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Abstract: In this study, we analyzed the accuracy of the con-
version from DLT parameters to physical camera parameters
and optimized the use of DLT model for non-metric cameras in
photogrammetric tasks.

Using the simulated data, we computed two sets of physical
camera parameters from DLT parameters and Bundle adjust-
ment for various cases. Comparing two results based on the
RMSE values of check points, we optimized the arrangement
of GCPs for DLT.
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1. Introduction

Recently, non-metric cameras have been used in various
photogrammetric tasks, in which low accuracy is allowed. In
case of photogrammetry with non-metric cameras, it’s not easy
to use a rigorous physical mode] unlike metric cameras because
the camera parameters of non-metric cameras cannot be accu-
rately determined. So, in case of non-metric cameras,
DLT(Direct Linear Transformation) as an abstract model has
been used.

DLT parameters can be converted to physical camera pa-
rameters. However, the accuracy of the converted camera pa-
rameters is not guaranteed. So, in most cases, the converted
camera parameters are used as initial values for the adjustment
of physical model.

In this study, we analyzed the accuracy of the conversion
from DLT parameters to camera parameters and optimized the
use of DLT model for non-metric cameras in photogrammetric
tasks.

2. Methodology

1) The determination of DLT parameters

The DLT models the geometric relationship between
the image coordinates and the object space coordinates
as a linear function (Abdel-Aziz and Karara, 1971; Mar-
zan and Karara, 1975).

The DLT equations can be expressed as follows (Mik-
hail. et al., 2001):
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Where X and y are the image -coordinates;

X,.,Y, and Z, are the object space coordinates of

the point.

The linear solution of DLT requires at least six non-
coplanar control points with all three coordinates known.
Unlike a non-linear rigorous photogrammetric solution,
the image and the object coordinates should be normal-
ized for a reliable solution.

The parameters can be obtained by the following ma-
trix equation.
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X,.Y,,Z, : Normalized object coordinates

X;, ¥; :Normalized image coordinates

2) Relationship between the DLT parameters and the
physical camera parameters

In order to relate the DLT parameters with the physi-
cal camera parameters, we first write the projective equa-
tions using physical parameters with homogeneous coor-
dinates(Mikhail. et al., 2001, Faugeras, 1999)
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where, T_ is the exterior orientation matrix. 7 is
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nonorthogonality of the image coordinate axes, K, 1sa
scale difference between the axes, x,,y, are the prin-

cipal point coordinates, ¢ is the principal dis-
tance(focal length), M is a rotation matrix, and
X., Y., Z. are the coordinates of the perspective cen-

ter in the object space.
Similarly, the DLT can be expressed in homogeneous
coordinates.
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X", Y",Z" : Normalized object coordinates
x",y" :Normalized image coordinates

DLT parameters are determined from the normalized
coordinates. For directly calculating the physical
parameters of original coordinates, we need to compute
DLT parameters of original coordinate system(7 ) using
scale and offset.

[x" y" w =P[x y wf

[x* vy z2 wl=0x v z wf )
X X
1 |r Y
y|=T =P'T'Q
z z
w
w w
[1 o, T ' o o -%
- 0 -—= s Se X
s K w o " W) X X
'loxl“l“'l"‘l“olo-ﬁy
=0 — 2| L L L sy oy
“} ‘s,\ n " " 1 0,
0 0 1 L" L," L, 1o ()__.AW
Sy s,
L | Lo 0 0 I ]
- Ix
L L Ly,
=L LLLY,
Ly Lo L] dw

Where, s = scale , o = offset

3) Derivation of the interior orientation parameter

The interior orientation parameters can be derived
from the DLT parameters using the relationships be-
tween the rows of the orthogonal matrix M as following
equation:
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4) Derivation of the exterior orientation parameter

(6)

Since the interior orientation parameters were calcu-
lated, interior orientation matrix 7, can be formed.

And then, the exterior orientation matrix 7, is
T, =T,"'T @)

The rotation matrix M can be extracted from the exte-
rior orientation matrix 7, using characteristics of an

orthogonal matrix. Orientation angles can be derived
from the rotation matrix M .
The camera position is calculated from
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3. Experimental Results

1) Data

Every measurement inevitably contains errors from
various sources. If we use the real measured data, it’s not
easy to separate the transformation error from the total
errors from various sources. So, we made our experiment
using simulation data to clarify the source of errors.

The simulated data are made based on the camera pa-
rameters using real aerial photograph. As shown in Fig.
1., 25 GCPs and 16 Check points are evenly positioned
on the photographs. The image coordinate of GCPs and ¢
check points are simulated using the camera parameters
as shown in Table 1. At first, photo coordinates are com-
puted from the 3 dimensional coordinate of GCPs and
Check points using the collinearity equation. Then we
assumed the photograph is scanned with resolution of
1000 DPI. So, we get the image coordinates of GCPs and
check points.

2) Experiments

In this study, we computed camera parameters from
DLT parameters for the 7 cases, the number of GCPs
and arrangements of which are shown in Fig. 2. As a
result of the computation, the camera parameters derived



from DLT parameter of 7 cases were all the same with
the simulated camera parameters of Table 1. within the
errors range of numerical analysis. So, we found that the
conversion of DLT parameters to camera parameters
would not be affected by the number or the arrangement
of GCPs. Also, we found that our conversion method is
suitable.

In actual case, every measurement contains observa-
tion errors. So, we added observation errors in the image
coordinates of GCPs. The observation errors were added
by generating random numbers which have normal dis-
tribution and standard deviation of 0.5 pixels. To prevent
that observation errors were partially concentrated, gen-
eration of observation errors and computations were re-
peated 5 times for each cases of Fig. 2. For each case,
camera parameters were computed not only from DLT

A A A A A parameters but also using Bundle adjustments. Then, we
LR L R computed RMSE value of image points of evenly dis-
A A A A A tributed 16 check points in Fig. 1 using two camera pa-
A ° A ° A o A o A rameters from DLT and Bundle adjustment. Table 2 and
Fig. 3 show the results of the computations.
R
A A A A A .
o o O O Table 2. RMSE values using two camera parameters
A A A A A from DLT and Bundle adjustment (unit : pixels)
A case 1 2 3 4 5 6 7
¢ Ax 0.91 0.69| 9.13] 030f 052 029]| 0.18
Fig. 1. arrangement of GCPs and Check points E Ay | 099| 097 869 030| 055| 036{ 0.8
. A 1.35 1.19] 12,60 042 076 047} 0.26
Table 1. simulated camera parameters P
Ax 042 047 1.42( 0.26] 036 0.25] 0.18
parameters| value Remarks é Ay | 037 048 150| 027| 0.28| 038 0.16
Ky 1 scale of two image coordinate axes @ [ap | 056 067 207 037] o046| 0as| 024
Theta(Deg)] 90 gle of two image coordinate axes
xo(mm) |0.013 el}oitl?xtzggirgmate center from fiducial cen-
hoto coordinate center from fiducial cen-
yo(mm) |-0.015 er in y-axis
f(mm) [303.1 camera constant
4 |@DLT Ax{pixels)
Xc(m) (173610flens center position in X-axis : :Dtr iy(olxels)
apLT aplpixels)
Yc(m) |190930llens center position in Y-axis g 0 Bundle axioxers)
W Bundle ay(pixe's)
Zc(m) | 950 [lens center position in Z-axis ! (mBundie aplpets)
w(Deg) | 0.5 [rotation angle of camera around X-axis
p(Deg) 0.4 [rotation angle of camera around Y-axis
k(Deg) -92 rotation angle of camera around Z-axis
casel case2 case3 case4 case5 caseb case7
Fig. 3. RMSE values using two camera parameters from
a a 2 2 A a4 DLT and Bundle adjustment (unit : pixels)
a a
a a A A a A Comparing Case 1 to Case 2, we found that RMSEs of
Case 2 were better than those of Case 1. Case 1 had 6
£ £ L GCPs which were evenly distributed only in left and
right side, but in Case 2, 6 GCPs were partially distrib-
- A T » a uted in half right side but one GCP was placed in the
N f center of photo.
& a & a a a A & In Case 3, GCPs were concentrated on right upper side
and RMSE values were deviated from allowable ranges.
a a 4 & & a_A s From Case 4 to Case 7, all RMSE values from Bundle

Fig. 2. Cases of GCP number and arrangement

adjustment were less than 0.5 pixels which was the stan-
dard deviation value of observation error added in the
simulated image coordinates. However, in case of DLT,
RMSE values of Case 5 exceeded 0.5 pixels. Comparing



Case 5 to Case 4, Case 5 had one more GCP but it had
no GCP in center of photo.

Comparing Case 6 to Case 7, we found, more GCPs,
less RMSEs in check points, when the GCPs are evenly
distributed. Moreover, in Case 7, the two results from
DLT and bundle adjustment were much the same.

However, Case 7 could not be a practical case because
that needs too much GCPs. Comparing to Case 4 to Case
6, we could get more good result in Case 4 with less
GCPs. It’s rather strange. We inferred that two more
points of Case 6 compared to Case 4 would not be sig-
nificant in geometric accuracy. So, we guess that Case 4
would be a practical case that needs not much GCPs in
the field.

4. Conclusion and Future Works

In this paper, we analyzed the conversion processes
from DLT parameters to camera parameters according to
the number and arrangement of GCPs. As the result, we
found that we can get suitable result when GCPs are
evenly arrange in 4 corners and center.

In the future, we will apply this result to determine the
3 dimensional coordinates from stereo imagery using
non-metric cameras such as on-the-shelf digital camera,
CCD camera, video camera, etc.
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