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0.2This do
ument 
ontains s
reen dumps and 
omments written during a session withthe program pozwalaj, one of the demonstration programs of the pa
kage BSTools.During this session a blending surfa
e has been designed, using the intera
tive toolsof the program and one of the built in shape optimization pro
edures for su
hsurfa
es.The exe
utable �le, pozwalaj, by default is lo
ated in the dire
torybstools-0.27/demo/bin/where there is also the �le pozwalaj_pro
, 
ontaining the shape optimizationpro
edures; as the 
omputations may take a long time, they are performed in-dependently of the intera
tion provided by the main exe
utable �le. The programpozwalaj_pro
 is supposed to be exe
uted only when invoked by the programpozwalaj (and run from the 
ommand line it will immediately terminate).After invoking, the program displays two windows (some XWindow managersmay pla
e them initially in su
h a way that one window obs
ures the other one). The�rst window displays the geometri
 data (
urves, surfa
es and their 
ontrol polygonsand meshes). If 3D obje
ts are displayed, the geometry window is divided into fourareas. Three of them show orthogonal proje
tions of the geometri
 obje
ts onto the
xz, yz and xy planes, and one (lower right) shows a perspe
tive proje
tion. A usermay 
hange the proje
tion 
entre by moving the 
ursor into this area, pressing theleft button and moving the 
ursor.



0.3One of the geometri
 obje
ts (
urves or surfa
es, none are present at the begin-ning of program exe
ution) is distinguished as 
urrent. The se
ond window allowsthe user to make a
tions spe
i�
 for the 
urrent obje
t, via menus spe
i�
 for thatobje
t. After 
li
king the button labelled Obje
ts and then New in the popupmenu, the window looks like this:

Then, after 
li
king the button B-spline mesh and then Add in yet anotherpopup, the program 
reates a new obje
t, whi
h is a spline surfa
e represented bya mesh. Initially this mesh has one fa
et with four verti
es and edges.After 
li
king the buttons Data and 
ube , we 
hoose a mesh, whose fa
etsform the boundary of a 
ube; the length of its edges is 2. Then 
li
king the Editbutton returns to the menu making it possible to edit the mesh topology. Resizingthe window (making it slightly higher) 
auses all widgets of this menu to �t in.



0.4With the 
ursor ba
k in the �rst window, on the obje
t images, typing F makesthe program �nd a bounding 
ube of the obje
t and �t it in the visible area.Now we edit the mesh. In the se
ond window, 
li
k twi
e (using the left mousebutton) the green widget labelled fa
et (to de
rease the number, use the rightbutton, also the mouse wheel works here). This will distinguish the fa
et number 1,whi
h will be displayed as follows:

In the se
ond window, 
li
k the double edges button. This exe
utes the Eule-rian operation, whi
h produ
es four new fa
ets surrounding the distinguished fa
et.The new fa
ets are quadrangular, but they are degenerated to line segments.



0.5In the �rst window, 
li
k the Transform button. Then, using the text editingwidgets (the blue ones, they are a
tivated by 
li
king on them, and dea
tivated by
li
king aside), type in the 
oordinates of the referen
e ve
tor [0, −1, 0], and then
li
k the translate button. Then, in the se
ond window, 
li
k double edges andin the �rst window 
li
k translate again. Then 
li
k the remove button belowthe fa
et number widget. The window now looks as follows:



0.6 After removing the fa
et, another fa
et be
ame number 1. We 
li
k the buttondouble edges , then in the �rst window we enter the referen
e ve
tor [1, 0, 0] and
li
k translate , we double edges and translate on
e more and again we remove thefa
et. After removing it, we double the edges of the new fa
et number one, translateits verti
es by the ve
tor [0, 1, 0], again we double and translate and remove thefa
et. For the fourth fa
et, whi
h be
ame number 1, twi
e we double the edges andtranslate the verti
es by the ve
tor [−1, 0, 0], then we remove the fa
et. The resultis shown on the next pi
ture:



0.7The mesh has now four 
losed boundaries, ea
h formed by four edges adja
entto the removed fa
ets. Now, in the se
ond window, we 
li
k the re�ne button. Itinvokes the pro
edure implementing the mesh re�nement operator, the 
ompositionof mesh doubling followed by three averaging operations (a
tually, the number ofaveragings is the surfa
e degree, 3 by default). Here is what we obtain:

The light grey lines are 
onstant parameter 
urves of the bi
ubi
 pat
hes, 
or-responding to the regular elements of the surfa
e domain. The binoni
 pat
hes,represented by spe
ial elements of the mesh, are drawn in light blue. For 
onve-nien
e, we may 
li
k the View button in the se
ond window and turn o� (by
li
king) the swit
hes whi
h 
ontrol displaying the surfa
e (i.e. the bi
ubi
 pat
hes)and the hole �lling (binoni
 pat
hes), thus leaving only the mesh verti
es and edgeson the pi
ture.We are going to obtain a blending surfa
e, whi
h is a jun
tion of two 
rossing
ylindri
 tubes. Of 
ourse, bi
ubi
 splines 
annot represent 
ylinders of revolutionexa
tly, but if the mesh is dense enough and the verti
es are lo
ated on a 
ylinder ofrevolution, the spline surfa
e may approximate a 
ylinder with an arbitrarily smallerror. Therefore in the next step the mesh verti
es will be proje
ted onto 
ylinders.Here is the method: 
li
k the Edit button in the top menu of the �rst window.Then 
li
k the mark/unmark swit
h to turn it on. Now move the 
ursor to one ofthe obje
t image windows. Verti
es may be marked individually by 
li
king with



0.8the left mouse button and unmarked by 
li
king with the right button. Also itis possible to press the button, move the 
ursor and release the button in orderto mark or unmark all verti
es in the re
tangular area indi
ated by this mousemovement.The marking of ea
h vertex 
onsists of �ve bits. They may be sele
ted formanipulating by �ve swit
hes just below the mark/unmark swit
h. We pro
esstwo groups of verti
es, so we need two bits. At �rst we mark the verti
es shownbelow (the marked verti
es are red):



0.9Then we 
li
k the Transform button. There we have the 
oordinates of thereferen
e point [0, 0, 0] and referen
e ve
tor [−1, 0, 0], whi
h determine the axis ofthe 
ylinder, and radius 1. Cli
king the proje
t on 
ylinder button makes theprogram proje
t all the marked verti
es on this 
ylinder. Then we 
li
k Editagain, and 
hoose the se
ond bit to mark/unmark (and we turn o� swit
hing the�rst bit). We mark the se
ond set of verti
es, then we 
li
k Transform , we enterthe referen
e ve
tor (dire
tion of the 
ylinder axis) [0, 1, 0] and again we proje
t theverti
es on the se
ond 
ylinder. The result is as on the pi
ture:



0.10Now we 
li
k the Edit button in the se
ond window and then re�ne . There�nement 
lears any vertex marking, therefore we go to the �rst window and in thesimilar way we mark the verti
es and then we proje
t them onto two 
ylinders, butthis time we 
hoose the 
ylinder radius 0.9267795297. After proje
ting the verti
eswe may inspe
t the surfa
e. To do this, we 
li
k the View button in the se
ondwindow, where we turn on displaying the surfa
e and pat
hes �lling the holes init. Then in the �rst window we 
li
k the button labelled Pi
ture , then shape f. ,and we may 
hoose the shape fun
tion to visualise. Cli
king render starts therendering pro
ess (whi
h is ray tra
ing). An image of mean 
urvature obtained inthis way is as follows:

Time to optimise the surfa
e shape. To do this, we need both marked bits tobe sele
ted in the editing menu, as the 
onstraints, whi
h we want, are imposedby �xing all verti
es having one of the 
urrently sele
ted bits set. The boundaryverti
es (whi
h we also marked in order to proje
t them on the 
ylinders) are always�xed for the optimization pro
edure.



0.11In the se
ond window we 
li
k Options and then we turn on the blendingswit
h. Then we turn on the swit
h labelled 
onstraints . Here is, how the se
ondwindow should look:



0.12Now we 
li
k the optimize button. Some data are written out in the terminal,from whi
h the program has been invoked. Intermediate results (after subsequentiterations of the optimization pro
edure) are displayed in the �rst window, and theuser may still intera
t, e.g. in order to look at these results from di�erent sides(this is useful during the optimization of surfa
es represented by meshes with largenumbers of verti
es). The 
omputations on a PC with 3.0GHz Intel Core 2 pro
essortook less than 20 se
onds, after whi
h we may render the surfa
e again. To obtaina bigger pi
ture, before doing that we may move the 
ursor to the perspe
tive imagearea and type S . The result is the following:

So far, it is the only existing do
umentation of the program pozwalaj. A de-tailed des
ription of all widgets et
. is yet to be written, whi
h is a tough job,espe
ially as the program may (and will) 
ontinuously 
hange. Any reader of thisdo
ument is en
ouraged to 
onta
t the author (i.e. me), ask questions and give
omments. This 
ould really help.Przemysªaw Ki
iak


