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they are piercing the entrance slab and founded in some concrete below.

Caps are circular, presumably made of the same material and with the same finish as the columns. 
Some variants were investigating shape of the caps, though eventually simple planar one seemed best. 
When using the carbon fibre, columns could be probably advantageously manufactured with caps in 
one piece.

Around the caps, there was meant to be a rim-like belt, which would help fixing the fabric onto the 
caps. It’s shown in Grasshopper under the name ‘frame‘.

Some ideas primarily enriched the design of the canopy, but when introducing it to the whole project, 
ideas were slightly changed as they concerned rather separate use of the canopy.

To make the design more sustainable-looking, a grass field was proposed beneath the canopy. There 
would be probably sufficient amount of light under a properly chosen fabric and the water would be 
brought through the columns into some layer of soil included in the base of the canopy. Rainwater is 
naturally led into the lower parts of the fabric, where the caps work like inlets, being also cone-shaped 
(unlike the aesthetic decision mentioned above) and are taking the water into hollow columns and 
therefore could water the grass. Effect of this design would be augmented when used on a place where 
there is no grass, like on city squares.

Evidently, there is no grass field in front of the entrance of the final building, but water draining 
capability has remained as the water is led through shorter hollow columns into the ditch. Also the 
cone-shaped lower caps are visible in final renders [32, 33].

Another idea concerns providing light during evenings. The upper caps, not used for water draining, are 
provided with PV panels and some electricity accumulation system is also included. The bottom side 
of these caps incorporates e.g. some LEDs which start shining by nightfall. The shape of adjacent fabric 
serves as light reflector and refractor and can prevent dazzling unlike when used for the lower caps. 
Another variant was to substitute this system with a luminiscent material which would accumulate 
some heat energy during the day and release it then in form of light. So in the end, all of the caps have 
some special usage.

SCRIPT DESCRIPTION

This part of the script consists of 313 functional elements, though during development of the geometry 
I used more than 600 of them before realizing possibilities how to reduce it significantly. I’ve definitely 
learned a lot thanks to this assignment. Mostly problematic for me was handling of lists and trees of 
data which caused some most time-consuming issues.

As usually, the script starts with the cyan control panel on the left, where UV surface division, diameter 
of caps, thicknesses and heights are set.

Generation of base surface of the canopy is part of the previous part of the script - for main volume, 
it’s called ‘umbrella’ in there. This geometry is taken with a data receiver ‘surface to be mapped‘ and 
proceeds through surface division containing Divide Domain2, Isotrim and Brep Components elements.

Vertices of the exploded geometry are then sorted in series of quite complicated steps [25], because 
the geometry of Shoen GW surface is based on specific points in triangular grid. At first, with List 
Item the single subsequent corners are obtained which then undergo further selection. There are 

23 One of the unsuccessful structural variants

24 Preview of the script that is dedicated to canopy generation
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more ways how to do it, I eventually decided to use DotNET VB Script to create a boolean pattern for 
culling of the lists of points with Cull Pattern element. There is one VB script for sorting in rows (U) and 
then another one for doing so in lines (V). Through this process, none of redundant points can pass, 
including the ones that are discarded when defining the triangular grid on the former quadrangular 
one. With this complicated sorting, branched structure is obtained, which can be put into three sorts of 
points (upper, middle and lower points of canopy) and two groups (odd and even parts of the fabric), 
which go separated into the next step where the geometry is actually generated.

The further definition became quite complicated and hard to understand, it creates fabric of the canopy 
[26]. There are many vectors, planes and additional points defined to achieve the look resembling the 
minimal surface. Two of these scripts are made, one for even [26, light surface] and second for odd [26, 
dark surface] parts of the fabric. I didn’t manage to unite these, though the scripts are almost identical, 
they vary just in some vector directions.

At first, there are the vectors between given points obtained with Vector 2Pt and also normal vectors of 
the surface for each point are gained with Surface CP and Evaluate Surface tools. Then some points are 
moved in proper direction along a normal vector - to create the lower and upper tips of the surface, 
where there the caps are placed later. For this, a function of three variables F3 worked well, while taking 
coordinates of former point and adding it to dimensions of normal vector multiplied by depth of the 
canopy set in control panel.

Attractor-like behaviour is defined in group of elements called ‘attractor behaviour‘ [27], where function 
of three variables calculates the proper size of caps according to their distance to some attracting 
points and two extreme values that are set in control panel. After some considerations and variants, 
the formula looks like y+z*x/35 where x stands for the distance from attractor point, y for minimal 
cap radius and z is the maximal cap radius. I avoided using another variable for the denominator, the 
number 35 stands for the approximately largest distance in the set of evaluated points. Eventually two 
of the base surface vertices are used as attractors, their definition is right next from the definition of the 
surface in the upper part of the whole script.

The tip points then undergo another translation, thus in a way perpendicular to the normal vector of 
surface to place themselves on the edges of future caps [26, points 0, 3]. Definition of this direction 
is fairly complex and includes elements of Plane, Plane Normal, Plane / Plane and vector Multiplication. 
The first plane defined by vector between 2 base points and the normal vector is intersected with 
plane defined only by normal vector and the resulting line is used as translation vector after being 
multiplied by adequate radius of cap from the ‘attractor behaviour’. Then the points are moved with 
simple Move tool. This procedure is repeated four times - two times for lower tip, two times for upper 
tip as the geometry part is triangular.

The third point of this triangle is still unmoved [26, point 1], being the midpoint. Further on, there are 
some vectors around this point defined to bring some smoothness between individual parts of the 
canopy. The process looks the same as in previous paragraph, just the point is not moved, only the 
vectors in normal plane are set.

Similar calculations are made for the point opposite in triangle to the middle point - between the two 
tip points [26, point 2]. Groups of elements called ‘average direction in the middle‘ and ‘proper vector for 
the middle‘ were made for this. They proceed some existing hints from other vectors to create its own 
proper normal plane, which should be the same for the neighbouring part of the fabric.

26 Scheme of the canopy fabric geometry (light surface is even part, dark one is odd part of the fabric)

25 Half of the points selection script (for even fabric parts)
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Output of all previous steps are vectors. Some of them are reversed and another ones are obtained 
with Cross Product tool. All of these vectors specify start- and end-directions of curves, which are 
hereby feeding Bezier Span tools [1]. Each triangle is actually split into two triangles, because the 
NURBS surface that is created afterwards can’t have more than 4 outline curves. Whole triangle would 
otherwise have 5 curves [26, curves 0-1, 1-0’, 0’-3’, 3’-3, 3-0], as on both lower and upper tips, there are 
arcs of the caps present.

The DotNET VB Script called ‘nurbs surface’ [28] was already mentioned in previous chapter. It executes 
the 4 given curves [26, curves 0-1, 1-2, 2-3, 3-0] with GetNurbForm and RhUtil.RhinoCreateEdgeSrf 
commands and outputs a NURBS surface. Two of these scripts are used, one for each sub-triangle [26, 
both upper and lower surface].

When the described script is repeated once more for odd fabric parts, generation of additional 
elements of the canopy can proceed [30]. Out of the arc-like curves, surrounding the caps in fabric, the 
actual caps could be made with simple Join Curves and Planar Srf if there weren’t some issues further 
on, presumably caused by imperfections in individual curves linking - not all circles behaved fully 
closed. Moreover the caps on edges of the canopy wouldn’t be circular without another introduced 
script. Therefore the circular curves are analyzed to obtain normal planes and radii, which helps also in 
generating columns, cones and frames around caps afterwards.

Obtaining the circle parameters was achieved in quite unusual way [29], by getting two points on each 
curve with Evaluate Length tool (at 0 and 0.66 of length) and creating Plane Normal perpendicular to 
the curve at given point. The two planes then produced an intersection line with Plane / Plane tool and 
the result was put into Curve CP to determine radius (as the shortest distance between the line and 
start point of the curve.

The actual caps as well as columns have been done with Circle fed by acquired parameters (in case 
of columns the radius was set from control panel), Planar Srf and Extrude. Another issue concerns the 
normals of these planar surfaces as the direction of extrusion has to be set properly and as it differs 
for caps and columns, so pairs of extrusion directions have been made. Moreover the former normal 
directions of a set of caps didn’t match (according to the character of curve which were the parameters 
obtained from) and therefore a Cull Pattern was introduced, which was getting the boolean pattern 
from a Closed element determining the character of the base curve. Its inverted output from Gate Nor 
tool lead into another Cull Pattern element. The Dispatch element could have been used with the same 
result and whole script could have been little simplified as well.

The definition of caps could be also done directly from the selected points and ‘attractor behaviour’, 
but the way I used surprisingly proved less number-of-elements-demanding.

Same set of data has been used to generate so called ‘frames’ around the caps that are supposed to 
work for the fabric attachment [30]. Circles defining the caps were put into the Pipe element to create 
the needed rim, diameter of which is the same as the thickness of caps set in control panel.

One of the least important parts of the design are cones (described as water inlets above) [30]. They 
were made with simple Cone tool fed by similar data as the caps while getting their height as a half 
of the base circle radius. Cones were done for both lower and upper caps, though the upper ones are 
disabled in the end.

30 Canopy structure close-up with visible fabric, columns, cones as well as the rim around caps

29 Obtaining parameters of unclosed curves of caps28 Script for the NURBS surface generation 

27 Attractor behaviour script for each fabric part
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DESIGN SCHEME

FABRIC OF THE MAIN OBJECT

stretched between solid elements
M: ETFE foil or paper-based foil

FABRIC OF THE CANOPY

stretched between circular caps
M: ETFE foil or paper-base foil

POLYGONAL AND CIRCULAR CAPS OF THE MAIN OBJECT

solid elements witch structural performance, attached to 
supporting structure
M: carbon fiber, metal, dimming glass or glass

CAPS OF THE CANOPY

consist of caps, cones and rims for fabric attachment
ability to shine during evenings from the bottom side, PV 
panels on the top, water collecting
M: carbon fiber or metal, PV panels, LEDs

SUPPORTING STRUCTURE, WALLS, PARTITIONS

partitions divide the volume into required rooms
on the lower side are the walls tapered and in form of columns 
connected to the foundations
M: concrete, metal or carbon fiber

COLUMNS OF THE CANOPY

pseudo-randomly ruffled to create dramatic impression of the 
entrance
columns supporting the lower caps are hollow, to drain the 
collected water
M: carbon fiber or metal

ENTRANCE PLATFORM

connected to the supporting structure, spanning from the 
ground to the object over the ditch
M: concrete, metal or carbon fiber

DITCH AND TERRAIN

filled with water to some extent
supports symbolically the military function and helps in HVAC 
systems
location undetermined
M: concrete or large stone plates

31
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CONCLUSION

I’ve taken this assignment quite seriously. Not only because it is my last one in this semester but I had a 
lot of time to work on it and learned therefore a lot in Grasshopper, what was quite pleasant experience. 
The Freeform Design little substitutes my studio project this summer as I wanted to practise designing 
of complex objects, what wasn’t actually aim of my master project in Eindhoven. Though as you can 
read on previous lines, my approach wasn’t really architectural, I’ve rather played with the software and 
followed interesting ideas which rather originated by themselves.

Grasshopper proved to be an impressive tool offering many unknown designing opportunities, but I 
wasn’t impressed any further as the code becomes too unintelligible when it comes to some complex 
composed geometries, there I would prefer some classic written code. Though apparently that’s not 
what is Grasshopper made for and I’m aware of absurdity of my approach.

Although I liked the visuals of some scripted architecture designs, I wasn’t big fan of digital architecture, 
because many of such proposals seemed like humble experimenting with available technologies, 
where the form doesn’t follow function that much (unlike usually stated in project description) and 
the designs often give impression of certain unfeasibility as the authors have just made maximally 
unexpected forms.

But generative design can be obviously really valuable tool and especially the possibilities concerning 
manufacturing of some scripted structural elements are something I’d like to give some more attention 
in the future.

PAVILION OF WAR AND PEACE

MADE IN GRASSHOPPER
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