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Sticks and Strings: 
“Architecture of Life”

First Motivation: Animal Locomotion
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Biology was his motivation, from animal locomotion to,…
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The molecular structure of spider fiber, to…..
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Why Tensegrity uses 
less control power?

Two unique tensegrity capabilities
-Change shape without changing stiffness, or
-Change stiffness without changing shape

Control paths on
equilibrium surface
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This hyperplane contains all tensegrity geometries associated with this symmetric topology. Each point on this surface can have the same energy, so control actions do not have to put a lot of energy into the structure to control it. 



Class 1 Tensegrity Dynamics
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The most efficient form of the dynamics is a matrix second-order ODE. But the controllled tensions appear linearly, making control problems easier to solve



Active Form-Finding

unconstrained
nodes

Desired shape
(Location of selected nodes) Y
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Nonlinear Feedback control laws have been found to converge to a certain shape. The steady-state solutions yields the solution of the statics problem of finding the desired shape and forces in all members. This theory can be used for active feedback control, or just to solve the statics problem.
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This hyperplane contains all tensegrity geometries associated with this symmetric topology. Each point on this surface can have the same energy, so control actions do not have to put a lot of energy into the structure to control it. 



:
Stable Parabolic Surface

From Tensegrity Prisms with no soft modes
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A stable shape can be controlled with minimal energy



Integrate Design of 
Origami/Tensegrity

Tensegrity: 3D structures from 1D objects
(High strength, high stability, low mass, deployable)

Origami:      3D structures from 2D objects
(low strength, low stability, foldable)

M. de Oliveira
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Origami creates 3D objects form 2D objects

Tensegrity creates 3D objects from 1D objects

All origami objects can be created by tensegrity objects,
But
Not all tensegrity designs can be created  from origami.

Origami can create many interesting shapes, but the mechanical properties are not necessarily suitable for an engineering purpose.

Tensegrity has a math background that can guaranteed specified mechanical properties
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Double Helix Tensegrity (DHT)
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For a given pattern of connections between compressive and tensile members, one can build many stable shapes. If we fold this material configuration about this axis we get a cylinder. I f we close the other ends we get a torus. Now we design a rotation space station from this tensegrity torus.
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Double Helix Tensegrity (DHT):
Exterior View
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The external view looks like so



Primal DHT: White lines are compressive members
Edges are tensile members

Dual DHT:    White lines are tensile members (cables)
Edges are compressive members

Primal and Dual DHT
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The interior might look like this



Water shield (slow spin)

Mirror (no spin)

Solar panels
(no spin)

Pressurized tensegrity torus 
(fast spin: 1 rpm)

NIAC study [Skleton, Longman]: 
1 km radius torus spin at 1 rpm = 1g 

Directed Energy Project!
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The white tensegrity torus is shown in this cutaway view, rotating at 1 rpm, with a 1km radius. The external structure rotates slowly if at all, and this is the shielding from radiation, designed to macth the radiation exposure on earth.



We Need Tools to Pin the Tail on the 
Performance Limiting Technology

Sensing

Design/Mfg

Physics

Computing

Modeling

Signal Processing

Control

From first principles, Universities teach
component technology
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How do we identify the performance-limiting technology, in a design? 
Maybe we could get better performance by improving the manufacturing precision of selected components. If so, which components??
Maybe we need a better model of the system components. Which components?
Or maybe we’re limited by computational precision.
Or, maybe by the algorithm we are using for signal processing or control design. Control is too narrow a concept. It  assumes all other components are already specified. 
Or, maybe we need better sensors, or a different distribution of the sensor or actuator  locations
Or maybe, we wasted all that money because we are at the limits of physics. 
Or maybe we don’t have a systems theory that even allows one to answer these questions. 
We just don’t know where to spend our money…....




Critical Issues in System Design
Given a performance bound we seek to:

• Min Mass of structure
• Min Energy for control

– Enabling technologies for MME design:
• Minimal mass structures (tensegrity)
• Information Architecture (integrate choice of 

sensor/actuator networks, sensor & computational 
precisions, and control or estimation laws)

• Deployment schemes (origami/tensegrity)
• Model improvements from data

MME design



Computer
Selection

Information Architecture
What to measure/actuate/compute? 

With what precision? 
With what control law? 

With what cost?

Actuator 
Selection

Sensor 
Selection

Structure 
Design

Control 
Design

Material topology? Best info network?
Best actuation
network?

control algorithm?
Computational precision?

How to integrate 
these choices?



Computer
Selection

Information Architecture
(What to measure/actuate/compute? With what precision? 

With what control law? With what cost?)

Actuator 
Selection

Sensor 
Selection

Structure 
Design

Control 
Design

Material topology? Best info network?
Best actuation
network?

control algorithm?

Information Architecture [Skelton 2009] jointly optimizes:
1) control law and 2) sensor/actuator network 
(proves this is a convex problem if dynamics linear) 

Computational precision?

Unify these 3 decisions



Conclusions 
(the set of new analytical tools)

• Control theory has been extended to: select the precision 
and location required of all instruments while satisfying prespecified
bounds on: 
– Total instrument costs 
– Performance errors 
– Control energy

• Analytical tools are available to: integrate origami and 
tensegrity designs of deployable structures, with shape control.

• Analytical tools are available to: generate all linear models 
which can identically match the data (a specified number of 
autocorrelations and cross-correlations of input/output data)



Information Architecture and Control 
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Integrated SAS and output feedback control design problem: design controller and select sensors and actuators such that the cost and performance constraints are satisfied. Integrating sensor/actuator precision selection and control design: 

With only input and output performance constraints, this reduces to a control design problem. 



Information Architecture and Control 
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Integrated SAS and output feedback control design problem: design controller and select sensors and actuators such that the cost and performance constraints are satisfied. Integrating sensor/actuator precision selection and control design: 

With only input and output performance constraints, this reduces to a control design problem. 



Sensor/Actuator Network Selection

Instrument 
precisions

X

Convex problem

After solving convex problem
Observe this ranking

Delete smallest precision instrument and repeat 
convex problem with smaller set of Instruments . 
Stop when feasibility is lost
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Systems theory now has the capability to trade money, energy and performance requirements
This now must be the goal of space systems.
Thanks for your attention
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