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White Paper: Robotic Body Interface

Bility - Backqground

Bility is a Research & Development company, committed to revolutionize artificial limbs,
utilizing our futuristic conceptual model, synergistic R&D framework and newly developed
technologies.

Explain collaborative R&D & funded research

The Bility internal Core R&D mission is to develop nonspecific software, data, functional
materials and prototypes that will break conceptual and physical barriers in the
development of artificial limbs.

To expand our R&D width and fields of expertise that are required to achieve superior
products, we have established a multidisciplinary R&D collaboration framework, that will
allow to jointly work with added value expert partners in different fields, to achieve
groundbreaking technology advances in a predefined list of challenges.

One of these challenges is Human Skin Switchable Adhesive Material.

Bility Conceptional Artificial Limb model

We had designed a proprietary conceptual model (Figure 1) of next-generation artificial
limbs to inspire and set a path of challenges to be overcome by our core team and
collaborators. Our conceptual model addresses a set of problems that we had identified
to be a major obstacles and disadvantages in current limb prosthetics, and define the
engineering, technological & conceptual properties required to create next generation
artificial limb.

Figure 1 - Artificial limb conceptional model.
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a. Top level view of Bility’ conceptual artificial limb.
b. The active, robotic body interface module
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The Robotic Body Interface module

Current limitations and disadvantages of prosthetics body interface

Current body interface is mainly based on non-breathable, silicon sock that is worn tightly
around the stump, they are difficult to wear or remove, without the ability to adjust to the
stump morphology, while the stump, being a biological organ is subject to many
morphological and physiological changes. As a result of the dynamic nature of the stump
trapped inside a rigid structure of the body interface, palette of physical and medical
problems occurs, including, pressure wounds, extensive sweating, skin irritation and blood
supply interference.

Conceptual Robotic Body Interface

Therefore, Bility is looking to develop a dynamic, robotic, tentacle-based body interface
(Figure 2) which will autonomously connect to the stump, and dynamically adjust to the
stump morphology, and use our proprietary tentacle tip to sense stump proximity, pressure
implied by the robotic tentacle onto the stump tissue, and capture physiological and
biological information from the stump, and deliver the captured data downstream into the
artificial limb platform.

Figure 2 — Robotic body interface model.
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a. Components illustration of the robotic interface model.
b. Conceptional model of a single robotic tentacle.
c. Conceptional model and components of the tentacle tip.

Robotic Body Interface top level specification
As illustrated in Figure 2.a, the robotic body interface is made of 3 major components:

1. Socket: the socket is the envelope which encapsulates the 2 other modules and
provide mechanical and electronical connectors to the rest of the artificial limb.
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Preferred attributes:
Low weight, 3d printable, rigid, durable in changing environmental conditions, bio-
inert.

2. Robotic tentacle array: an array of robotic tentacles, each is hinged to the socket
and have the autonomic capability to sense the stump tissue proximity and navigate
spatially to initiate tissue contact with its tip so that a pressure of a certain
magnitude is applied and maintained on the tissue at the contact site.

Table of attributes:

Number of tentacles in the array TBD

Power source Optional: electrical, pneumatic, hydraulic
Tentacle weight Minimal

Tentacle elongation from zero state 3cm

Tentacle spatial movement 1-2 cm to each spatial direction

Tentacle movement speed magnitude | mm/sec

Tip structure 1. Should be loosely hinged to the
tentacle body.

2. Should contain a pressure sensor

3. Should contain proximity sensor

Tip dimensions 1cm?

Tentacle body Tentacles should allow a 1-millimeter
diameter cable to pass through them

3. Power & Control module: contain the power source element, a power distribution
system to the individual tentacles, a controller to activate and move individually
and in parallel each tentacle in the array, include a connector to the artificial limb
data grid and distribute pressure and other information gathered from the tentacle
tips. The control element of the module contains Python API that will enable
external units the ability to control and operate the tentacles array.

Strictly Confidential



Funded Research Request

Objectives:

1. Explore robotic technologies and develop prototype of the tentacles array and the
power & control unit.

2. Develop a model stump that can be configured to display different morphologies
and change them on the fly while measuring pressure implied on the stump and
provide pressure map, in real time, of all the surface area of the stump model.

3. Analyse the physical, pressure and rheological aspects that the robotic body
interface induce to the stump

Roadmap:

Milestone * develop 1 single robotic tentacle that can move spatially according to the
above specification. Acceptance test scenarios will be provided by Bility.

Milestone 2. develop a 5-tentacle array, the power & control unit, and Python API, and
assess power consumption, speed of movements, weight carry, and pressure outputs.

Milestone 3: optimize robotic tentacle array: reduce weight, reduce energy consumption,
Miniaturization, optimize number of tentacles in a real-world scenario to achieve
acceptable pressure spread.

Milestone 4. develop working robotic body interface tested by human subjects in Bility
premises. Develop Python app that controls, operates and enables day-to-day and
treatment scenarios.

Call for collaboration

e \We are currently looking for a funded research collaborator to achieve milestone 1 as
described above.

e Our milestone 1 budget is 10,000$.

e Subject to the successful execution of milestone 1 and subject to our ongoing
fundraising we will discuss with our collaborators the extension of the funded research
to the next milestones as detailed above.
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