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Figure 1: Step 1 - Fifty design cuts on four pieces of 100 cm long by 25 
cm wide paper.

With the appearance of NURBS (Non-Uniform Rational 
B-Spline) computer modeling, designers are allowed 
to create forms more freely and organically.  Because 
of this freedom, the operator of NURBS must be more 
sensitive to three-dimensional ideas, in contrast to 
more traditional orthogonal geometry. For example, in 
form•Z, there are basically five methods for construct-
ing a NURBS surface and, together with other com-
mands, students should be able to understand the basic 
principles of NURBS after about two or three hours of 
instruction.  However, when the students had to start 
designing with NURBS, they felt a little bit at a loss as 
to where to start. Facing this new digital design product, 
we prepared the content and operational procedures of 
the design studio for our senior students in the Depart-
ment of Architecture. We built a physical model first, 
and then we simulated the model with NURBS. Then, 
by analyzing the physical and computer models and 
also the principles of transformation, we designed a 
pavilion. This entire process allowed us to use digital 
media to explore the German theorist Gottfried Sem-
per’s architectural theory of space for the possibility of 
rational weaving.

Design process

This was the theme for the whole 2009 spring semes-
ter for eight senior students in the Digital Architecture 
studio in the Department of Architecture at Tamkang 
University. It took place over about 16 weeks, with 5 to 
10 days to finish each step. The class was held from 2 
to 5 pm every Monday and Thursday in the computer 
lab. The students spent eighteen hours practicing the 
computer commands of form•Z, especially NURBS, in 
the beginning of the semester.  

Step 1: Fifty design cuts on four pieces of 100 cm 
long by 25 cm wide paper:
The size of a roll of printer paper is generally 105 cm 
long by 27 cm wide.  After a little cutting, this becomes 
100 by 25 cm, which is a 4 to 1 aspect ratio. This pro-
portion was suitable for the students to experiment with 
different paper transformations before the semester 
started.  Students made cutting lines with 2D computer 
software, and printed them directly onto a roll of paper.  
A 50 cut maximum restriction was placed to prevent 
the generation of shapes in steps 2 and 3 from being 
too complex, which would have made it very difficult to 
work with computer graphics software and do simula-
tion or morphological analysis.  When the students 
finished steps 2 and 3, they mostly changed back to 
the original graphics from step 1 (Figure 1).

Step 2: Single action deformations to four different 
pieces of cut paper:
This step required the students to think of actions they 
could perform on their paper, such as twisting, rolling, 
bending, pulling, stretching, folding and so on, and to 
use these single actions on the four pieces of cut paper 
from step 1 (Figure 2).

Step 3: Multiple action deformations of the four 
pieces of cut paper:
As in step 2, but now we used two to three multiple 
actions to deform the four pieces of cut paper from step 
1. The students photographed the results from steps 
2 and 3. Before taking the photographs we had to fix 
the deformed paper with pins or tape, which caused 
us to spend more time photographing than we initially 
thought we would. We used a digital camera and we 
had to try many angles for each model, sometimes 
needing more than half an hour for one. In spite of this 
there were no complaints about the time we spent for 
the photo shoot, which the students found quite inter-
esting as it allowed them to study the progress of the 
paper deformations (Figure 3).
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Figure 2: Step 2 - Single action deformations to four different pieces of cut paper.

Figure 4: (Top): Step 4 - The paper models simulation from steps 2 and 3 created by form•Z’s Patch and NURBS. 
(Bottom): Step 5 - The paper models simulation from steps 2 and 3 created by form•Z’s Morph, Animation and Extract Animation Tool.

Figure 3: Step 3 - Multiple action deformations of the four pieces of cut paper.

Step 4: The paper models of steps 2 and 3 
re-created with form•Z’s Patch and NURBS:
The students had spent quite enough time 
learning and practicing form•Z and they used 
the Patch and NURBS modeling tools to 
simulate the deformations on physical models 
produced in steps 2 and 3. As expected, there 
were visible differences between the physi-
cal and computer models. One was made 
by hand and the other was cut and pulled by 
a mouse. Consequently, we recommended 
that the students try to generally make their 
models similar to each another.  As the saying 
goes, “Pull one hair and you move the whole 
body.” The students had to try to simulate the 
deformations of the physical model for them-
selves. Needless to say there were some 
missed marks (Figure 4).

Step 5: The paper models of steps 2 and 3 
re-created by form•Z’s Morph, Animation, 
and Extract Animation tools:
Some students had a sense of rhythm when 
cutting the lines on the paper. So we found 
that we could use Morph and Animation to 
simulate part of the deformation and, by us-
ing commands in the Extract Animation tool 
to call out the Key Frames in Animation, we 
could also simulate part of the paper deforma-
tion (Figure 4).
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Step 6: Hand-made typology analysis of steps 2 and 3:
The students had to identify four groups of key units 
from steps 1 through 5. Through typological analysis, 
they had to first hand-draw four types of possible defor-
mation planes, and next to draw a two directional façade 
and perspective chart, and then to also draw an analysis 
diagram with a 2D computer software (Figure 5).

Figure 5: Step 6 - Hand-made typology analysis of steps 2 and 3.

Figure 6: Step 7 - According to the analysis in step 6, find two interesting strip units to design semi-tubular, tubular and curved surface walls.

Step 7: According to the analysis in step 6, find 
two interesting strip units to design semi-tubular, 
tubular, and curved surface walls:
We applied step 6’s units of semi-tubular, tubular, and 
curved sides to the wall designs. These walls had an 
aspect ratio of about 4:1. This step focused on the de-
sign and application of the strip units (Figure 6).
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Figure 7: Step 8 - According to the analysis of step 6, find two interesting slice units to design semi-tubular, tubular and curved surface walls.

Step 8: According to the analysis of step 6, find 
two interesting slice units to design semi-tubular, 
tubular, and curved surface walls:
Similar to step 7, the focus in step 8 was on finding in-
teresting slice units and the possible deformation rules 
(Figure 7).

Step 9: Mid-term review:
After discussions with students about the size of their 
drawings for the mid-term review, we agreed on a pa-
per size of 100 x 25 cm. Therefore, the students could 
extend their aesthetics from the previous steps to their 
graphic design.

Figure 8: Step 10 - According to the analysis in step 6, design a piece of clothing.

Step 10: According to the analysis in step 6, design 
a piece of clothing:
After the mid-term exam, we wanted to provide a break 
or relief from the earlier exercise, so we asked them 
to design and cut a piece of clothing according to their 
previous operational experience. There were six female 
students and two males, which is why clothing design 
was included.  Students lacked confidence in their first 
attempt at fashion design and only wore their designs 
for a short time at their final presentation.

Step 11: Understanding works of digital architecture:
Because of the development of the internet, it is not 
hard for the students to find works of art, so we re-
quested they find works by four digital designers or four 
groups of digital designers, to discuss.

Step 12: Choose a project from an interesting artist, 
designer or architect to learn from and understand:
In the previous steps, we had bottom-up discussions 
about surface deformations and deformational rules, so 
we recommended that the students integrate their pre-
vious steps by finding conceptual similarities between 
their projects and works of other artists, designers, or 
architects. The co-author of this article considered that 
her analysis may share similar concepts with those of 
M. C. Escher. Therefore, she studied Escher’s projects 
and used Escher’s rules in the design of her pavilion’s 
epidermal pattern.
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Figure 10: Step 13 - Computer Models for the draft design of the Pavilion. 

Figure 11: Step 14 - Researching the pattern of the pavilion’s surfaces. 

Figure 9: Step 12 - Understanding works of M. C. Escher.
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Figure 12: Plans and Elevations of the Pavilion.

Figure 14: Perspectives of the Pavilion.

Figure 13: Sections of the Pavilion.
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Step 13: Draft design for the pavilion:
In this step, architectural design began. The base was 
located in a park next to the Taipei Museum of Modern 
Art, the venue for the 2010 Taipei International Flower 
Expo, and had an area of about 40 square meters. The 
students designed their projects to go along with the 
Flower Expo, in order to highlight the complexity of the 
weaving patterns for plants. Students continued the 
previous steps and started researching on the comput-
er to explore different architectural possibilities for the 
body of the pavilion (Figure 10).

Step 14: Researching the pattern of the surfaces: 
Students continued their research from step 12, and 
started to research how to weave the pattern for the 
pavilion’s surfaces from the plane and combine it with a 
structural system (Figure 11). 

Step 15: Graphic designing of the pavilion’s surfaces:
There was some difficulty in covering all the various 
patterns on the NURBS surface, so we used a com-
mand, Flow Along Surface, from another software to do 
it (Figures 12, 13, and 14).

Step 16: Making the actual 3D printer models:
Since the resulting NURBS modeling could not be pro-
duced by hand in a short time, in the end, the students 
completed 10 by 10 cm 3D printer models (Figure 15).

Step 17: Final review:
When the students reached their final reviews, they 
published their work onto 100 by 25 cm layouts. It 
would have been impossible to complete projects of 
such quality and quantity by hand.

Conclusion

The whole program was organized uniformly and you 
can say it was very formal compared to other studios 
in the same category. However, thanks to these par-
ticular arrangements, students in the studio were able 
to keep on schedule. They were less likely to have 
pressure and anxiety about the deadlines. The students 
formed good relationships, learned from each other, 
and discussed how to make computer models. At the 
end, the projects had differences, but the differences 
were not significant. Whether the overly identical steps 
we imposed restricted the students from employing 
their creativity, remains to be seen. We shall have to 
do some more design experimentation in order to be 
able to answer this question. Specifically, designing 
with form•Z was warm and friendly and we should not 
ignore the power of the digital design media. As educa-
tors, we had only thought about the design process in 
the beginning. As the courses progressed, steps not 
originally planned were added, which, coupled with 
the mid-term and final reviews, made up a 16 week 
course. The lack of a discussion about the structure 
and construction of the students’ final work is probably 
what we should improve in similar courses in the future. 
Overall, this was a fun semester for both the students 
and the teachers. The volume of work was just right 
and we all learned new technologies and methods for 
exploring the construction of patterns in NURBS, which 
was the intended learning process and was well worth 
the effort.
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Figure 15: Step 16 - Making the actual 3D printer models.
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