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Abstract— This study compares the input values of area coordinates
with the results of space point reconstruction. We used changes of
area coordinates and evaluated the changes to DLT coefficients. We
tried to find the distances between calibrated and reconstructed
points in the space. To find the minimum of this space distance is the
main problem of the reconstruction. We tried to take control of input
area coordinates and evaluate the space position of the point of
reconstruction.

Keywords-DLT method, 3D
photogrammetric system, stereo cameras.

reconstruction, stereo

. INTRODUCTION

DLT method is one of the classical procedures whijghly
space points calculation from image coordinate® fethod
is based on corresponding points which are vidiiola two or
more cameras with area coordinates §x]; [X2, Yal; [Xn, Ynl-
The reconstruction is based on procedure when Ehpdnt's
coordinates in space are known. We can calculaéicents
of transformation by these area coordinates. Tlfic@ents of
transformation are called DLT coefficients (Direcinear
Transformation). By using these transformation ficiehts we
can calculate space coordinates of the arbitraimt pehich is
visible in the calibrated space. The calibratiorspéce is the
first step of the procedure. We have to registea @oordinates
of calibrating points from every camera view, [y]; [X2, Yal;
[Xn, Ynl- These values are the input parameters for th& DL

coordinates were formatted with four positions bhdhihe
decimal separator.

lll.  RESULTS

A. Experiment 1: Relationship between changes of tba a
coordinates point’s position and changes of thédficients
DLT.

The first step of this experiment was the area dioates
registration of the calibrating points. We calcaththe DLT
coefficients from these coordinates in the nexip.sté/e
introduced noise artificially to represent managbednges of
the area coordinates. According to the changeshefarea
coordinates we can observe the changes of DLT icaffs.
The area coordinates from every view and the DLT
coefficients are the input values for calculatidntlte space
coordination of the reconstructed point. There aeal
distances between the original space position d&ednew
position which we calculated by help of DLT coeiffiats.
These controlled changes of input values show evquality
of registration of the area coordinates dependbemprecision
space point reconstruction.

TABLE I CHANGES OF11DLT COEFFICIENTS WITH CONSTANT

CHANGES OF AREA COORDINATES

coefficients calculation. We can calculate the spamordinates

[x,y,z] of every visible point by the registratiaf the area
coordinates of this point and by help of DLT tramefation

coefficients. There are two critical registratiook the area

coordinates in this procedure. The first one isrduthe space

calibration and the second one is as the inputttier space

coordinates calculation. Both of these registratiane very

important and our priority is maximum precision idgrthese

steps.

II.  METHOD

We selected DLT algorithm with 11 transformation

coefficients. We selected MATLAB software as th

programming environment and tool for the calculsioThe
picture from every camera was digitalized to frar@@ x 576

pixels. Digital zoom was applied to every frame dnd area

Change of camera coordinates [absolute value]
DLT 0 0.01 0.05 0.1 05
coefficient
1 1.0795 1.0795 1.0794 1.0795 1.0789
2 -0.0049 -0.0049 -0.0049 -0.0049 -0.0050
3 1.2938 1.2938 1.2939 1.2939 1.2944
4 73.5994 73.6094 73.6494 73.6964 74.0994
5 -0.0131 -0.0132 -0.0132 -0.0133 -0.0137
6 -1.6567 -1.6567 -1.6567 -1.6567 -1.6568
7 -0.0591 -0.0591 -0.0590 -0.0590 -0.0585
8 235.0576 | 235.0676| 235.1076 235.1576  235.5676
9 -0.0012 -0.0012 -0.0012 -0.0012 -0.0012
10 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001]
11 0.0013 0.0013 0.0013 0.0013 0.0013
a)
Change of camera coordinates [absolute value]
DLT 1 2 3 4 5
coefficient
1 1.0783 1.0772 1.0760 1.0749 1.073y
2 -0.0050 -0.0051 -0.0052 -0.0053 -0.005¢




3 1.2951 1.2963 1.2976 1.2989 1.3002

4 74.5954 75.5994 76.5994 77.599% 78.5994
5 -0.0143 -0.0155 -0.0166 -0.0179 -0.0189
6 -1.6568 -1.6569 -1.6570 -1.6571 -1.657p
7 -0.0578 -0.0565 -0.0563 -0.054( -0.0527

8 236.0576| 237.0579 238.0576  239.05f6  240.0576
9 -0.0012 -0.0012 -0.0012 -0.0013 -0.001p
10 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001
11 0.0013 0.0013 0.0013 0.0013 0.0018

In Table 1 there are counted values of DLT coedfits with
constant changes of area coordinates from two @sméd
and C2. We implemented these changes from basiclatéd
value with steps 0.01; 0.1; 1 unit of area coorginaVe
applied the noise for every camera separately dubé fact
that simultaneous change of area coordinates ih bi@ws
could partially disguise each change. The areadboate is

composed of two elements [x; y]. We implementedseoi

separately to the x — coordinate and y — coordifrata every

camera view. Consequently we observed the distanc

between calibrated point and reconstructed poittiénspace.

| | | | i i * KYZ-x1| i

| e S S R S R
* booon N B A

o e dooBoowo g ]
“g 5____*1 _____ y [RACATADATSL s mEmAnaD: ¢ CaRe L AR AR T A A R T r____T____*____l
- A A R
o g B B yoon @ nmp
© - UL T L AR O, AN - A
8 I I A R R .
B | | | | | | #* | '
B P B v oW B W Hggw b
5 3 R e i R Sl
= R A A T B
E | | * | | | * | | |
= . L SR — N O T
5 A e A R
2 : : e i ¥ : ! ! |
' ' + ' * ' ' '

Tro--- IS R A - el Rk ek

A R T L A

=10 -8 -6 - 2 0 ) 4 B g 10

change of x area coordinate [area units]

Figure 1. The changes of space distance in reference to ehaigrea
coordinates. (View 1 — x coordinate: x1=62.42282.42256).

The changes of space distance could be calledr lmedooth
sides at Figure 1. This relation is symmetrical lhe
minimum is not in zero value, which represents eabf
calibrated coordinate. The minimum is at the nedapesnt
from the calibrated coordinate. The nearest pagpresents
one picture unit step to the adjacent point inrteghborhood.
We expected zero distance from calibrated poinarinideal
situation. It is not possible in real situation amg found
minimum of this distance. Three picture unit stews both
sides in x-coordinate represent 1 unit of spacerein this
case it means less than 0,01m.

B. Relation between changes of the position of area
coordinates points and the position of space coatds
points.

In this experiment we used calibrating points ia fpace, we
counted DLT transformation coefficients and thanosented
the space coordinates of the selected points. e task was
to evaluate the changes of space coordinates ofrkipmint

position according to managed
coordinates. We applied changes of area coordinates

coordinate and in y-coordinate from two views. Tihasic
value for the experiment was the area coordinafesh®

reconstructed point. To this basic value of arezrdioates we
added 10 area units in one direction and we subttal) area
units in the second direction. In every step ofnggaof area
coordinate we counted new position of space coatdimnd
we compared this result with the original spaceitipss We

chose 0.5 as the step of iteration. We wrote ddventhree

&Somponents of space coordinate and we evaluatkeivtfe of

every component to total reconstruction error.
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changes of space point's components [space units]

Figure 2. Changes of space point's components to changepuof area
coordinates (View 1 — x coordinate)

There are three components of reconstructed spexcdinates
at Figure 2. All components cross the zero valuespdce
coordinate, but in different value of input areamhbnate. If
we compare the parts of every component the dornipart
has y-coordinate, minimal part has z-coordinatem@on
changes of all area coordinates are at Figure & st
interesting part in the graph is in the neighborhad zero
value of space coordinate. The difference betweimmm a
maximum value of the space coordinate is 1.5 péctunits in
this part of the graph. On the border of the grdpls
difference is 0.5 picture unit only. Separately doeghe fact
that simultaneous change of area coordinates ih bi@ws
could partially disguise each change. If we chabgth area
coordinates simultaneously, depending on the diecof
each change this will either increase or decrdasertror.

input changes of area
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Figure 3. Common changes of all area coordinates and changkstances
between space coordinates.

CONCLUSION

Using this experiment we have shown how importartbi
register area coordinates with maximum

that this distance has in every case value abone(zé > 0).
The main issue for interpretation is proportionwestn the
space units as the global scale and real unithdnspace. It
depends on large of view from every camera. Forinrage
we have to compare the scale factor between onieofiarea
coordinate and space distance which we measureslpydf
units of calibrating space.
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accuracy

[X1,Y1l:[X2,Y2]--[XnYn] from every camera view. We have also
g'Fhis project was supported by grant of MSMT MSM 106001

shown that is possible to evaluate the accuracy
reconstruction using the difference between thea ar
coordinates of the calibrated point and the recaotd point.
The managed introduction of artificial noise hasndastrated
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