Body/appendage development

creation of soft chambers, selectively reinforced with high-strength tensile fibers for controlled combinations of extension and contraction when actuated or pushed into confining spaces

For main proposal body: Whereas many soft-bodied animals use hydrostats (arrangements of orthogonal muscles such that, for example, radial contraction results in axial expansion) peroxide requires the opposite approach: volumetric expansion produces axial extension accompanied by radial contraction or stasis. 

modular tentacle v1

two degrees of freedom: forward and left/right. Able to steer toward and traverse a small aperture. Basic sensing. (recheck Phase I objectives)

tristar v2

Created essentially from 4 tentacle modules with shape changing DOF. able to transform between linear (worm) and branched (sea star, octopus) configurations. Able to grasp and move objects and climb (e.g. climb a pole or a rock). Able to self-anchor for pushing into cracks.

polypod v3

Created from central core and multiple tentacles. Able to locomote comparatively rapidly, to climb, to grasp and perform simple manipulations on objects.

Electronics

battery and power distribution

signal and processing

control

flexible electronics integration and testing

Communication

internal communication

external communication

Power source and conversion

energy storage and distribution

robot is self-consuming as the peroxide is used both as power source and as incompressible fluid for pseudo-hydrostat

analysis of volume required as function of mission duration (see energy analysis below)

valving and catalysis

valving of microliters of fluid at low pressure. catalysis inside the actuator. Possibility for passive, timed exhaust via leakage

thermal management

thermal capacity and heat transfer to ensure that maximum permissible temperatures of skin, valves, sensors are never exceeded. Thermal analysis also related to thermodynamic cycle efficiency (see energy analysis below)

Integrated actuator development

structural analysis

expansion and PV calculations for locomotion, morphing. Analysis of pressures and material strains. Limits on parametric dimensional variations. Fiber strength and density.

exit valving

active versus passive exit valving, phase timing. Exit valve development.

energy analysis

thermodynamic cycle and overall actuation efficiency. Minutes of operation per microliter of peroxide.

Analysis of power capacity, efficiency, volume required per minute of operation as a function of actuation type and speed.

Sensing

mechanical sensing

development of whisker and antennae sensors – light, robust, simple and highly flexible. 

optical sensing

optical proximity sensors and possible simple imaging and pattern recognition for aperture detection

sensor integration, power and signal distribution

Sensors are anchored into flexible skin and power/signal distribution system.

Low level control

gait determination

phasing

mobility analysis, efficiency

Behaviors

open terrain locomotion

various locomotion types depending on platform. Simplest = annelid (worm like) wave. More advanced methods include walking with body raised by tentacle legs.

aperture detection, location

integration of information from mechanical and optical sensors, basic pattern recognition for aperture detection and alignment

aperture traversal

locomotion specialized for crawling through aperture. (Mainly passively constrained and utilizing directional skin to ensure forward movement.)

reconstitution

recovery of open-terrain shape upon exiting aperture

morphing

changing configuration (e.g. from linear to branched) utilizing specialized low-power shape-changing actuators that operate between two latched, stable states.

payload tasks

depositing payload, retrieving a payload. More advanced  tasks possible during Phase II.

grasping, climbing

in branched configuration – wrapping around compact (e.g. cylindrical objects) to climb or move them.

other mission objectives

Depending on guidance for Phase II – could include specific surveillance, manipulation, chemical testing or other tasks.

Systems integration and testing

v1 tentacle testing (Phase I)

initial open-terrain testing for speed, endurance

initial test through aperture (manually positioned)

test through aperture without manual pre-positioning

v2 starbot 

demonstrate shape change 

demonstrate ability to execute coordinated grasp & push operations in addition to all capabilities of v1 tentacle

v3 polypod

demonstrate shape change (expanded versus flattened)

demonstrate coordinated walking locomotion

demonstrate ability to execute coordinated grasp & push operations in addition to all capabilities of v1 tentacle
