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Abstract: The quedion of determining three-
dimengonal coordinates of a visua object (aircraft) arises
in the air and runway areas of arports where radar
systems are ineffective. The main objective of the work is
to deveop and improve basc agorithms and basic
hardware dructures for optima calculation of three-
dimensional coordinates of a visual object in rea time.
This article discusses hardware-in-the loop smulation and
further development of subsystems for determining
coordinates of an object identified on the video image of
an arport's runway and surrounding area. This paper
documents the hardware and software implementation of
an agorithm used to cdculate three-dimensional
coordinates of a visual object by using the modified
method of stereopairs. Namely, processing of incoming
analog signas, binarization of the frame taken from a
video by cropping, and determining coordinates of the
object for each image (out of threeimages) by its center of
weight, and then calculation of 3-dimensional coordinates
by using the modified method of stereopairs. The
developed system is designed to support the existing flight
safety control systems used at control towers, and to
provide adisplay of area Stuation at airports within view
of a video camera. For the subsystem to be modded and
verified for proper operation, we used a video with known
coordinates of a reference plane for each frame. The
results obtained through the smulation of an automatic
subsystem for the determination of aircraft coordinates are
quite close to the actual coordinates of areal object and do
not exceed 2 % error. Apparently, the program testing has
shown good outcomes that indicate the correct
implementation of the al gorithm.

Key words: 3-dimensional coordinates, modified
method of stereopairs, determination of coordinates,
binarization, visua control.

1. Introduction

One of the actual tasks concerning an airport
airspace monitoring is identification and determination
of gpatid coordinates of airplanes in order to prevent
emergencies in the air and land areas of the airport
because of the possibility of unauthorized access to
runways. Among such unauthorized accesses are
airplane landing to wrong runways, landing without

keeping correct altitude and direction settings, etc. These
problems are emphasized when visual monitoring of the
airspaceis carried out either at dusk, dawn, or in difficult
weather conditions such as rain, fog, mis, etc., that lead
to poor visibility.

Therefore, solving the tasks of visual identification
of arplanes and determination of their gpatia
coordinates becomes topical. These tasks having been
solved, it will be possible to design cheap distributed
computation modules capable to automatically detect
landing airplanes and determine their coordinates. These
modules will enable the images to be loaded, processed
and transferred to the airport’s personnel computers.
This is the place for processing images of the airport
airspace with the airplanes marked and the spatial
position determined even in conditions of poor visibility
and outside the radar vishility at low altitudes.
Consequently, safety of vehicles and people being at
airports near the place of airplane maneuvering will
increase.

2. Statement of the problem

The main aim is hardware-in-the loop simulation
and further development of subsystems for determining
coordinates of the object identified on a video image of
the runway and of the airport airspace. The objective of
these studies is to develop competent means for
calculating coordinates of an identified aircraft.

3. Coor dinate deter mination subsystem
An automatic subsystem of coordinate determination
provides a visual determination of coordinates of the planes
identified in the runway area and in the airgpace adjacent to
theairport in real time. The sysem deve oped isintended to
support the exiging flight safety control systems used at
control towers, and to provide adisplay of area Stuation at
airportswithin view of avideo camera
Technically such system consists of (Fig. 1):
- acamera, which formsimages,
an image input block, which converts a digital
signal into an analogue one;
an image processing block, which provides
binary images and determines coordinates of an
aircraft within view of a video camera;
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Fig. 1. Block diagram of a coordinate determination subsystem.

a monitor for an operator to observe an air
Situation;

a control panel for adjusting of the system for
itsreal-time operation;

an adjusting (tuning) interface, which provides
a connection with a PC.

The microprocessor subsystem has been built based
on a DSP56F8367 as a part of the MC56F8367EVM
module.  This microprocessor does not need a large
number of enhancements, as it contains a basic set of
peripheralsrequired for the system.

4. Coor dinate deter mination method

Having previously been compressed, the data from
the cameras are stored in the memory of the
microprocessor. An identified object is represented by an
array, which stores the coordinates of the object’s pixels.
Accordingly, by finding a minimum value with respect
to x and a minimum with respect to y, a minimum with
respect to x and a maximum with respect to y, a
maximum value with respect to x and a minimum with
respect to y, a maximum with respect to x and a
maximum with respect to y, four key points — “corners’
of the object - are determined. Another point is taken as
the geometric center of the target by the arithmetic mean
of the coordinates of opposite “corners’. The coordinates
of the points obtained are saved for subsequent
calculations.

We have pairs of video frame coordinates that
correspond to a point of the object. For example, the
coordinates of the first pair are (avl, bvl), second pair -
(av2, bv2), and third pair - (av3, bv3).

Let us switch from the interna coordinate system of
the image to the coordinate system that exists at the time
of shooting. After being projected through the optical

center of the matrix, the image gets inverted and
reflected. Next, it is reflected relative to the center. We
need to switch to the initial (non-reflected) coordinate
system. These coordinates are determined in the
following way:

al= xpixl- avl,a2 = xpix2- av2,a3= xpix3- av3 (1)

bl = ypixi- bvl,b2 = ypix2- bv2,b3 = ypix3- bv3 (2)
where xpix, ypix are the dimensions of an image in
pixes.

Let us switch to the coordinate system with the
origin located in the center of the pictures as the origin
must coincide with the projection of the optical center.
Then, the coordinates of the selected point will be as
follows:

xL=al- (xpix1/2),
x2=a2- (xpix2/2), (3)
x2 =a3- (xpix3/2)
y1=bl- (ypix1/2),
y2=b2- (ypix2/2), (4)

y2 =b3- (xpix3/2)

The resulting coordinates are represented in pixels.
But in order to match theresults of thereal world and the
projection onto the matrix of the camera, we need to
transfer these data to a single system of measurement. In
order to do this, we need to know the real (physical)
matrix size. For example, let the dimensions of the
matrix be 4.3 x 5.8 mm. That is, within a 0.58-cm
distance, there are 2288 pixels, so the value of a pixd in
the camera matrix is 0.58/2288 = 0.0002535 cm. Multi-
plying the coordinates x1 and y1 by this constant,
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we shall obtain datain centimeters. Similarly, for x2,
X3, y2, and y3.

Now determine the 3D coordinates of the specified
object in the video frame by using the following
formulas:

lef b,zz:f b,zng b,
- X2 X2 - X3 x1-x3 ®)
2:21+22+23
3

f b (a+x2) , [ b (2+x3

27 (X-x2) 27 (x2-x3) ’(6)
X3= f- b (x1+x3), X = X1+X2+X3
27 (d-x3) 3
vi= 1 [O’ (yl+y2),Y2: f- [O’ (y2+y3),
27 (y1-y2) 27 (y2-y3)
V3= f’ b (y1+y3), Yy = Y1+Y2+Y3 (7
27 (y1-y3) 3

where f is the camera focus, b is the distance between
cameras.

These calculations are done for five key points, and
to reduce the errors, we cal cul ate the arithmetic means of
the values. As a result of the program execution, it was
found that the distance to the observed object equals
1751m. that correspondsto the actual digtance.

5. Resear ch into coor dinate deter mination methods

The given algorithm determines coordinates of an
object by anayzing a binary image of the object. In this
case, it is the image of a plane on a gray background.
The subsystem has been modeled and verified for proper
operation; we have used for the verification a video with
known coordinates of a reference plane for each frame
captured by the analog camera Sony XC-ST30 with
CCD-matrix.

The flowchart describing the hardware-in-the-loop
simulation of the subsystem for determining aircraft
coordinatesis shown in Fig. 2.

Fig. 2. Flowchart of hardware-in-the-loop simulation of the subsystem for determining aircraft coordinates.

As a result of the microcomputer work we have
obtained coordinates of a dynamic object for each frame
and loaded them to a computer via SPI to USB port
connector. The data have been received using Hyper
Terminal ingalled on the computer.

6. Conclusion

The results obtained through the smulation of an
automatic subsystem of determination of aircraft
coordinates are quite cose to the actua coordinates of the
object and do not exceed 2 % errar (for example, cdculation



32 Andriy Myts

results for 745" frame X = 74m, Y = 427m., Z = 1751m.,
initid results for 745" frame X = 73m.,, Y = 431m.,
Z =1753m.) that is acceptable for the systems of this type.
The error in the measurements can, to a large extent, be
explained by the type of the video camera used.

Apparently, the program testing has shown good
outcomes that indicate the correct implementation of the
algorithm.
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AITAPATHO-IIPOI'PAMHE
MOJAEJIOBAHHA INIJICUCTEMUA
BU3HAYEHHS 3D-KOOPAUHAT
3A MOAU®IKOBAHUM METOJOM
CTEPEOIIAPU

Awnnpiit Murg

IIuTaHHs BU3HAYEHHS TPUBHUMIPHUX KOOPIMHAT Bi3yaib-
HOro o0'ekra (JiTaka) BHHUKAa€ B IIOBITpsHIM Ta 3iiTHO-
MOCaIKOBil 30HaX aePOIOPTiB, JIe paioJIOKaliliHI CHCTEeMHU

(PJIC) e wueedexruBHuMH. OCHOBHE 3aBIaHHS POOOTH
MoJIATa€ y pO3pOOJIEHHI Ta BIOCKOHAJICHHI 0a30BHX
aJTOpUTMIB  Ta amapaTHUX CTPYKTYp JUIS
ONTHMaJIbHOTO TPUBHMIPHUX KOOPAHMHAT

6a30BUX
004HCICHHS
Bi3yallbHOrO 00'€KTa B pealbHOMY pexumi uacy. Lls
CTaTTSl PO3KUBAE amapaTHO-IPOTpPAaMHE MOJICIIOBAaHHS Ta
Mo/1ajibIlie PO3POOJICHHS MiJCUCTEMH BU3HAYCHHS KOOPJIH-
HaT 00'eKkTa i1eHTHU(IKOBAHOIO Ha BiJe0300pa)keHHI
3JITHO-IIOCAAKOBOI CMYT'H Ta HPUJIETJIOr0 MPOCTOpPY aepo-
nopry. OnucaHo amapaTHO-IPOrpaMHy peaili3alilo ajro-
pUTMYy I PO3paxyHKY TPHUBUMIPHHX KOOpJAWHATH
Bi3yalbHOro 00 €KTa 3a JONOMOror MoJAu(iKoBaHOTO
METOJly CTepeolapy, a caMe OIpallOBaHHS BXiJHOTO
aHAJIOrOBOTr0 CUTHANy, OiHapu3auiro Kaapy, sSKuil B3sATHH 3
BiZIeOpsAy WUISIXOM KaJIpyBaHHsS, Ta BU3HA4YSHHS KOOp-
IUHAT Bi3yaJbHOTO 00 €KTa Ui KOXHOTO 3 TPhOX
300pakeHb IO HOro IIEHTPY Mac, pPO3paxyHOK TPHUBH-
MipHUX KOOPAHMHAT 3a JIOIOMOI'0I0 MOJU(iKOBAHOT'O METO-
Iy crepeonapu. PospobiieHa cucrema npusHadeHa OyTu
JIOTIOMDDKHOIO JUISI iCHYIOYMX CHCTeM Oe3leKH NOJbOTiB
KOHTpOIbHO-AucneTuepchkux nyHkTiB (KIIT), i 3abe3me-
4yye BiJOOpakKeHHs pealbHOi 00CTaHOBKH B aepoHOpTy Ta
MPWIETNINX 30HaX y MeXax Mo 30py Bineokamepw. s
MOJICJIIOBAHHS IiJACHCTEMHU Ta NEPEeBipKU Ha KOPEKTHICTH i1
pobOTH BUKOPHCTAaHO €TaJlOHHE Bige0300pakeHHs 3
BIJIOMMMH KOOPAWHATAMHM JIiTaka JJIsI KOXKHOTO Kaupy. Y
pe3ynbrari aBTOMATHUYHOI  IiJICHCTEMHU
BH3HAYCHHS TPUBUMIPHHX KOOPAMHAT JIITAJFHUX arapariB
OTPUMAHO pe3yibTaTH, IOBOJI ONM3BKI 1O pealbHHUX
KOOpJIUHAT Bi3yaJbHOro 00’ €KTa, IO HE MEepPEeBHUIIYBaIN

MOICIOBAaHHSA

2 %. Orxe, pe3ynbTaTd BUIPOOYBAHHS NPOrPaMU € XOpPO-
MKMMH, 110 CBIAYUTH PO HPaBUIbHY pealizallilo aiuro-
pUTMY.
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