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THE USE OF DIGITAL IMAGES FOR DETERMINING THE COORDINATES OF
OBJECTS IN THE REAL PLANE WITH A FLAT FOUR-POINT
TRANSFORMATION

Digital imaging is used to identify objects on the surface as well as in the ground. These objects exist in
three dimensions, but after making picture are two-dimensional. The unit of length is changing from meter or
centimeter to pixel. There are methods for transforming coordinates from one dimension to another such as
Direct Linear Transformation method (DLT) and a flat four-point transformation method. By reading the
coordinates of the objects in the pictures, in pixels, you can calculate length (i.e. in meters) using a

transformation matrix.
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Introduction

Direct linear transformation (DLT) is a method of
determining the three dimensional location of an
object (or points on an object) in space using two
views of the object. First, let’s consider a few differ-
rent ways of obtaining multiple views of an object:
two cameras, one camera and one prism, one camera
and an arrangement of mirrors, one camera, two
separate images.

DLT method uses a real-space perspective project-
tion on the image plane. It allows to calculate the
parameters, which directly describe the spatial
orientation of photos without the knowledge of
approximations of objects.

There are eleven DLT parameters. Determination
of the coordinates in the space of 3-D requires the use
of all. The 2-D space needs only nine. DLT
parameters are obtained from solving the system of
linear equations using matrix transformation. The
calculations related to the calibration of camera used 6
points and receives 12 linear equations.

The image coordinates of the DLT method, 3-D is
calculated from the fallowing formula (1)

U= Lx+Ly+Lz+L,

Lox+ Loy + Lyyz +1
U= Lx+Ly+Lz+ L O
Lox+ Loy + Lz +1
while in 2-D method from the formula below (2)
U= Lx+Ly+L, U= Lx+Ly+Lg ?

Lx+Ly+1" Lx+Ly+1

Calculations in four-point transformation are using
simple mathematical operations and needs the
minimum points of assumptions about the quality of
the equipment and the position of the optical
measurements. Four-point calibration method leads to
linear equations for the unknown coefficients of
transformation and does not require orthogonality and
equal scales the coordinate axes. Transformation is a
flat representation that sets points on one plane to
another. The first plane is identified with the camera-
monitoring plane IT and the second plane — real plane.

16 © E. Tomaszewska, 2013

The transformation can be represented by the

following formula
T(Pn) = Pr. ®)

T-transformation;
Pr. the point on the image plane;
Pr - the point on the real plane.

We found that:
» method does not require the orthogonal coordinate
system or equal scales;
« the optical axis of the lens does not have to be
perpendicular to the plane of the photosensitive;
« do not have know your digital camera parameters.

The exact relationship between the points belon-
ging to both the plane defined by the formula (4):

alxﬂ + blyH + Cl

X
T(PH): Pl— r — OLXH +bBy” +1
Yr Xy +0,y,; +6C

oX, + By, +1
In the formula, there are eight coefficients S:

ST=[a1,bl,C1,a2,b2,C2,(x,B]. ()

The coefficients S uniquely define the trans-
formation. Describe the relationship between the real
plane and the plane of the monitoring, including
representing both the position of the planes to each
other as well as the parameters and the optical
properties of the camera.

To carry out the identification used to know the
position of the monitored points in the plane, and the
corresponding points on the real plane. You must
know the coordinates of the four pairs of points, no
three of which cannot be aligned. This allows using
the formula (3), to construct a system of eight linear
equations with eight unknowns, which are the
coefficients of the transformation (7). Subject to the
assumption of a lack of alignment points, the system
has exactly one solution (9) where:

S-matrix of the coefficients (5);
C- matrix of transformation;
H-matrix of transformating parameters.

Classical identification algorithm involves placing
the camera in the calibration standard with marked
points, respectively, defining the actual plane. These
points are being developed in the camera image (plane
monitoring). Then, based on knowledge of the
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position of points on the two planes, using the
formula (7) is identified transformation flat. After
completion of the calibration pattern may be removed
from the field of the camera. Graphic interpretation of
the situation shown in Fig. 1.

MONITORING

Fig. 1. Interpretation of the removing

In order to determine the four calibration points
can be used prepared flat square pattern with marked
corners. Coordinates of the corners of the square:

P.=[0 of, P.=[L of

P.=[0 1] P. =L 1] (6)

Calibrating the transformation can be performed in
a flat five stages:

* We put a square pattern on a local level, linking
certain points the plane of vectors corners;

» We picture the pattern in the camera setting in
which it will be working in the future;

< We recover, through image processing, monitor
the position of the corners of the square;

» We do identify factors S (calibration) according
to the formula (6).

Found coefficients represent information about the
relative position of the camera and the monitoring plane.

Research and calculations
The model of a rectangle measuring 18 cm x26 cm
divided into 1 cm squares. A digital image of model
was analyzed in the Matlab software environment.

Fig. 2. Digital image
of model

Fig. 3. Picture from
Matlab

For four points from the image plane take theirs
value of coordinates (in pixels). Insert to the trans-
formation matrix C and to the matrix H (in
centymeters) (7).

Receive values of S (parameters of camera
calibration). Parameters S with the values of unk-
nown point in pixels, insert into the formula (4).

After the calculations obtained the coordinates in
the plane of the real system (in centymeters). The
algorithm written in Matlab, automatically performs
the calculations.

Errors are calculated using the standard deviation.

Table 1
Example
Coordinates of points in | Coordinates of points in
the real plane, cm the image plane, pixels
Pri=[1;1] PII 1=[573;2428]
PI'2=[14;10] PII 2=[2025;1382]
PIr3=[11;1] PII 3=[1705;2408]
Pr4=[1;10] PII 4=[553;1417]
S parameters obtained:

a1=0.0090; a2=-0.0002;

b1=-0.0002; b2=-0.0089;

c1=-3.7011, €2=22.8168;

a=0. p=0.

Values of pixels for unknown point:
X=1125 pixels (x=6 cm)  Y=1860 pixels (y=6 cm)
Values of length obtained from the computer:
[x, y] =[6.0519, 6.0378], cm.
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H=CxS, 8)
S=C'xH. 9)
Application Literature

1. Four-point transformation is a simple method.

2. Fast way can calculate the coordinates of small
objects on the plane and gives distances with little
error.

3. No needs to know the parameters of the camera.
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BU3HAUYEHHSI KOOPJAUHAT OF’€KTIB V JAIMCHIN IJIOIMHI 3A iXHIM [IU®POBUM
30BPAJKEHHHSIM 3 BUKOPUCTAHHSIM YOTUPUTOYKOBOT'O NEPETBOPEHHSI

€. TomameBchbka

Hudposi 300paskeHHS] BAKOPUCTOBYIOTHCS IS ineHTH(DiIKAIi 00’ €KTIB IK Ha MMOBEPXHIi, TaK i HA TIHOUHI.
Li 06’exTH iICHYIOTh y TPHOX BUMIpax, aje Micis CTBOPCHHS MAaTIOHKA € JIBOBHUMIpHUMH. OIMHHUIA JOBXKUHH
3MIHIOETBCSI BiJl METPIB 200 CAHTHMETPIB JI0 MiKCelNsl. [CHYIOTh METON /ISl IePEeTBOPEHHS KOOPIMHAT BiJl OJJHOT
posmipHOCTi g0 iHImIOI, Taki sK mpsMma miniHa Tpancopmartst (DLT) 3a [OMOMOrorw  MIOCKOTO
YOTHPUTOUYKOBOTO MeToAy TpaHcdopmanii. [Ipy 3unryBaHHI KoopauHar 00’ekTiB Ha (ororpadii B mikcensx
MOKHA OOUYHCIUTH OBXHUHY (METpax) 3a JOMOMOTOI MaTPHII EPETBOPEHHS.

Kiawuosi cioBa: mapamerpu DLT-meromy, YOTHPHTOYKOBHE MeTOn TpaHchopMarlii, MaTpHis
MIEPETBOPCHHS, KOe(ILI€HT JTIHIHHOTO MEPETBOPCHHS.

ONPEJIEJIEHUE KOOPJIUHAT OFBEKTOB B JIENCTBUTEJLHOM IJIOCKOCTH 110 UX
OUO®POBOMY N30BPAKEHUIO C UCITOJIb30BAHUEM YETBIPEXTOYEYHOI'O
IPEOBPA3OBAHUSA

E. TomameBckasi

Lludpossie n300paxkeHus UCOIAB3YIOTCS Ul HACHTH(UKAIMN 0OBEKTOB KaK Ha ITOBEPXHOCTH, TaK M Ha
riryOrHe. DTH 00BEKTHI CYIIECTBYIOT B TPEX U3MEPEHHSIX, HO IIOCIIE CO3/[aHuUs PUCYHKA SIBJISIOTCS IBYMEPHBIMH.
Ennanna anuHBl M3MEHSETCS OT METPOB WJIM CaHTUMETpPOB A0 nHkcens. CymiecTBYIOT METOIbl s
peoOpa3oBaHys KOOPIUHAT OT OJHOW Pa3MEPHOCTH K JIPYroH, Takue Kak mpsiMasi JIMHelWHas TpaHcdopmanus
(DLT) npu moMoII¥ IUIOCKOTO YeTPHIPEXTOYEYHOr0 MeTona TpaHchopMmanuu. [Ipu CYMTHIBAHHM KOOPIHHAT
00bekTOB Ha (oTorpaduy B IHKCEIAX MOJKHO BBIMUCIUTH UIHHY (B METpax) C IIOMOIIBIO MAaTpPHIBI
npeoOpa3oBaHusl.

KaroueBsbie cioBa: mapamerpsl DLT-meronma, 4eTphIpeXTOYCYHBIA METOA TpaHC(HOPMALUHU, MaTpHUIla
peoOpa3oBaHus, KOAPGUIMESHT THHEHHOTO PeoOpa3OBaHMUS.

Kazimierz Wielki University in Bydgoszcz, Department of Mechatronics, Poland ~ Haniiinuia 05.08.2013
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