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Abstract. The paper is a sequel to the author’s previousystigéling with direct means of
constructing cylindrical and conical panoramaswadl as possible application of computer
software to their graphical mapping. This papersenés geometrical approaches in formation
of the algorithm for making up the panorama of oft§ewhen their spatial model is not
available. This algorithm allows to draw a flat peamic image of any straight line passing
through two points given directly in the unrollednrama background. It can be useful in
restoration of the panorama paintings. The algorittiso calculates spatial coordinates of the
characteristic points of the objects on the baséheir panoramic image, which enables 3D
reconstruction. The paper shows simple exampleapgflication of the presented algorithm for
reconstruction of fragments of panorama images algorithm is created in Mathcad
program. However, it can be implemented in AutoCADe or any graphical package.
Presented study was motivated by the main queskiow, much geometrical relations and
knowledge can help in some kind of reconstructiol3D recovery from the single panorama
image.
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1 Introduction

Investigation of a cylindrical panorama for usimgni recovery of the model of the presented
object is a very fast developing field recentlyn®amic images from multiplestations can be
used for 3D reconstruction and documentation ofatichitectural objects [1], [2]. The task of
retrieving information about a spatial structureadfigure from a single panoramic image is
not easy. Due to the fact that, any constructiah r@construction of every panorama has to
be submitted to geometrical rules regarding thad kif mapping, it is possible in some cases,
however. The analysis of such rules and discussigeometrical relations, which could help
in some kind of 3D reconstruction and 2D recovdrthe single panoramic image is the main
aim of the author.

2 Basic information

In the author’s previous works [3],[4],[5] the methof the direct construction of cylindrical
and conical panoramas has been introduced. It @aized by means of two- projective partly
composed representation. In general, that reprasemtis composed of two projections: the
main one and the supplemental one. It has the pxofbeat both; given figure and the image
of that figure received earlier in the supplememadjection, are represented in the main
projection. In the panorama representation the rmpajection is a central projection from the
centerS onto a cylindrical surface whereas the supplemental projection is the odhab
projection onto a base plame. Consequently, in that method the panorama intdgany
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point F is a pair £°F°% of points, while the image of any straight linenot particularly
situated towards an apparatus is composed of tweswf ellipses (Fig.1).
a)

1

Figurel: The representation of the: a) p&inb) straight linem in the panorama projection

For the graphical mapping effects of the represemeon the flat surface, images
contained in the background are transform to their counterpartsmnrolled background.
It can be realized by projecting the cylindricackground from the centr8 onto the base
planer (Fig.2).Next it enables establishing projectiviatiens between points on generatrices
obtained in that projecting and their counterpartshe unrolled background.

Figure 2: The projection of the straight ligawith the seriesR t=( P, He, W, F5, ...) of points for realization of
the transformation

According to the figure 3, series of points generatrix*tr obtained in the central
projection from the cente® onto the base plareand series of proper points on the straight
line t=' (received as a result of the translation of theegatrix t=* given on the unrolled
background) are projective ones.
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Figure 3: Graphical connections between the mappiigf thepoint F on the unrolled backgrountl and its
mapping®F° received by the projection from the cerianto the plane
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Above graphical relations have helped the authareéate the algorithm for drawing
the cylindrical panorama of the given model objegthich has been implemented in the
previous work [4]. In this paper they help to cestite algorithm for making up the panorama
image of objects when their spatial model is natilable. They make it also possible to
calculate spatial coordinates of the characterippmts of objects on the base of their
panoramic image, which can enable 3D reconstruction

3 Mapping the straight line going through two points given on the unrolled
background of the cylindrical panorama
The projective relation between points includedaity generatrixs< OF on the unrolled
background of the cylindrical panorama, and thepergoints on the generatrik obtained
in the central projection from theentreS onto the plan@ means equality of the relationships
of the double division of homologous fours of peigbntained appropriately in generatrices
e andtz (Fig.3).
For homologous fours of pointsW, SF%5 SPg, *He Jand{W}, FO°R PR H }
contained in series® , St=> and<0 , t="> above relation can be written by the formula below
‘SF ossPF‘ .‘SF OSSHF‘_‘F OSR PFR‘ .‘F OSRHE‘ (1)
[WR| W] WTRE W

In a row series of points contained in the stralgig m and series of points contained
in the generatrixt- J7 are projective ones (Fig.4). Moreover, the sexi@st=>> = tr (W.,>,
P>, HES, L) and 9 62> = t2° (WS, PR, HES, ...) are congruent.
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Figure 4: The perspective relation between poiatgained in the straight lines andt:

It enables establishing the relation below:

[FOH| [Fow,| |Fo°H| |Fosw|
FH[Fw| [FsH | [Fw,

Projective relations mentioned earlier help toldsth the distancd as the function of
the length v of the unrolled panorama background for the anfléFig.5a). We omit
describing our algorithm in detail, but show therkvof it after its implementation in Mathcad
program.

The computed algorithm enables drawing a panoramage of any straight line
passing through two points, given in the unroll@hgrama background. The points can be
establish directly in the unrolled background of fanorama. The program displays their
coordinates, and after putting them as variablebh@fcreated function, it draws the line as a
plot (Fig.5a,5b). The figure number 5a shows thengple of drawing the line passing through

two given points, with following coordinates: (8),8110,9), whereas the figure number 5b
shows the example of making up the line going tghowo corners of the model building.

(2)
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a) b)
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Figure 5: a) The panoramic mapping of the strdigletin Mathcad 2000 Professional program, b) &kample
of making up missing line of the panoramic image

4 Theuse of thealgorithm for 2D reconstruction of the panorama image

Before any reconstruction can be done some priowledge about geometrical properties,
parallelism, or shape of the shown object is neagsI hen, the presented algorithm can be
apply to complete missing parts of the panoramaené&or this purpose it is first necessary
to establish height of the horizon line, as well as lengtlof the radius of the base circle. In
case of the historical panorama painting lenigthn be calculated by the program on the base
of the length of the canvas, whereas helgbf the horizon line is established on the base of
the vanishing point of images of any pair of paladitraight lines of the objects. Next, our
algorithm can be used to draw a draft of missingdiof the panorama (Fig.6). In case of the
lines which are not straight lines in reality, # recommend to divide them into some
segments of lines, which can be approximated bgtitagght lines.

Figure 6: The application of the algorithm to 2[zaastruction of the panorama image of the histafi¢ in
Ranch Oklahomé§7]

The algorithm was computed in Mathcad 2000 Prodesdi program but it can be
implemented in any graphical package to make drgwanoramas more efficient.

5 Theuse of the algorithm for 3D reconstruction of the panorama

The task of retrieving 3D information from a singlanorama image is not always easy.
However, after some transformations our algoritran be useful for creating the 3D edge
model of the panorama image. For 3D reconstruaifotine invisible lines the application of

the concept of vanishing points is used. The pragealculates vanishing points for parallel
lines and draw not visible lines.
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Figure 7: Establishing vanishing points for pafadteaight lines on a panoramic image

The first step of the reconstruction of it is findiheighth of the horizon line, as well
as lengthr of the radius of the base circle (Fig.7). Nextyesal invisible lines of the
panorama image are made up. After making up segnoétines included in the base plane, it
is possible to prepare the ground map of the objday.8a). Next, the spatial coordinates of
the characteristic points of the objects are catedl by the program. They establish the edges
of the presented panorama objects. Finally, thatedeedge model of the displayed objects
can be a basis of the subsequent visualizationg8lligCalculation of the coordinates of the
characteristic points are prepared in Mathcad @rogrwhereas the special edge model is
created in AutoCAD one.
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Figure 8: Model objects: a) the ground map of thiejrthe 3D model of them

As the example of the application of the algoritBBr reconstruction of the fragment
of the panorama painting is presented (Fig.9a,9b).
a) b)

Figure 9: a) Given fragment of panorama image[#]lire 3D edge model of the panorama
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Conclusions

The study was motivated by the general questiow, imach geometrical relations can help in
some kind of reconstruction or 3D recovery from $iggle panoramic image. Due to the fact
that, panoramic paintings were prepared with a tgrpeecision, every panoramic
representation is submitted to geometrical rulgmnding that kind of mapping. It enables
finding graphical connection between the object tnadflat panoramic image of it, displayed
in the unrolled background. Next, it is useful festablishing an analytical algorithm for
drawing missing lines of the unrolled panoramayal as in preparing 3D model of it. 3D
reconstruction on the base of the single panoramégye is possible, however, only in case,
when the shape and the ground map of the presebjedts can be establish. The presented
examples of the application of the algorithm, aliiio simple ones, permit to state it works
well in Mathcad program. However, it can be implated in any graphical package to make
reconstruction more efficient.
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GEOMETRYCZNE ASPEKTY REKONSTRUKCJI PANORAMY
CYLINDRYCZNEJ

Artykut jest nawizaniem do wczmiejszych rozwaan autora dotycgrych konstrukcji
panoram walcowych. Przedstawia geometryczne poéejprzy tworzeniu algorytmow
pozwalajcych na komputerowe wspomaganie przy rekonstriddejpbiektu przedstawionego
na obrazie panoramicznym, ktérego model przestszeimjest dany. Algorytmy tworzy esiv
programie Mathcad, a naphie mog by¢ one zastosowane w programie AutoCAD lub
dowolnym programie graficznym, co zaksza efektywné¢ rekonstrukcji. W artykule
pokazuje si przyklady zastosowania algorytmu.



