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Abstract

Nikitin LN., Talanov V.V. On Drawing Complicated 3D Surfaces: IHEP Freprint 94-23. -
Protvino, 1994. - p. 10, figs. 6, refs.: 15.

The problem of constructing images of complicated 3D surfaces — world sheets of strings
is considered. The world sheet representation in tle forra of a frame of points determined with
a specified supporting curve is described. The pictures of the world sheets of free string are
constructed using various graphical techuologies.
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INTRODUCTION

The necessity of creating complicated 3D surifaces’ graphical representations
often arises in various problems of mathematical and physical sciences. For
example one can consider the works presented at Visualization '93 International
Conference [1] dealing with the visualization.of flow fields, molecular surfaces,
wave functions, etc.

This work presents the technique of ccnstructing images of the surfaces
called world sheets of strings. World sheets of strings are complicated objects in
the Minkowski space [2] and we need their comprehensive visual representation
for their study. To obtain the desired possibility to create and easily handle
“realistic’ 3D images we have chosen PHIGS for our purposes. PHIGS —
Programmer’s Hierarhical Interactive Graphics System — is the term used
to refer to the super set of PHIGS Classic [3] and PHIGS-PLUS [4], (5] an
ANSI&ISO standard for 3D graphics which is now as widespread as GKS [6].
We used the highest version of its implementation available for us now —- DEC
PHIGS version 2.1 [7].

The description of the physical object of study — world sheet of string —
will be given in section 1. Section 2 is devoted to a brief introduction to the
image constructing technology used in PHIGS. The technique of the obtained
image manipulating for its studying will be discussed in Section 3 and the results
of the work will be presented in last Section 4 as well as notes on possible ways
of future studies.

1. PHYSICAL OBJECT OF THE STUDY

World sheets of strings with which string theory deals are surfaces of extreme
area in the 4-dimensional Minkowski space. Such surfaces have singularities that



do not disappear in small deformations of surface {8}, [9]. Those singularities
have a form of kinks, propagating on the string with the velocity of light.
Visualization of world sheets can be very useful for the studies of singularities.

World sheets of free strings can be classified by their topological type : open,
closed, Y-shaped, etc. The world sheet of an open string can be obtaired by
mapping an infinite band into the Minkowski space, of a ciosed string — by
mapping an infinite cylinder, of Y-shaped string — by mapping three infinite
bands glued together along one edge. The requirement of extreme area gives a
unique geometrical description of construction for every type of world sheets.
For example, an open string of the world sheet can be represented by the ge-
ometrical place of the middles of segments, connecting every possible pairs of
points on some supporting curve! [10], [11].

Such representation was used to produce initial data for further surface
drawing. A vector-function @,(0), # =0,1,2,3 was defined, whose Minkowski
square meets the requirement:

@ =Q¢-Q*=0. (1)

This vector-function defines a supporting curve? The coordinates of a point oz
the world sheet are found as

£4(01,2) = 3(Qu(e1) + Qu(oa)). @

It can easily be noted that there are such transformations of parameters (o1, 03)
that do not change z,(01,02)*

01 > 09,
oy — 01+ 2w, g9 — 09 — 2. (3)

All this means that the surface defined by equation (2) multiply covers
itself. Each point of it has infinite multiplicity: if we shift one point that
lays on supporting curve N periods and another point by N periods towards
the opposite side, the middle of the segment conuecting those two points will
not shift. It is sufficient to construct only one layer of this multilayer sarface
(physically it is the very layer that represent the world sheet of the string).
Let’s limit the parameters (o3, 09) range :

oy < o3 <a1+2n. 4)

1See figure 1, illustrating this representation and the procedure described further.

2For linear string it will be Q (o) = (o, cosa, sing, 0).

3Supporting curve is a periodical one and we will represent it with such function @,(c) that changes
on the period of a supporting curve 2P, when o changes 27. Then in translation (3.2) first term in
(2) will be shifted by period to one side and second term — to the another and z, woun’t change.



This band and its image in transformations (3) have nc common points (except
boundaries) that’s why in the band (4) there are not any two points to which
corresponds the same point on world sheet. Besides this multiply applying
transformations (3) to band (4) one can cover the whole plane (o1,03;. So
every point on world sheet can be represented by a point in band (4) and the
world sheet is represented by band (4) one-to-one.

The edges of world sheet correspond to the boundaries of band (4). The
edge oy == 07 coincides with a supporting curve, the edge 02 = 01 + 27 is a
sapporting curve shifted by a half of a period F,. Worid sheet 1s stretched cn
those two curves and is a periodical surface with a period equal to 2F,.

We'll deal with a part of this surface. Let’s choose an interval {0,T] on the
axis of parameter ¢, and divide this interval into m parts and interval [0, 27]
into n parts. The coordinates of the points in the krots of such frame

a1 i
T = g(Qu(‘;ﬁT) + Q,,(ET + EQT)) {5;

will consist of the initia! data represencating the physical object of our study.

We can imagine how this complicated surface looks like only in simplest
cases (one can look through earlier works [11],(12], [13}). Creation of various
images of such surfaces will be one of the objectives of our study.

2. IMAGE CONSTRUCTION

PHIGS graphics standard was used for creating images of world sheets of
strings. It was chosen due to its strong graphics feature set. It starts at points
and goes tp through NURBS — non-uniform rational B-spline surfaces, a very
general type of parametric surfaces with the ability to assign colors to the po-
sitions on it. Also PHIGS gives the user different technologies for obtaining
“realistic” 3D images, such as hidden lines’ removal algorithms, lighting and
shading depending on the propertics of drawn areas and active light sources,
depth cueing, semi-transparent surfaces etc. A very helpful feature of PHIGS,
in which it differs from GKS, is a possibility of image manipnlation after it
creation. All output primitives with their attributes in PHIGS are stored in
hierarhically ordered structures and may be objects of future deleting or chang-
ing, while in GKS output primitives are displayed “once and forever”. This
fact gives the vser an opportunity to investigate a created image with the set
of standard simple methods.

Below we concisely present the process of creating an imnage in PHIGS for
later discussion of image manipulating methods. For more detailes refer to, for
example, [14].

w



The initial data, describing the physical object, was supplied in the form of
a frame of world sheet of string — m x n set of voints in 3D space in the coordi-
nate system called Modelling Coordinates {MC). The data are then mapped into
distinguished World Coordinate System (WC) via defining modelling transfor-
mation as a sequence of rotation, translation and scaling along each coordinate
(x,,2). Then take place the effects of object lighting and shading depending
on object and active light source properties.

Once the object is mapped into WC it is necessary to define how it is viewed
by the observer. It is made by defining the viewing transformation from WC into
Normalized Projection Coordinates (NPC). NPC space ranges from { 0,0,0 }
to {1,1,1 }, while WC space may have arbitrary boundaries. Mutual position
of the object and observer is specified by defining in WC a projection plane (in
the form of a pair of vectors and a point, simultaneously new coordinate system
is being defined — View Reference Coordinates, in which are specified all the
rest points) and an eye-point — point, from which the observer is viewing
the object. The mapping of the object from WC into NPC is controlled by
specifying the view volume in WC and volume in NPC space corresponding to
it. Then depth cueing®and face culling occur.

The process of creating 2D image on some screen from 3D data is ended
by workstation transformation from NPC to a drawable coordinate system.
It is specified by defining a 3D viewport in NPC and its corresponding 2D
workstation window and is followed by approximation of pixels’ colors.

3. IMAGE MANIPULATION

As it has already been mentioned above all PHIGS output primitives with
drawn area properties and view definitions may be objects of a consequent ma-
nipulation. Operations that can be done on created image can be conditionally
divided into two classes. The first oue consists of actions that do not change
the image orientation and position, such as changing various area properties —
color, transparency, ambient, diffuse and specular reflection coefficients and so
on. Special attention should be payed to the work with light sources, on whose
properties lighting and shading of the object depend. Several types of light
sources are defined in PHIGS: ambient light source, source of directional light,
point light source and a source in the form of a light spot. By activating and/or
deactivating light sources one can obtain the desired lighting of the parts of the
studied object.

“We did not use this technique because we have no color printer at hand while, the black- and
white-one gives poor effects.



The second class consists of actions that enable one to look at the object from
different sides and points of view. In the process of image creating, described in
Section 2, the image positioning takes place twice. The first object defined in
MC is positioned in WC via modelling transforraation. Varying the parameters
of the modelling transformation, one can rotate and translate the object while
light sources and point of view remain immovable. Then positioning takes place
while mapping the object from WC intc NPC. This time object is orientated
relatively to the fixed point of view. Varying the coordinates of the eye-point
and the parameters of the projection plane one can look at the object from
different points of view® A detailed discassion of what may happen during
such actions can be found in, for example, (15]. We used both ways of image
manipulating to study our objects.

4. OBTAINED RESULTS AND FUTURE RESEARCH

The results of the study are presented on Figs.2-6. A representation of
the world sheet of string with a surface constructed on a set of points (2) was
found very suitable considering the future directions of work. As it was shown
such world sheet of string representation was obtained with a simple procedure
using the supporting curve specification as initial info. So one can consider
special output primitive that represents 3D surface and is defined by a curve
parametrizied in some way to reduce the amount of input data necessary for the
image construction. Besides this, a surface specified in such way has a number
of features that are useful for its visualization. For example, taking into account
the presented procedure of finding a point on the world sheet one can see how
easily a normal vector to this surface can be found. This feature may help
to optimize the method used for the surface lighting and shading because the
determination of a normal in a poirt of surface is its significant part.

It should be noted that we have concentrated our efforts on drawing only the
world sheets of free strings. The topological type of string is known to change
in the processes of fision and fusion of the string [12]. Such world sheets have
branches. So of special interest is the study of processes mentioned above in
their dynamics. It can be done by drawirg the world sheet projections from the
4D Minkowski space to 3D space through sectioning by constant time planes.
World sheet section by constant time plane in the Minkowski space gives a
string at that instant of time. This section is a curve in 3D space. The surface

®Imagine that you are looking at a small cube under » table lamp. You can rotate the cube under

the lamp to light its different sides or move your head to look on it from up or down -- two ways
described above.



spanned by that curve during its motion is a projection of world sheet to 3D
space® Creating the sequences of such sections in time-like sequences of the film
(time scanning) one can study the motion of string, fission and fusion processes,
creation/annihilation and movement of singularities on the string. Such a film
as a representation of the world sheet of string can most adequately fit the
needs of physical problem.

Acknowledgements

We would like to express our gratitude to professor Stanislav V. Klimenko
and also to professor Georgy P. Pron’ko for permanent guidance, critical reading
of the manuscript and many useful discussions. We also would like to thank
Dmitry Mironov, Sergey Sadilov and the whole IHEP program support group
for their goodwill to software users. Special thanks to Yury Tchernousko who
helped us many times during the preparation of the English variant of this
paper.

]t has the sence similar to the trajectory of particle.



Fig.1. .

Fig. 2.
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It is an illustration to the procedure of creating the representation of world sheet
of string in the form of a set of points. Numbers on the figure correspond to: -
supporting curve Q,(o) — one edge of the world sheet; [2]and [3]- points on supporting
curve corresponding to two different values o, and 02; ~ the middle of segment
connecting points Q(o;) and Q(a;) — the point on the world sheet and the knot in the
frame; |5) and |6] - points corresponding to Qo) and Q(o + 27) respectively; [7] - the
middle of segment connecting these two points; @ - the curve that consists of the points
obtained similar to [7] — it is supporting curve shifted on a half of its period 2P,, the
another edge of the world sheet. The box in which these two curves are enclosed here
and further is the one that bounds the frame {=i}.

The simplest picture of the world sheet of linear string: the segments [¢%7, z/+1],
N R P T i =1 m— 1,j=1,...,n — 1 connecting the points of
frame are drawn. One can see that the parts of this surface are partially overlapping

in view but it is hard io understand its exact shape and the style of its deformations.



Fig. 3.

Fig. 4.

This picture was drawn similar to Fig.2 (the points of frame are connected with seg-
ments) except that we set the distinguishing of front and back planes of the surface,
drawing them in different colors. Two planes of ihe surface were distinguished accord-
ing to following condition: if a scalar product of 7@ and ¥ (where 7 is a normal vector
to a facet on plane, calculated according to clockwise or counterclockwise rule, and 7
is a vector from facet to the eye-point) is greater than zero, the plane is front or back
in the opposite case. It can be seen how the surfacc is twisted in horizontal direction
(the axis of first coordinate p == 0, which ic physically the time) and where we are
observing front or back plane of it.

To determine the shape of the surface we filled the areas between the segments, con-
necting points of frame. Front and back planes of the surface are still drawn in different
colors but cow they look like ordinary 2D planar objects. It is due to the fact that
now only one light source of ambient type is activated. It uniformly lights over all
parts of the surface so both more and less distant parts of the surface have the same
color.



Fig. 5.

Fig. 6.

Final picture — at last the directional light source that lights inside the bounding
box from its front plane (we tried different directions of light and have found this the
most suitable) is activated. Also the necessary surface properties are set such as the
ambient, diffuse and specular coefficients of light reflection as well as the reflectance
equation for the surface is specified.

One additional picture. Here usicg all the techniques described above we presentate
the world sheet of free string with a kink on it. Sample supporting curve that specifies
such world sheet is: Qu(0) = (0 + $sino, 1sin20 + Z(3sindc + sino), —icos20 —
%(1c2s30 + cos0),0), a = 0.5. Bold line on the picture is the line along which kink is
propagating on the surface. We consider such world sheets as the objects of our future
study.
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