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Discrete design offers a participatory framework for collective production, placing at the centre the
design of open-ended tectonic systems that encapsulate knowledge.
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Introduction

Challenge

The advent of artificial intelligence in the era of ubiquitous computation also influences
the disciplines of architecture, engineering, construction, and operation (AECO) as a part
of revolutionizing Industry 4.0. The newly developed intelligent methods of assembly,
robotic production, and advanced digital fabrication techniques require serious attention
from designers, even in the early design stages. The digital production process affects the
product's design itself. However, strictly digital processes sometimes neglect human creative
skills, craft abilities, authorship, and creativity. Therefore, “Co-intelligent Assemblies”
investigates how we can employ human designers’ creativity, intelligence, and skills in
design and production processes with the support of design computation and artificial
intelligence into one coherent design workflow. By incorporating the Design for Manufacture
and Assembly method, genetic algorithms, and rules-driven combinatorial spatial
aggregation strategies in one digital workflow, designers can extend design space exploration
with unforeseen outcomes based on unconventional design approaches. Combining bottom-
up generative techniques provided by a machine with intuitive top-down design intents
explored by a human designer yields a robust foundation upon which the architectural space
can be created.

Can architectural space be defined, produced, and delivered through a kit-of-parts system? If
the modular kit-of-part is a product, is architectural space utilizing modular parts a product,
too? How do parts fit together, and how can they make a solid assembly, creating a spatial
quality?
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Project Description

Design Studio Projects:
Design for Manufacture and Assembly

The Design Topics | - the design studio Fall term 2023/2024 at the Institute of Future Human
Habitats Tsinghua SIGS titled “Co-intelligent Assemblies” explored the potential of Design
for Manufacture and Assembly method (DfMA) of production and prototyping for spatial
architectural scenarios creation. The design objective was to create a unique aggregation
of the assembled components into wholes (either in a stochastic mode or in a regular way),
representing spatial intervention and serving as a social space for students in the Tsinghua
SIGS campus (e.g., enclosed space, sitting areas, urban furniture, navigation wall or an
abstract articulation of the existing space or environment).

The students were introduced to various computational design and digital production
techniques to generate spatial configurations based on predesigned components as kits of
parts, following the paradigm of discrete architecture. The architectural spaces are defined
and built out of the building blocks - discrete components (kit-of-parts), easily integrated
into the wholes through sub-assemblies. The advantage of such systems is that they bring
an intuitive notion and understanding of how parts fit together, creating an intriguing
relationship between the individual part and the whole, which is formed of these parts. The
students investigated the logic and component organization computationally, including the
application of Al, specifically genetic algorithms, exploring the part-to-whole relationship and
how parts are involved in the design process with wider consequences (spatial, relational, or
environmental).
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Design Studio Projects:
Design for Manufacture and Assembly

Following the principle of discreteness of the individual parts assembled into the wholes,
they also focused on aspects of joinery, interlocking mechanisms, and structural properties
of the building material they used, informing their design decisions during the process.

The design deliverables concentrated on design to production processes, articulating spatial
and structural qualities of proposed interventions installed within the Tsinghua SIGS campus.
The design process combined the computational stochastic method of generating scenarios
and a more intuitive designer's top-down approach. The designers-master-builders actively
participated in the production process, negotiating their design intent with the contractor,
similar to the actual practice. This was an application of real-world production conditions in
the academic environment, preparing future architects for the industry.

The interventions were evaluated through structural performance, deliverability,
constructability, spatial attributes, production efficiency, and overall volumetric expression
concerning the existing environment. The build interventions explore how the design-to-
production process can be more efficient and affordable, delivering aesthetically pleasing
spatial outcomes.
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Connection | 485

d Combination Laws

Basic Units T a

Sequence EBERF
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We explored the quadri-partiality and hexagonality of interspersed surfaces through a
discrete design approach to complete the entity construction of a 1:1-scale model of reading
corners. Subsequently, we consider it a growing unit, utilizing digital algorithms to set
parameters and rules to explore morphological organization and re-organization of volumes
at the urban scale.
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Spatial | =g

Circulation %%

Scenario 5
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The foundation, support, roof, and reinforcement parts are combined into a single unit, and
three identical units rotate to construct a complete space. Different heights correspond to
different modes of behavior—staying, sitting, or passing by, providing open spaces for people
on the campus to communicate and interact.
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"Elemental components" symbolize diverse possibilities
through rule-based design, influenced by the scale. Inspired
by the natural concept of "fractals,"” the construction plan
adapts and grows within its environment through the
manipulation of parameters using digital algorithms.
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PLATONIC PLANT WALL
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Using the Platonic geometry of the ortho-octahedron as the basic
unit, a discrete algorithm with a structural kernel algorithm was
used to create a temporary landscape wall for a vacant flower pool
in a school corridor.
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PLATONIC GEOMETRY faHiEJ1{al{A

BB/ e, BS-—EHRLFELZIE, ST NsELEERENESDRNARTS.
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THIR:
Platonic geometry, i.e. each side is a congruent square polygon and each vertex is the
common vertex of the same number of square polygons. Thus Platonic geometries, like
squares, can be used as perfect discrete units. There are five types of Platonic
D geometries, but here we have chosen the ortho-octahedron, which is richer in form, but
not too complex. The use of Platonic geometry as a discrete unit leads to the following
rules:
frufapubtd: &l BSTRLUES —TERTALTS
13 NN FREBAMRTT, . RN
‘ Edge-to-edge Several units can ‘ One unit can be
continuous  in- be combined to cut into several
finite expansion. form larger units. smaller units.

GENERATION PROCESS ZEpid %z

b e y‘% £ '{II = T ” e .=’-':JT
EREEEEY, B ERENER. & H—ERNEE R e R = R, AR E R RIS BN R
There are planters between the Setup awalloflandscaping plantstofill A discrete algorithm is used to fill the
columns, but some of the planters inthe gaps between the planters. cell with set boundaries.

between the columns are vacant.

AWEFLEERERAE. FiKaramba 3D#{TEENEN, HIRFAT BFohEd ERENSRENGE, XA

Algorithms are used to generate multi-  BVAE. #/\EFNES.

ple alternate scenarios. Structural checks were performed with  Then manually modified so that the
Karamba 3D to rule out infeasible solu-  final solution has reasonable forces and
tions. the characteristics of an octahedron.
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UNIT STRUCTURE £{5491E

SSARIR
end block

steel rod and nut

ERIEm

custom steel

connector
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wooden core wooden column and beam
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An octahedral unit consists of a wooden structure in the center
and steel rods. Tension and support is provided by the rods due
to the fall of the wooden beams by gravity and the fact that the
combination of multiple monoliths creates an inclined surface.
The end blocks connect the wooden structure to the rods while
also connecting the individual monoliths.
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The dowels join the sections together. The dowels won't pull
out because the tie rods provide tension. The center wood
box is cut beveled and reassembled, attached to the
baseboard with mosquito nails and glue, and the dowels
also attach custom metal pieces. It gives the structure a
clean and simple look.

At EHEENSMWES. HEEPEN EN BRREIOENEN, BT TER,
HIREREY, SAET L~ ERR. EEILLS3 AR YRR RS Y ) 4
Content: the main presentation part of  Structure: Lightweight and flexible tem-
the installation. The content presented  porary structure, units are easy to grow
in this installation is plants which con-  and can also be cut into smaller sections
nects with surrounding flower pool. to fit the surroundings.

RE: FRREEETEFR. EEE
ERHETEMFE, EEEANEERE.
Skin: different skins adapt to different
environments. This unit has a metal
mesh hanging from the surface and a
metal mesh attached to the railing.

cRe
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INTEGRAL CONSTRUCTION  E&{&K#i&

Bim| ichvdi ]

south elevation || west elevation
e L lfaggsm
half unit ] 1/4 unit
#EeT . L K
common unit big unit

EARTRA—EEENRE, KUTHEEANELER
ESiAN. 149 MER, FRRTRBEIET L,
Half units form a solid foundation, and big unit has a
larger core to accommaodate more plants. 1/4 units fill
2 A the gaps so that the device fits against the railing.

— P TREFFUNF—E, ERFEN  BEREMNIGNGN, ERNANFE, 5 RIZENETREEZREAE, SRE

BITEE. FHERSIRE, PR FHE,
Elevated flower pools of various sizes  Lightweight and stable temporary The bottom three tiers of rods suspend
connect to planters on either side. structure that adapts to the surround-  metal mesh that creates a dialog with
ing environment and is easy to erect the original railing.
and dismantle.
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Introduction

There was one, that of the divine law.

After one come two, after two come three,
then there were all things.

Modular connection methods and cross-scale
compatibility, gave rise to the potential of
infinite forms.
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The combination of multi-directional joints and components across multiple scales resulted
in constant iterations, exploring the morphological possibilities of the assembly.
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axonometric drawing
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kit of kits | {#RIZIC TR S
cycle of discrete | Bk fbiEi&

REEEASUUG ZHPNER EER, BERBINOREREREIHRATTR, LUK
BRI UEREG, MIEIRCR E TR AIZE LR T BthiZiE A,

The assembly is generated with the aid of parametric design methods, while most of the

production process were completed prior to the delivery to site. The Kit-of-Parts paradigm
may drastically shorten the time for on-site construction.

. v._ Exhibition (Recyclable)
~ BTEEER (REFAIE)

On-Site Assembly
TIAREE

CNC production
CNC BEHbEIE

Delivery by Sets
EfER

A ASEBIETREERE, E-BTENRABEIHEE, EFRRFRBIRENT
BEEMFESESMIEMHREEE, WAIFIA Galapagos BENETE—FHN=MEBK.

The parametric design methods provided opportunities for three types of aggregation
methods, which can be quickly switched with a mouse click. Forms may be easily generated
based on the input parameters, and automatically optimized with Galapagos.

23



adN

IF‘~ n“w iﬁn‘ilsa
| ) & = ||._ﬁ.' :
. [ Y& A
% : i

B R, S~
Kung Reborn
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This concept gracefully weaves the essence of traditional Chinese architecture, where the
interlocking of "Tou" and "Kung" supports a logic that binds "column" to "column", crafting
an organic system that paints a new Chinese landscape.
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New Year Scenario | #i<F
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The design draws inspiration from the traditional Chinese architectural structure of Tou-

Kung, forming an archway. The integration of traditional cultural charm with the festive New
Year ambiance creates an immersive experience that transcends the boundaries of time.
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Exhibition Hall | BT
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Exhibition hall functions and streamline organization

HHEREMME W7 ATUSSIERHEARNTE,. XARETRT/\UR “&” BRNET,
RITER. BREEBESHERXRS I 8E, ERENERE,

The "columns" formed by the overlapping of Tou-Kung can be further expanded to create
larger spaces. This design showcases an exhibition hall constructed with eight of these
"columns," where the seating and exhibition stand are connected to the "columns" through
interlocking relationships, forming an organic and cohesive whole.
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Drawing inspiration from the random growth of P4
crystals in.nature, we use simple standardized Y A
components (nodes and rods) to generate an
oblique structural system. It can be used to
create non-orthogonal, unique spatial scenarios.
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Cell Generation | F{E4ER

N=50Casel

N=100Casel

N =100 Case 2

N =50 Case 3

N =100 Case 3

Habitation | ABEf1S

B et

Corrldor Junction +-7-E§I:I

mAETEER+FROM 6 MIE EREYIEK.
BiE. B, BME, ERT - TREFHAE
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The unit cells grow, spread, encounter
and merge in a random manner from six
positions in the corridor, eventually forming
a unique resting space.

S e

Human Scale A{ERE
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By subtracting the original structure from
the space formed by circulation, the design
can conform to human scale and enhance
the experience of interaction with it.
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Optimization | &Rk

The structural analysis process includes four steps: 1. transforming the design into equivalent
beams and supports; 2. defining beams and supports in Karamba 3D; 3. setting beam sections
and material properties; 4. specifying the direction and magnitude of side wind. The diagrams
show the utilization and displacement in the original and optimized designs.

Equivalent Beams Utilization:319% Components Utilization:319% Components Displacement :16.7CM

Added Lines

mponents

B Added Unit

Enhanced design Equivalent Beams Utilization:228% Equivalent Beams Utilization:67%

Components Utilization:48.5% Components Displacement :12.6CM Components Displacement :2.45CM
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Phantom Spire Opposition

Maximum Scenario | 7=

B EAERNMEL T RARRTHIEMEE, WA LEZERRANHRENEMRES.
ME, XLEEMALUREIFEMERAR, LUHAESHUNRTEEER.

Modular space cities or spacecraft can be created by using stronger materials and increasing
the amount and the scale of the components. These structures allow flexible disassembly
and reassembly to meet a variety of space life needs.
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