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ROBOTIC TATTOOING SYSTEMS AND RELATED TECHNOLOGIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and the benefit of U.S. Provisional
Application No. 62/878,673, filed July 25, 2019, and U.S. Provisional Application No.
62/964,579 filed January 22, 2020, all of which are hereby incorporated by reference in

their entireties for all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates generally to systems, devices, and methods

for tattooing and applying substances to skin.

BACKGROUND

[0003] To apply a tattoo, a tattooing device is held by a tattoo artist while the
tattooing device vibrates a needle to inject pigment into the skin. If the injection is too
deep, it may have a different hue due to scattering or may look blurred due to subdermal
diffusion. If it is too superficial, it may not be held in proper position and may migrate to
produce a blurred image or be gradually removed to produce a faded image as the dermis
is recycled. Unfortunately, artistic ability varies between tattoo artists, and a particular
tattoo artist may be unable to apply visually appealing tattoos. Tattoo artists may develop
an expertise applying particular types of tattoos, such as micro tattoos, dotwork,
blackwork tattoos, realism tattoos, or fine-line tattoos. An individual may want a tattoo
that cannot be produced by a local tattoo artist, so the individual may travel to visit tattoo
artists at other locations. In-demand tattoo artists often have exceptional skill that cannot
be adequately replicated by other tattoo artists, so they may require booking weeks,
months, or years in advance and the tattoos can be expensive. Accordingly, conventional

tattooing equipment and techniques have numerous drawbacks.



WO 2021/016590 PCT/US2020/043588

SUMMARY

[0004] In some embodiments, an automatic tattoo apparatus can be used to
robotically apply tattoos. A customer can shop on an online tattoo marketplace to select
designs created by various artists located anywhere. The online tattoo marketplace can
manage payments, artist and/or customer profiles, bookings, tattoo design uploads,
browsing and design selection, design changes, and/or perform other actions. The
automatic tattoo device can apply tattoos quickly with reduced pain. The tattoo apparatus
can apply a wide range of different types of tattoos, including but not limited to micro

tattoos, dotwork, blackwork tattoos, realism tattoos, fine-line tattoos, etc.

[0005] The online tattoo marketplace can provide an augmented reality shopping
experience enabling the customer to see how the tattoo will look at a particular target site
on the body. Once a tattoo is selected, the online tattoo marketplace can notify a
designated retail location of the purchase. The tattoo marketplace can supply the
designated retail location with a token (e.g., a digital token, credit, etc.) or license to apply
a tattoo design. An artist can receive payment for the application of the tattoo. The online
tattoo marketplace can be used to provide graphics and designs from tattoo artists, non-
tattoo artists such as visual artists, artistic celebrities, influencers, brands, artwork
provided by customers themselves, or other sources. This allows customers to access
artwork irrespective of an artist's physical location. In some embodiments, the artist can
receive payment based on royalties, commissions, or other payment schemes. The
online tattoo marketplace can include original designs, limited edition designs, resident
designs, custom lettering, custom designs, customer provided designs, or other designs.
Additionally, the online tattoo marketplace may offer other goods and services including
but not limited to tattoo auctions or sale of artwork (e.g., original works and/or prints).
After the tattoo apparatus has applied the art, one or more pictures can be supplied to
the marketplace, tagged to the artists/studio. The pictures can either be taken by the
tattoo machine or by a mobile phone, tablet, or other image capture device of the tattoo

recipient, artist, etc.

[0006] The automatic tattoo apparatus can communicate with an artist or originator
of the graphic and/or design via a network (e.g., a wide area network). A remote server
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can store the designs/graphics available via the online tattoo marketplace so the tattooing
can be performed at any location (e.g., tattoo studio or retail location). For example,
tattooing can be performed at retail locations with one or more automatic tattoo
apparatuses that can be local and convenient for the customer. Each retail location may
additionally provide other goods or services to offer an elevated tattooing experience,
such as after-tattoo lotion and sunscreen, bandages, merchandise, etc. An operator of
the automatic tattoo apparatus may require less and/or different expertise than a
traditional tattoo artist. The automatic tattoo apparatus can apply tattoos visually the
same as the originator of the graphic and/or design who can be an in-demand tattoo
artists with exceptional skill. Individuals can obtain tattoos of artwork from an artist without
having to travel to or book a session with that artist. This allows artwork to be reproduced
at a wide range of locations. In some embodiments, the automatic tattoo apparatus is in
the form of a tattoo robot capable of applying tattoos. The tattoo robot can include one or

more controllers, robotic arms, tattoo needle assemblies, etc.

[0007] At least some embodiments can include a tattoo apparatus comprising a
tattoo shuttle configured to carry a tattoo needle, at least one sensor configured to
measure at least one characteristic of a portion of a customer’s skin, a machine vision
device positioned to obtain one or more images of the portion of skin, and at least one
controller. The controller can be configured to calculate a skin position and/or a skin
deformation based on the obtained images and/or sensor signals, and control a puncture
depth based at least in part on at least one of the skin position, the skin deformation, or
the characteristic(s) of the portion of skin. The needle can be disposable. In some
embodiments, the tattoo apparatus can apply tattoos to articles made of natural materials,
synthetic materials, or combinations thereof. For example, the tattoos can be applied to
belts, clothing, wallets, etc. In some embodiments, the tattoo apparatus is a portable

handheld tattooing apparatus with integrated components.

[0008] In at least some embodiments, the sensor can be configured to measure
information about a puncture operation on the portion of skin. The information can include
a load applied to the needle structure during puncture, an acceleration of the needle

structure, a speed of the needle structure, a velocity of the needle structure, an angular
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position of the needle structure, an impedance of contact between the needle structure
and skin while in contact with the portion of skin relative to an impedance of the portion
of skin alone, and/or an amount of vibration. Accelerometers, gyroscopes, and position
sensors can measure the acceleration, rotation, and/or position of the needle or other
components. The characteristic(s) of the portion of skin can also include, but is not limited
to, a skin elasticity, impedance, and/or thickness (e.g., thickness of the skin, thickness of
each layer of the skin, etc.). In some implementations, a force/pressure sensor is used
to determine the load and based on displacement output, skin elasticity is determined.
Electrical sensors can monitor tissue impedance and based on changes on measured
impedance during punctures. Changes in impedance can be correlated to when the
needle passes through tissue, at a particular depth, etc. Identification of tissue layers,
thicknesses of tissue layers, and other tissue information can be determined based on

the output from such sensors.

[0009] The controller can be configured to determine a depth of a tissue layer
interface based at least in part on a relationship between a force applied to the portion of
skin and the depth of the tissue layer interface. Determination of the skin deformation can
be based at least in part on an initial deflection of the portion of skin resulting from a force
applied to the portion of skin. The controller can be configured to determine

characteristics of leather and other materials, whether natural or synthetic.

[0010] At least some embodiments can include a tattoo device comprising at least
one sensor configured to detect skin puncture events for various needles, at least one
characteristic of a portion of skin, or the like. The characteristic can include a depth of a
tissue layer interface, and a means for controlling a piercing depth based at least in part
on the measured characteristic of the portion of skin. In some embodiments, the skin
puncture event can relate to one or more of (1) the initial contact with the skin, (2) the
initial epidermis failure, (3) where the needle is at the junction of an epidermal and a
dermal layer of the skin, (4) where the needle tip is at the junction between a dermal and
a hypodermal layer of the skin, (5) where the needle is at its deepest position and/or (6)
where the needle exits the skin. The characteristic of the skin can include at least one of

a skin elasticity, impedance, or thickness. The characteristics of undeformed or deformed
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skin can be determined. An optical sensor can be used to determine one or more
characteristics of undeformed skin whereas a galvanic sensor or an electrical sensor can
be used to determine one or more characteristics of deformed skin. Characteristics of
the skin in different states (e.g., deformed state, undeformed state, etc.) can be used to

monitor a site before, during, and after application of the tattoo.

[0011] In some embodiments, the sensor can be configured to detect the depth of
the needle when a puncture event occurs based, at least in part, on a relationship
between a force applied to the portion of skin and the depth of the tissue layer interface.
The sensor can be further configured to detect a deflection distance or initial deflection of
the skin resulting from a force applied to the portion of skin. In some embodiments, the

sensor measures the deflection of the skin caused by a needle.

[0012] In some embodiments, the sensor can detect the position and/or depth of
the needle, when a puncture event occurs, based at least in part on impedance. For
example, the sensor can detect the variation of a contact conductivity of the needle
against the skin relative to the conductivity of the skin alone. The sensor can be further
configured to detect a deflection distance (e.g., initial deflection to puncture) of the skin
resulting from a force applied to the portion of skin. In some embodiments, the sensor

measures, whether directly or indirectly, the deflection of the skin caused by a needle.

[0013] At least some embodiments can include a method for robotic tattooing that
includes measuring at least one characteristic of a portion of skin corresponding to a dot
position and controlling a piercing depth for the dot position based at least in part on the
characteristic(s) of the portion of skin. In some embodiments, the dot position can be one
of a plurality of dot positions, and the method can be repeated for each dot position. In
some embodiments, the dot position can be one of a plurality of dot positions, and the
measuring step can be repeated for some of the dot positions. The characteristic of a
portion of skin for the remainder of the plurality of dot positions can be determined based
at least on interpolation from the measured characteristic of the portion of skin of the
measured dot positions. The measured characteristic of the portion of skin can include
at least one of a skin elasticity, impedance, or thickness. In some embodiments, the
measured characteristic can include one or more mechanical characteristics (e.g.,
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elasticity of tissue, puncture strength, and/or tear strength), electrical characteristics (e.g.,

impedance), dimensions (e.g., position and/or layer thickness), or the like.

[0014] In at least some embodiments, the method can further comprise detecting
a position and/or depth of the needle when a puncture event occurs based at least in part
on a relationship between a force applied to the portion of skin and the depth of the tissue
layer interface. In at least some other embodiments, the method may further comprise
detecting a skin deformation of the portion of skin based at least in part on an initial
deflection of the portion of skin resulting from a force applied to the portion of skin. The
skin can be leather, skin of a living animal (e.g., a human, livestock, etc.), or the like. The

method can also be used to apply tattoos to synthetic materials.

[0015] The method, in at least some embodiments, can further comprise detecting
a position and/or depth of the needle when a puncture event occurs based at least in part
on the variation of the contact conductivity of the needle against the skin relative to the
conductivity of the skin alone. In some embodiments, the method may further comprise
detecting a skin deformation of the portion of skin based at least in part on an initial
deflection distance of the portion of skin resulting from a force applied to the portion of

skin.

[0016] At least some embodiments can include a method for tattooing skin,
comprising: acquiring at least one skin puncture property, updating a dot parameter table
with a machine setting based on the acquired at least one skin puncture property, and
controlling deposit of a substance into the skin based at least in part on the updated dot
parameter table. In some embodiments, the method may further comprise applying a
stencil (e.g., a stencil with a plurality of dot positions) prior to acquiring the skin puncture
property. In some embodiments, the skin puncture property includes a skin deformation
measurement. The skin deformation measurement can be based at least in part on an

initial deflection of the skin resulting from a force applied to the skin.

[0017] The dot parameter table can include a plurality of dot positions and the
updating can further include updating a machine setting for each of the plurality of dot

positions. In some embodiments, updating the dot parameter table step further comprises
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determining the machine setting based on interpolation from the skin puncture property.
The skin puncture property can include a skin elasticity, impedance, tissue layer depth,

tissue layer thickness, and/or layer junction locations.

[0018] In at least some embodiments, the method can further comprise detecting
a position and/or depth of the needle when a puncture event occurs based at least in part
on a relationship between a force applied to the portion of skin and the depth of the tissue
layer interface. The deposit of a substance can be controlled based at least in part on

the position and/or depth of the needle when the puncture event occurs.

[0019] In at least some embodiments the method can further comprise detecting a
position and/or depth of the needle when a puncture event occurs based at least in part
on the variation of the contact conductance, relative to the conductivity of the skin alone.
The deposit of a substance in the skin can be controlled based at least in part on the
depth of the needle when a puncture event occurs. In some embodiments, the contact
conductivity can be monitored to evaluate changes of the contact conductivity as the

puncture depths increases, position of the needle changes, or the like.

[0020] At least some embodiments can include methods for managing a
marketplace. The method can include providing a user interface illustrating one or more
tattoo designs. The method can include receiving a selection of one or more designs and
providing the one or more designs to an automatic tattooing apparatus at a retail location
in association with a digital token. The automatic tattooing apparatus applies the one or
more designs to a tattoo recipient in response to receiving an indication of the digital
token. A user can select and receive a tattoo by browsing an online tattoo marketplace,
selecting one or more designs, going to a retail location housing an automatic tattooing
apparatus, and receiving a tattoo of the one or more selected designs from the automatic
tattooing apparatus. The browsing and selecting steps can be performed by different
users (e.g., a customer, an artist, or the like) through a mobile application, computer,
website, or the like. In other embodiments, the browsing and selecting steps can be
performed by a user through a computing device, such as a smartphone, an augmented
reality device, a computer. In some embodiments, designs available on the online tattoo
marketplace could have been contributed by one or more of an artist, another user,

7
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company, or the user. A user can select a tattoo selection tool via an online tattoo
marketplace, at the retail location, or any other suitable location. In some embodiments,
the user can use the computing device to preview the location and the design of the
selected tattoo. For example, the user can use augmented reality to view the location of
the tattoo on his or her body. The user can then accept the location or reposition that

tattoo. The tattoo system can lock the tattoo location based on the user's acceptance.

[0021] After receiving the tattoo, an artist who created at least one of the selected
designs can receive payment for each created design that was received as a tattoo. In
some embodiments, the retail location can be a location remote from an artist who created

the design.

[0022] At least some embodiments are directed to an automated apparatus
configured to analyze a site and to puncture a subject’s skin at the site. The analysis can
include, without limitation, one or more optical analyses, electrical analyses, mechanical
analyses, chemical analyses, or combinations thereof. The apparatus can puncture the
subject skin to apply one or more liquids, medications, substances, or combinations
thereof. In some embodiments, the apparatus can perform multiple analyses to perform
a task, such as applying one or more tattoos. The apparatus can perform analyses to
position a piercing element (e.g., a needle, needle array, etc.) for injecting a fluid (e.g.,
liquid ink, pigment, dyes, etc.) into one or more layers of skin or other tissue. The
apparatus can be used in tattooing applications, medical applications, aesthetic

applications, or other suitable uses.

[0023] In tattooing applications, a temporary pigment can be injected into the
epidermal layer to provide a reference feature (e.g., a temporary dot). A permanent
pigment can be injected into the dermal or other layer using the reference feature. The
subject’s body can naturally cause the reference feature to break down and be absorbed
into the subject’s body leaving only the permanent features (e.g., tattoo dots). An optical
analysis can include using machine vision or computer vision to identify reference
features (e.g., applied and/or natural fiducials), landmarks, stenciling, applied dots (e.g.,
previously applied dots when applying the tattoo), skin features (e.g., moles, scars, hair,
etc.), or the like. The apparatus can be programmed to identify such features and

8
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determine one or more of the following: position of stenciling, tattoo placement, puncture
sites (e.g., interrogation sites), volume of ink to be applied at each puncture site, depth of
puncture site, needle characteristics, and/or position information. If the subject’s body part
moves during a session, the apparatus can identify the movement and determine an
appropriate protocol for continuing one or more tasks based on the new body position.
This allows a tattoo to be robotically applied without disrupting the session. The
apparatus can apply a wide range of substances, including fluids, gels, or other suitable
substances. For example, during or after the session, the apparatus can inject one or
more medicants, analgesics, pigment enhancing agents, antibacterial agents, or other
substances in the dermal and/or epidermal layers to, for example, reduce discomfort,
promote healing, inhibit infection, or combinations thereof. In a following session (e.g., a
session days, weeks, or months after a tattoo is applied), the automated apparatus can
analyze the tattoo and identify areas to be modified by, for example, reapplying dots,
touching up dots, etc. Images of the applied tattoo can be compared to a virtual tattoo to

identify the areas to be modified.

[0024] In non-tattoo applications, the apparatus can apply botulinum toxin (e.g.,
Botox®), anti-wrinkle agents, denervating agents, anti-acne agents, collagen, or the like.
The apparatus can optically analyze a site and identify wrinkles (using a trained computer
vision system similar to that described below). Targeted wrinkles located along the
subject face (e.g., along the forehead, surrounding the eyes, etc.) or any other location.
The apparatus can determine one or more puncture sites based on characteristics (e.g.,
size, depth, location, etc.) of the wrinkles. The apparatus can inject one or more anti-

wrinkle agents at puncture sites to reduce or limit the appearance of the targeted wrinkles.

[0025] The apparatus can include one or more machine vision systems configured
for imaging-based automatic inspection and analysis. The machine vision systems can
be configured for one-dimensional, two-dimensional, or three-dimensional analysis and
can include one or more image capture devices, such as digital cameras. The machine
vision system can analyze non-planar surfaces, planar or flat surfaces, optically
identifiable features, and other features. The non-planar surfaces can include, without

limitation, curved surfaces (e.g., highly-contoured regions of skin), undulating surfaces,
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or the like. The flat surfaces can be generally flat areas of tissue. A frame can be pressed
against the subject’s tissue to flatten the site. The optically identifiable features can
include, without limitation, dots, tattoos (e.g., portions of tattoos, entire tattoos, etc.),
stenciling (e.g., dots, patterns of dots, etc.), body parts, or the like. In some embodiments,
the machine vision systems can be configured to perform, without limitation, one or more
line scans, area scans, triangulation data collection (e.g., 3D images suitable for
triangulation), etc. The machine vision systems can capture images and generate one or
more maps based on the captured images. For example, captured images can be
combined to generate multi-dimensional maps (e.g., two-dimensional maps, three-
dimensional maps, etc.), or the like. In some implementations, such a computer vision
system can use a machine learning model or other suitable analytical models trained to
identify desired features (e.g., skin landmarks, stenciling, applied tattoo dots, wrinkles,
moles, scars, hair, etc.). For example, a neural network can be trained to identify such
features with supervised learning, applying training items comprising images with parts
tagged as having or not having these features. The training data can be based on human
tagged images, medial databases, etc. In various implementations, different types of
neural networks (e.g., deep neural networks, convolutional neural networks, etc.) can be
used or other types of machine learning models (e.g., decision trees, support vector
machines, etc.) can be used. Further, different types of training can be applied (e.g.,

supervised, unsupervised, applying different types of loss or activation functions, etc.).

[0026] In some embodiments, the apparatus can include one or more cameras,
sensors (e.g., 2D or 3D sensors such as laser-displacement sensors, imaging sensors,
calibration sensors, etc.) for outputting data for inspection, feature identification, surface
topology, area evaluation, volume measurement, or the like. The output from the sensors
can be used to produce, without limitation, images (e.g., digital images), maps of target
sites, height maps (e.g., height maps generated from displacement of reflected lasers),

or the like.

[0027] In some embodiments, a system can be used to analyze one or more
interrogation sites to determine at least in part how to apply a tattoo or a portion thereof.

The interrogation sites can be punctured to determine skin characteristics, including
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number of skin layers within a certain depth, dimensions of skin layers, characteristics of
skin layers (e.qg., elasticity, puncture characteristics, etc.), or the like. Puncture sites can
be the same as or different from the interrogation sites. Puncture sites suitable for
receiving dye can be selected based on, for example, target site characteristics, the tattoo
design to be applied, stencils, etc. During the tattooing process, a tattoo site can be
periodically or continuously analyzed to adaptively adjust the application of the tattoo to
enhance application by, for example, compensating for, without limitation, skin stretch,

appearances of applied dots, body part movement, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1A is a network diagram of a tattooing environment and system in

accordance with an embodiment of the disclosure.

[0029] Figure 1B is a schematic isometric view of a tattooing system in accordance

with an embodiment of the disclosure.

[0030] Figure 2 is a schematic isometric view of a tattoo shuttle of the tattooing

system of Figure 1B in accordance with an embodiment of the disclosure.

[0031] Figure 3A is a block diagram of a tattooing process in accordance with an

embodiment of the disclosure.

[0032] Figure 3B is a block diagram of a skin puncture property acquisition step of

the tattooing process in accordance with the embodiment of Figure 3A.

[0033] Figure 3C is a block diagram of a tattoo application process step (tattooing

process step) of the tattooing process in accordance with the embodiment of Figure 3A.

[0034] Figure 4 is a block diagram of a tattooing process in accordance with an

embodiment of the disclosure.

[0035] Figure 5A and 5B are illustrative diagrams of a stencil generation process

in accordance with an embodiment of the disclosure.

[0036] Figure 6A illustrates an image captured by an image capture device in

accordance with an embodiment of the disclosure.
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[0037] Figure 6B illustrates an image analysis using one or more machine vision

algorithms in accordance with an embodiment of the disclosure.

[0038] Figure 7 is a block diagram of machine vision process in accordance with

an embodiment of the disclosure.

[0039] Figure 8 is a schematic isometric view of a tattooing system in accordance

with an embodiment of the disclosure.

[0040] Figure 9 is a block diagram of an embodiment of a tattoo selection and

application process in accordance with an embodiment of the disclosure.

[0041] Figure 10A is an isometric view of an embodiment of a needle cartridge in

accordance with an embodiment of the disclosure.

[0042] Figure 10B is an exploded view of the needle cartridge of Figure 10A in

accordance with an embodiment of the disclosure.

[0043] Figures 11A and 11B are illustrative diagrams of an example rejection and
example approval of a stencil position, respectively, in accordance with an embodiment

of the disclosure.

[0044] Figures 11C and 11D are simplified illustrative diagrams of an example
rejected stencil and an example approved stencil, respectively, in accordance with an

embodiment of the disclosure.

[0045] Figure 12A is an illustrative diagram of an example puncture event in

accordance with an embodiment of the disclosure.

[0046] Figure 12B illustrates a conductivity curve as detected by a galvanic sensor

and data curves in accordance with an embodiment of the disclosure.

[0047] Figure 13 is a block diagram of steps of a puncture setting prediction

procedure in accordance with an embodiment of the disclosure.

[0048] Figure 14 is an isometric view of a handheld tattoo device in accordance

with an embodiment of the disclosure.
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[0049] Figure 15 illustrates a handheld automatic tattoo apparatus in accordance

with an embodiment of the disclosure.

[0050] Figure 16 is an exploded side view of a handheld device in accordance with

an embodiment of the disclosure.

[0051] Figure 17 is a block diagram of an embodiment of the procedure for applying
a tattoo using a handheld automatic tattoo apparatus in accordance with an embodiment

of the disclosure.

[0052] Figures 18A-18C Illustrate a stenciling process for manual tattooing in

accordance with an embodiment of the disclosure.

[0053] Figure 19 is a block diagram of an embodiment of a digital tattoo file
generation process optimized for automatic tattooing in accordance with an embodiment

of the disclosure.

[0054] Figure 20 is a schematic block diagram illustrating subcomponents of a

controller in accordance with an embodiment of the disclosure.

[0055] Figure 21 is a network diagram of a tattooing environment and system in

accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

Tattooing Environment and Systems

[0056] Figure 1A is a network diagram of a tattooing environment and system 60
in accordance with an embodiment of the disclosure. A client or subject 70 (“subject 70”)
and operator 72 can be located at a tattoo studio 74. The tattoo studio 74 can include one
or more automated tattooing systems 76 configured to apply a tattoo based on artwork
selected by the subject 70. The operator 72 can prepare the tattoo site and operate the

automated tattooing system 76.

[0057] A tattoo assistance system 78 can include, without limitation, one or more
computing devices and/or system and can provide data used by the automated tattooing

systems 76. The tattoo assistance system 78 can perform one or more steps of a
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tattooing process, such as generating calibration protocols, determining skin puncture
properties, generating tables (e.g., dot parameter tables, puncture data, etc.), processing
images, generating stenciling, generating tattooing protocols, or the like. The tattoo
assistance system 78 can include, for example, one or more servers, processors, and
memory storing instructions executable by the one or more processors to perform the
methods described herein. In some embodiments, the server implemented can be a
distributed “cloud” computing system or facility across any suitable combination of
hardware and/or virtual computing resources. The tattoo assistance system 78 can
communicate with the automated tattooing systems 76, network 82, and other systems

through communication channels 80.

[0058] The network 82 can be in communication with artwork providers 84 and
users/clients 86. The artwork providers 84 can be artists that upload tattoo artwork to an
online tattoo marketplace. In one embodiment, the online tattoo marketplace may be a
global online tattoo marketplace where artwork providers 84 may upload, license, and/or
sell their designs irrespective of their physical location. Artists may be paid a royalty based
on selection and/or licensing of their designs by subjects through the app and/or website.
The tattoo assistance system 78 can provide or support a user interface illustrating one
or more tattoo designs. The tattoo assistance system 78 can receive a selection of one
or more design and provide the one or more designs to an automated tattooing system
76 with a digital token. The automated tattooing systems can use one or more designs
to a tattoo recipient (e.g., subject 70 in Figure 1A) in response to receiving an indication
of the digital token. The tattoo assistance system 78 can include features and
functionality discussed in connection with Figures 20 and 21 and perform one or more of
the steps (e.g., all of the steps) of algorithms discussed in connection with Figures 3A-7,
9, 12A-13, 17, and 19.

[0059] The subject 70 can purchase a tattoo from one of the artwork providers 84
who may be located at a remote location. The subject 70 can obtain artwork for generating
a high-quality tattoo that appears similar to original artwork provided by the artist. The
tattoo system 76 can reproduce artwork more consistently than a human tattoo artist.

Accordingly, individuals across the world can purchase artwork form an artist and receive
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a tattoo of the artwork without requiring that the individual travel to the artist. The tattoo
system 76 can replicate tattoos from an in-demand tattoo artist without requiring booking
with that artist, thereby reducing the time to receive the tattoo and costs. Additionally, the
tattoo system 76 can apply, for example, micro tattoos, dotwork, blackwork tattoos,
realism tattoos, and/or fine-line tattoos. Tattoos can be applied based on artwork from
individuals located throughout the world. The tattoo system 76 can include one or more
robotic arms (e.g., multi-axis arms, etc.), linear actuators, rails, motors, gantries,
controllers, and other suitable components for manipulating and positioning needles to

produce the tattoo.

[0060] The tattoo assistance system 78 can include at least one database 88 and
module 89. The database 88 can be configured to store artwork, protocols, tattoo data,
skin data, stencil data, client data, or the like. The module 89 can be configured with one
or more algorithms for performing processes disclosed herein and discussed in
connection with Figures 3A-7, 9, 11A-13, and 17-18. Some or all of the functionality
described herein with respect to the module 89 may also be performed by the tattoo
systems/apparatuses, and vice-versa. The module 89 can also include some or all of the
functionality and features described herein with respect to the controller of Figure 20 or
other controllers disclosed herein. A remote server of the module 89 can store the
designs/graphics available via the online tattoo marketplace so the tattooing can be
performed at any location (e.g., tattoo studio or retail location). For example, tattooing can
be performed at retail locations with one or more automatic tattoo apparatuses that can
be local and convenient for the customer. In some embodiments, the tattoo assistance
system 78 can communicate with an artist or originator of the graphic and/or design via

the network 82 (e.g., a wide area network).

[0061] The subject 70 and users/clients 86 can use a user device to select artwork,
purchase tattoos, input preferences, submit payment, manage credits/tokens, or the like.
Browsing and selection of artwork may be done via a mobile app and/or website that
allows access to the online tattoo marketplace, through which subjects may perform
actions including, but not limited to, browsing, selecting, saving, rating designs, uploading,

creating a profile, booking appointments, participating in auctions, or buying. In one
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embodiment, the online tattoo marketplace may be a global online tattoo marketplace
where artists or users may upload, license, and/or sell their designs irrespective of their
physical location. Artists may be paid a royalty based on selection and/or licensing of their
designs by subjects through the app and/or website. Browsing, selection, and payment
process may vary by location, as well as by individual artists. Exemplary user devices
include, without limitation, a personal computer (PC), a laptop, a tablet computer, or a
smartphone. Generally, the user device can include a display and/or one or more
processors. The displays can offer the user a visual interface for interaction with the
system, as discussed in connection with Figure 9 (e.g., user device 509 of Figure 9). The
tattoo studio 74 can have different robotic tattooing machines disclosed herein for

producing a wide range of different types of tattoos to the subject 70.

[0062] Figure 1B is a schematic isometric view of a tattooing system 90 in
accordance with an embodiment of the disclosure. The tattooing system 90 is suitable for
use in the environment of Figure 1A and can include a tattooing apparatus 100 and at
least one controller 108. The tattooing system 90 can determine a tattoo protocol or
receive a tattoo protocol based on a target tattoo site on the subject. The tattooing
apparatus 100 can apply the selected tattoo based on the tattoo protocol. During the

tattoo session, the subject’s body part can rest on a rest surface 102.

[0063] The tattooing apparatus 100 can include a cantilevered tattoo machine 101
(“tattoo machine 1017), a tattoo frame 103, and a tattoo shuttle 104 configured to carry a
tattoo needle. The tattoo machine 101 can move the tattoo shuttle 104 while the tattoo
frame 103 is against the target tattoo site. The tattooing apparatus 100 can also include
one or more sensors 116 and at least one controller 109. The sensors 116 can be carried
by the shuttle 104 and/or a component of the shuttle 104 and configured to measure at
least one characteristic of a subject’s skin. The tattooing process can be controlled based
at least in part on the measured characteristic(s) of the portion of skin, such as skin

elasticity, impedance, or thickness (including thicknesses of one or more skin layers).

[0064] The cantilevered tattoo machine 101 can be a structural element connected
to the tattoo shop floor, which holds the rest surface 102, the tattoo frame 103, and the
tattoo shuttle 104. The cantilevered tattoo machine 101 can be configured to provide
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structural support and stability to the tattooing system 90 and its components. In some
embodiments, the cantilevered tattoo machine 101 can include motors (e.g., drive motors,
stepper motors, etc.), robotic arms (e.g., multi-axis arms), gantry devices, linear slides,

rails, sensors (e.g., position sensors, accelerometers, etc.), motors, rails, or the like.

[0065] With continued reference to Figure 1B, the tattooing apparatus 100 can be
actuated through a cantilevered X gantry 105 along an axis, illustrated as an X axis. The
X gantry 105 may be a mechanical gantry that moves on the X axis and connects the
tattoo shuttle 104 to the cantilevered tattoo machine 101. A'Y axis may be orthogonal to
the X axis in a plane of the tattoo frame 103. An N axis may be normal to a plane formed
by the X and Y axes. A Z axis may be formed with a degree of inclination relative to the
N axis. In one embodiment, the Z axis is not orthogonal to the plane formed by the X and
Y axes. For example, the Z axis may have a 10 degree, 15 degree, or 20 degree
inclination to the XY normal (N axis) in the XZ plane, and 0-degrees in the YZ plane. In
another example, the Z axis may have more or less than a 15-degree inclination in the
XZ plane, and more or less than about O-degrees in the YZ plane. In another embodiment,
the Z axis is orthogonal to the plane formed by the X and Y axes.

[0066] The rest surface 102 can be a pad with a set of inflatable bladders or
pneumatic actuator for precise alignment of a body part to be tattooed. For example, the
pneumatic actuator may be configured to maintain a tattoo area of the body in contact
with the tattoo frame 103, while applying low enough pressure as to not interrupt blood
perfusion of the body part. The rest surface 102 may be configured to orient the body part
to be tattooed in a relaxed position for the subject. The pad of the rest surface 102 may
vary in size, shape, and configuration. For example, the pad may be larger or smaller
than the tattoo frame 103. In a particular embodiment, the pad may be larger than the
largest tattoo frame 103. In another example, the pad may comprise of multiple segments
and/or shapes. The rest surface 102 can be raised or lowered so that its height is capable
of being set manually, or automatically, with n degrees of freedom. For example, rest
surface height can be set with 3+1 degrees of freedom. In another embodiment rest
surface height can have more or less than 3+1 degrees of freedom. The rest surface 102

can be rotated manually and/or set monobloc with the cantilevered tattoo machine 101.



WO 2021/016590 PCT/US2020/043588

In some embodiments, the pad 102 may not be actuated or necessary and the tattoo
machine 100 may be positioned to apply the appropriate contact force to the body part
regardless of its orientation and rest surface, such that the contactor 120 of Figure 2 is in
contact with the area to be tattooed and/or for the frame 103 to hold the body part of

interest in place.

[0067] The tattoo frame 103 may be a flat frame surface in contact with the skin to
isolate the area where the tattoo is to be applied. The tattoo frame 103 may be fixed in
the YN direction and all rotations with respect to the tattoo shuttle 104, and/or also fixed
with respect to the cantilevered tattoo machine 101. The tattoo frame 103 may comprise
a variety of shapes and sizes. In one embodiment, the tattoo frame 103 can be generally
rectangular with a window (e.g., a polygonal window, rectangular window, etc.) to isolate
the area of skin where the tattoo is to be applied. In other embodiments, the tattoo frame
may be, for example, circular, ovular, or any other shape. The tattoo frame 103 may be
equal to, larger, or smaller than the rest surface 102. The size and shape of the tattoo
frame 103 can generally correspond to an area of the body to be tattooed. For example,
in one embodiment, an appropriate tattoo frame 103 may generally match the size of the
area of the body to be tattooed. In some embodiments, the tattoo frame 103 size may be
between about 20x20mm to about 100x300mm. Additionally, the tattooing apparatus 100
may have a plurality of tattoo frames 103 that maintain contact with the skin and expose
a tattoo zone. In some embodiments, tattooing apparatus 100 may utilize one or more
tattoo frames 103 that are interchangeable and chosen based on the desired tattoo. The
tattoo zone can be rotated and repositioned to match a location of the tattoo. In some
embodiments, the tattoo frame 103 can be omitted and other means can be employed to
hold the body part of interest in place and/or at least detect movement of the body part of

interest before, during, and/or after the tattooing process.

[0068] The controller 108 can be a computing device with one or more displays for
displaying artwork, tattoo designs, stenciling, tattoo needle paths, tattoo session
information (e.g., length of session, costs, color of inks to be applied, etc.), and/or
visualization of artwork to be applied. In some embodiments, a display 99 can provide

visualization of artwork selected by the client. The client can input location information
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such that the system virtually applies the tattoo using augmented reality or other
visualization techniques. A user can specify a location by overlaying an image of the
design on an image of their skin (e.g., via a live feed from their camera, a previously
captured image, etc.). The system can then use computer vision techniques to identify
position and orientation of the design in relation to, for example, the body party and/or
one or more skin features, such as existing tattoos, moles, hairs, wrinkles, blemishes, etc.
The position and orientation of the design, in relation to these skin features, can then be
stored (e.g., stored by controllers 108 and/or 109), allowing the tattooing system 90 to
recognize these skin features and apply the selected design with the same position and

orientation characteristics.

[0069] If a color tattoo will be applied, the tattooing system 90 can automatically
select recommended colors based on the tattoo design, skin characteristics (e.g., skin
color, skin tone, etc.), and/or other tattoo parameters. For example, the tattooing system
90 can have a pre-determined mapping of skin characteristics to preferred or undesirable
tattoo characteristics that it can use to make suggestions when a user identified to have
such a skin characteristic selects a design with undesirable tattoo characteristics or
without preferred tattoo characteristics. In some implementations, this mapping can
include corrective measures, such as a change in color or tattoo position when such a
suggestion is made. The client and/or operator can select the size the tattoo, color the
tattoo, place in the tattoo, and/or parameters based on the displayed information. The
display 99 can be a touchscreen to enable convenient input. Additional details of
selecting, viewing designs, and input information about tattoos are discussed in
connection with Figure 9. A stencil can be applied to the customer to review the design’s
positioning on the skin before starting the tattooing operation. Positioning of the design
and/or stencil may also be reviewed using augmented reality. In some embodiments, a
final tattoo design can be overlaid on a camera image or live video, based on the
positioning and deformation of the applied stencil on the image detected by machine

vision.

[0070] Referring to Figure 1B, a container 121 can be fluidically coupled to a

needle structure (e.g., needle structure 140 of Figure 2). The tattooing apparatus 100
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(Figure 1B) can include a fluidic system having one or more lines (e.g., hoses, multi-lumen
conduits, etc.), pumps (e.g., peristaltic pumps, diaphragm, piston or centrifugal pumps,
piezoelectric pumps, etc.), valves, manifolds, filters, sensors (e.g., pressure sensors, flow
sensors, etc.), and other fluidic components. The container 121 can be a bottle, cartridge,
or other container suitable for holding fluid. In some embodiments, the tattooing
apparatus 100 is configured to hold multiple containers to apply color tattoos, avoiding
downtown for replenishing fluid, or the like. The number of containers, volume of the
containers, and configuration of the fluidic system can be selected based on the desired
system functionality. The tattooing system 90 can include any number of pumping
mechanisms, such as peristaltic pumps, diaphragm, piston or centrifugal pumping,
piezoelectric pumping, capillary effects and so on. The configuration of the pumping
mechanisms can be selected to provide the desired volume of ink to the needle tip when

the tattoo is performed while not overflowing the needle reservoir.

[0071] Figure 2 is a schematic isometric view of an embodiment of the tattoo
shuttle 104 of the tattooing apparatus 100. The tattoo shuttle 104 can include an arm 110,
a contactor 120, a target site analyzer or machine vision device 130 (“machine vision
device 130”), and a needle structure 140. The X gantry 105 can connect the tattoo shuttle
104 to the cantilevered tattoo machine 101. In some embodiments, the tattoo shuttle 104
can slide relative to the cantilevered tattoo machine 101 on the N axis. The sliding relation
may be provided by one or more spring mechanisms, linear slides, rail systems, or the
like. The arm 110 can be part of the tattoo shuttle 104 and may be connected to the tattoo
shuttle 104 through the Y gantry 106 and precision X gantry 107. The Y gantry 106 may
be a mechanical gantry movable along the Y axis. The precision X gantry 107 may be a
mechanical gantry movable along the X axis. Both the Y gantry 106 and the precision X
gantry 107 may connect the arm 110 to the tattoo shuttle 104 to allow movement of the

arm 110 along the X and Y axes.

[0072] The arm 110 may be further configured to hold actuators, such as, for
example, a needle motor 111, an actuator 112 (e.g., zero stepper actuator), and an arm
solenoid actuator 113. In one embodiment, needle motor 111 may be an electric motor

configured to generate the rotational movement of a cam 114. In other embodiments,
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needle motor 111 may comprise of any other type of motor or method for generating
rotational movement of cam 114. The needle motor 111 may also be connected to motor
gantry 115, which is a structure that holds the needle motor 111 that can be lowered or
raised by the action of the arm solenoid actuator 113. In one embodiment, the actuator
112 may be a stepper motor connected to the arm 110 and configured to set a needle
maximum extension. In one embodiment, the arm solenoid actuator 113, may be a
solenoid connected to the arm 110 which controls a position of the motor gantry 115. The
arm 110 may be configured to be movable in the X, Y, and Z axes. In one embodiment,

the arm 110 may also hold the needle structure 140.

[0073] In one embodiment, the contactor 120 may be a disposable component in
contact with the skin and monobloc with the tattoo shuttle 104. The contactor 120 may
comprise of a variety of shapes and sizes and may be configured to flatten the skin and
keep excess ink and other fluid(s) from spreading. For example, in one embodiment the
contactor 120 is generally rectangular and/or flat with a rectangular window configured to
flatten and expose a portion of the skin to the needle structure 140. In other embodiments,
however, the contactor can be shaped and/or sized in accordance with a contour of the
area to be tattooed. In one embodiment, the contactor 120 is in contact with the skin and
can move along the X axis. While in contact with the skin, the contactor 120 may apply a
nominal force on the skin in the N axis direction, as referenced in Figure 1B. The amount
of force can vary, but in one example, the force may be between 1 Ib and 10 Ib. In some
embodiments, the applied force can be less than about 1 1b, 21b, 31b, 41b, 51b, 6 Ib, 7
Ib, 8 Ib, 9 Ib, or 10 Ib. The contactor 120 may contain a window that exposes a flattened
area of skin. The window may comprise of a width and a length that varies in direction
and magnitude. For example, the window length may be in the Y axis direction while the
window width may be between 0.5mm and 5mm. In another embodiment, the window
may span from one end of the tattoo frame 103 to the other end of the tattoo frame 103

in the Y axis direction.

[0074] The machine vision device 130 can be part of the shuttle 104 or a separate
component of the apparatus 100. The machine vision device 130 can include an imaging

device 131 and a lens 132 and be configured to obtain one or more images of a portion
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of skin. The imaging device 131 may be, for example, one or more sensors, cameras, or
image capture elements connected to the lens 132. In other embodiments, the imaging
device 131 may be a plurality of sensors or a digital camera. In one embodiment, the lens
132 may be a telecentric lens, such as a set of optical elements normal to the XY plane
and focused on the window of contactor 120. The orientation of the telecentric lens 132
and its field of vision for the machine vision device 130 may vary, however. For example,
the field of vision may span the entirety of a tattoo field. In another example, the machine
vision device 130 may be kept at a fixed distance from the contactor 120 to keep the skin
in the depth of field of the telecentric lens 132. Additionally, in another embodiment, the
lens 132 may be fixed with respect to the contactor 120 and the tattoo shuttle 104. In
some embodiments, the machine vision device 130 may additionally include an
illumination system such as a light source (not shown). The illumination system may be

positioned such as to minimize specular reflection toward the machine vision device 130.

[0075] In some embodiments, the needle structure 140 can include a needle
cartridge 141, needle 142, needle piston 143, needle spring 144, plunger 145, and cam
114. The needle cartridge 141 may be a disposable component holding a tattoo needle
and composed of the needle spring 144, needle piston 143, and needle 142. The needle
cartridge 141 may be connected to the tattoo shuttle 104, but alternatively, may be
configured to be removably coupled with the tattoo shuttle 104. The needle 142 may be
a stainless-steel needle composed of a plurality of tapered and sharpened rods brazed
together. The configuration of the needle 142 and cartridge 141 can be selected based

on the tattoo to be applied, characteristics of the subject’s tissue, or the like.

[0076] The needle piston 143 may be a plastic rod holding the tattoo needle 142.
The needle spring 144 may be a plastic membrane connected to the needle piston 143.
The plunger 145 may be a metal rod joined to the cam 114 and the needle piston 143.
The cam 114 may be a metal cam with a fixed eccentricity transforming, together with the
plunger 145, the rotational movement of the needle motor 111 to a linear movement of
the needle piston 143, and subsequently the needle 142, along the Z axis. Alternatively,
the components of the needle structure 140 may be of any suitable material aside from

those mentioned for the embodiment described. In other embodiments, the components

22



WO 2021/016590 PCT/US2020/043588

such as the needle motor 111 and cam 114 may be replaced by any other method suitable

for generating movement (e.g., linear movement) of the needle piston 143.

Methods for Applying Tattoos

[0077] Figure 3A is a block diagram of a tattooing process 300 in accordance with
an embodiment of the disclosure. The tattooing process 300 can be used to apply tattoos
(e.g., micro tattoos, dotwork, blackwork tattoos, realism tattoos, fine-line tattoos, etc.) and
other permanent or temporary artwork. Although certain features of the method 300 are
described with respect to embodiments of Figures 1A-2, it will be appreciated that the
process 300 can be performed using any of the systems, devices, and technology
discussed with respect to Figures 5A-19.

[0078] In step 301, a portion of skin that will receive the tattoo can be shaved and
cleaned. For example, an operator (e.g., operator 72 of Figure 1A) can manually clean
and shave the site. The preparation protocol can be selected based on the subject’s
health, characteristics of the target tattoo site (e.g., amount of hair, skin condition, size of
target site, appearance of skin, etc.), characteristics of tattoo site (e.g., a flat region, a

curved region, etc.), or the like.

[0079] In step 302, a stencil can be applied to the portion of skin. The stencil may
be a set of dots printed on transfer paper that serves as a positional fiduciary to identify
the deformation of the skin during the tattooing process. Techniques for identifying
deformation of the skin are discussed in connection with Figure 7. In one embodiment,
the stencil may also contain an outline or contours of the design for the subject to preview
the placement of the tattoo. An algorithm may be used to generate the contour from a
design. Generation of contours or outlines of a tattoo design is discussed in connection
with Figure 19. The stencil may also comprise of a subset of dots with variable shapes or
patterns to encode dot positions. The size, shape, color, and density of the dots of the
stencil may vary. In one embodiment, the dots may correspond to dot positions on a dot
parameter table. The stenciling can be applied by an operator or the tattoo apparatus. In
some embodiments, a stenciling protocol can be generated based on the tattoo design.
The stenciling protocol can include, without limitation, generating a pattern of reference
features (e.g., temporary dots) generated to assist with machine vision-based positioning
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of a tattoo device. For example, spacing between reference features can be reduced to
apply micro tattoos. In some embodiments, automated and manual procedures are used
to prepare the treatment site. For example, the stencil can be manually applied to the
treatment site, and the tattoo apparatus can then apply a pattern-encoded set of reference
features to the target site. In some embodiments, the stencil may be transferred to the
skin by the intermediary of a flat substrate, such as paper, onto which the stencil design
may have been printed using an appropriate dye to temporarily stain the skin. These
stencil and reference features can be used to determine where to puncture the skin to
produce the desired tattoo. The manual and automated steps of a stenciling protocol can
be selected based on the functionality of the tattooing apparatus. In some embodiments,

the natural features of the skin may be used as a reference fiducial instead of a stencil.

[0080] After application of the stencil 302, the subject and tattooing apparatus
operator may check the stencil 303. The subject may review the stencil application and
either approve or disapprove of the design placement. The operator may review the
stencil for quality of application. In some embodiments, for example, a stencil deposition
should be such that a transfer of fiducial marks is adequate to perform a machine vision
algorithm and the pattern formed by the fiducial marks should not be substantially
deformed when the skin is relaxed. If the stencil appears misplaced or the application is
not accepted by the client, the stencil application step may be repeated until accepted. In
one embodiment, the tattooing apparatus 100 may review the stencil for placement and/or
application, automatically using, for example, one or more machine learning models
trained to review stencil results for quality (e.g., could use past accepted and rejected

stencil applications as training data).

[0081] Following approval of the stencil application, lubricant is applied in step 304.
A variety of suitable lubricants with different viscosities and hydrophobic properties may
be suitable for use. For example, a lubricant with a viscosity between 10cps and 500cps
with hydrophobic properties to increase the contact angle between ink droplets and skin
may be used. The lubricant can be chosen such that the type and viscosity of the lubricant
may allow it to protect the epidermis top surface from being stained by ink and/or increase

ease of removal of the ink and/or lubricant by suction via suction system (e.g., suction
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systems 150, 450). In some embodiments, the lubricant may be applied automatically by

the machine 100 when and where it is suitable by an intermediary of a fluidic system.

[0082] Tattoo machine preparation 305 can occur after the lubricant is applied in
step 304. Some steps of the machine preparation 305 may be performed before the arrival
of the client and/or after selection of the tattoo to be applied. The tattoo machine
preparation step 305 may comprise of a variety of activities and may differ between
tattooing processes 300. Referring now to Figures 1B and 3A, in one embodiment, the
operator may begin by mounting an appropriate tattoo frame 103 (Figure 1B), which
corresponds to the area of the body to be tattooed, such that the tattoo frame 103 is in
contact with the skin to isolate the area where the tattoo is to be applied. In one
embodiment, the tattoo frame 103 may be configured such that an operator may mount
one or more sterile electrodes 117 (two illustrated in Figure 1B) to the tattoo frame 103.
The electrodes 117 may comprise of the same or different electrodes capable of making
at least one type of measurement. For example, the one or more electrodes 117 may be
a plurality of electrodes for measuring galvanic response. In one particular embodiment,
the one or more electrodes 117 may already have been mounted on the tattoo frame 103
prior to preparation. The number, type, and positioning of electrodes 117 may vary
depending on the desired measurements and configuration. In one embodiment, for
example, one electrode 117 may be mounted at a location more proximate to the
contactor 120 than another electrode 117. In other embodiments, electrodes 117 may be
placed or located on other parts of the tattooing apparatus 100 and/or on the subject’s
body. Following mounting the tattoo frame 103, the operator may then proceed to isolate
the tattooing area from the rest of the body and tattooing apparatus 100 by mounting, for

example, a sterile membrane and/or bag system.

[0083] Referring again to Figure 2, the operator may then mount a sterilized needle
cartridge 141 and an ink cartridge (not shown) to the tattooing apparatus 100. In one
particular embodiment, the needle cartridge and/or ink cartridge can be coupled to the
needle structure 140. Example needle cartridges are discussed in connection with
Figures 10A and 10B.
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[0084] With continued reference to Figures 1A-3A, after mounting the needle
cartridge 141 (Figure 2) and ink cartridge, the operator may then mount additional
components of the machine vision device 130 (Figure 2) to the machine. In one
embodiment, the additional components of the machine vision device 130 may be a sterile
imaging device 131 and vision viewport. The vision viewport may be a sterilizable
viewport suitable for camera vision. Other embodiments may comprise of more or less
different components. In one particular embodiment, the machine vision device 130 may
already contain all necessary parts and preparation may comprise only of sterilizing the

parts.

[0085] Additionally, the operator may mount a suction system 150 (Figure 2) to the
tattooing apparatus 100. The suction system 150 may comprise of one or more conduits,
lines, pumps, valves, nozzles, containers, filters, and/or other components. In one
embodiment, the suction system 150 may be, for example, a sterile, single usage suction
line comprising of a nozzle, tubing, a microperforated air filter, and a liquid trap. In other
embodiments, the suction system 150 may be reusable and/or comprise of more or less
parts. In one particular embodiment, the suction system 150 may already be mounted to
the machine and preparation may comprise only of sterilizing the suction system 150.

[0086] Following preparation 305 of Figure 3A, the tattooing apparatus 100 may
calibrate itself, or may be calibrated by the operator, in tattoo machine calibration
step 306. Tattoo machine calibration 306 may comprise of running all or some of the
actuation systems and sensors to evaluate nominal functioning. Referring now to
Figures 2 and 3A, the tattooing apparatus 100 may perform zero reference calibration by
measuring its range. In one embodiment, range can be measured through using a
plurality of end range sensors, encoder sensors, etc. to calibrate the position of the needle
142 in space. Running all sensors may also comprise of running components of the
machine vision device 130 such as the imaging device 131. In one embodiment,
calibration may comprise of using an algorithm to run a diagnostic of the sensors and
imaging device 131. Additionally, a conductivity test may be performed to confirm
connection of one or more electrodes to the machine and/or to the skin. The calibration

step 306 may also comprise of using a reference pattern in the tattoo frame 103 to confirm
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camera vision and illumination. In various embodiments, the calibration step 306 may
comprise of more or less than the preceding steps as well as other steps suitable for
appropriate calibration of the machine for the tattooing process. In some embodiments,
the calibration step 306 can be omitted. In some implementations, parts of the calibration
process can be performed at other times, such as when the tattooing apparatus 100 is
powered on, prior to the stencil application, prior to the tattoo machine preparation step
305, or other suitable time.

[0087] Following calibration step 306 of Figure 3A, the operator may then proceed
to positioning step 307, which may comprise of positioning the tattooing apparatus 100
appropriately relative to the area to be tattooed and confirming a proper positioning.
Referring now to Figures 1A-3A, positioning the tattooing apparatus may comprise of
selecting the appropriate size of tattoo frame 103, orienting the subject and area to be
tattooed relative to the rest surface 102 and tattoo frame 103, and aligning a machine
tattoo zone with the area to be tattooed by rotating and/or repositioning the tattooing
apparatus 100 and/or subject to match a location of the tattoo. An operator, or the
machine itself, may then confirm appropriate positioning by using the machine vision
device 130, e.g., to determine that identified skin features and/or stenciling are positioned
to allow the tattooing apparatus 100 to apply the selected design with the previously
determined position and orientation characteristics. In one embodiment, the machine
vision device 130 may use a machine vision algorithm to identify each dot position in a
stencil and compare it to a vector-based stencil design. The position of the stencil with
respect to the tattoo frame 103 may be validated as well as whether there is a correct
transfer of dots for calculating skin stretch and/or deformation. If the stencil deposition is
such that the transfer of fiducial marks is inadequate to perform the machine vision
algorithm and/or if the tattoo frame 103 is not properly positioned, an operator error is
generated suggesting either reapplication of the stencil or realignment of the tattoo frame
103. In one embodiment, for example, an error may be generated if a sufficient number
of dots corresponding to an aspect of the design (e.g., design contour) do not match. The

machine vision device 130 may include one or more controllers storing the machine vision
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algorithms. Alternatively, separate controllers (e.g., controllers 108, 109) can perform the
machine vision algorithms.

[0088] After confirming that the machine is properly positioned, skin puncture
property acquisition step 310 may then be performed by the machine itself, or the
operator. Figure 3B illustrates an expanded block diagram of an embodiment of the skin
puncture property acquisition step 310. For example, the skin puncture property
acquisition step 310 may comprise of performing a series of punctures distributed around
the area to be tattooed with no ink. In some embodiments, multiple punctures may be
performed for each position. The machine may be set to a safe depth setting such that
the epidermis and dermis are punctured in the process. For each of the positions,
information about the puncture operation is recorded with one or more sensors, which
may be redundant for reliability. In one embodiment, the one or more sensors may
include, but are not limited to, a load cell sensor, an accelerometer, an encoder, a set of
galvanic electrodes, and a vibration sensor. The load cell sensor may be located on the
needle plunger 145 of Figure 2 and may be configured to measure a load applied to the
plunger 145 during tattooing. The accelerometer may be on the plunger 145 and may be
configured to measure an acceleration of the needle 142. The encoder may be located
on the needle motor 111 and may be configured to measure an angular position of the
needle structure 140. The set of galvanic electrodes may be configured to measure an
impedance of the needle 142 to skin contact relative to an impedance of the skin alone.
The vibration sensor may be configured to measure a vibration of the contactor 120. The
locations, quantities, and types of sensors may vary depending on the particular
embodiment and process.

[0089] Referring now to Figures 2 and 3A, the sensors can measure properties of
the needle/skin system and precisely identify when skin puncture events occur during one
rotation of the needle motor 111 (Figure 2). Certain factors related to the needle/skin
system may influence the complex behavior of the skin in terms of deformation and failure.
For example, needle sharpness, number of needles, needle gauge, and speed may all
be influencing factors. Additionally, certain skin characteristics such as elasticity,

impedance, thickness, etc. may also be influencing factors. By measuring when the
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different layers of the skin fail (colloquially, when puncture occurs), the configuration of
the machine can be varied by varying needle 142 (Figure 2) extension out of the cartridge
141 and needle motor 111 speed such that a force applied to the skin is minimized and a
maximum extension of the needle 142 can be insured. One rational is that an ultimate
position of a tip of the needle 142 should be in the papillary zone of the dermis for optimal
tattooing (e.g., to prevent or limit scattering, subdermal diffusion, etc.).

[0090] Referring again to Figure 2, one or more of the exact elastic property of the
skin, thickness of the skin, sharpness of the needle 142, and/or exact force transfer from
the needle 142 to the skin may be unknown. Puncture tests can be performed on the skin
to determine one or more machine settings. The puncture events can integrate some or
all the parameters needed to pilot the needle 142 without having to measure skin
characteristics, needle characteristics, and/or machine characteristics. In particular, the
skin may be susceptible to deflection and compression, which are the primary
determinates of the layer of tissue in which the needle reached. The deflection of the skin
can be proportional to the distance traveled by the needle 142 between first skin contact
and epidermis puncture. The measurement of skin contact, initial puncture, needle
displacement and/or needle extension (e.g., maximum needle extension) can be used to
pilot the height of the motor gantry 115 compared to the needle cartridge 141, which in
turn can set the ultimate extension of the needle 142. For reliability, each position may be
subjected to a train of punctures ranging from 1 to 50 punctures and the measured metrics
may be averaged over multiple punctures. In some embodiments, the sensing strategy
may be configured to detect a depth of the needle during a puncture event based at least
in part on a relationship between a force applied to the skin and the depth of the tissue
layer interface. Another embodiment of the current sensing strategy may be configured
to detect the depth of the needle during a puncture event based at least in part on the
contact conductivity (including changes in contact conductivity) of the needle against the
skin, relative to the conductivity of the skin alone. The detected puncture event may be,
for example, the failure initiation of the epidermis during the needle transition from surface
of the epidermis to the epidermis to dermis layer interface. In some embodiments,

determination of a proper height setting, needle extension, puncture event depth, and/or
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predicted depth of ink deposition may be based at least in part on the force applied to the
skin. In other embodiments, determination of a proper height setting, needle extension,
puncture event depth, and/or predicted depth of ink deposition may be based at least in
part on the contact conductivity, such as the variation of the contact conductivity of the
needle against the skin, relative to the conductivity of the skin alone as exemplified and
discussed in connection with Figures 12A and 12B. The puncture events can be identified
by analyzing the conductivity data. For example, puncture events can be determined
based on, for example, extrema of the conductivity curve obtained by the galvanic sensor,
as well as the extrema of its first derivative with respect to time, as exemplified and
discussed in connection with Figure 12B.

[0091] For each location on the skin tested, the target needle 142 extension
parameter (e.g., maximum displacement) for the execution of a dot of acceptable quality
may be calculated using one or more algorithms based on collected data associated with
initial or first contact, skin puncture, and maximum depth as exemplified and discussed in
connection with Figures 12A and 12B. The data for each of the test positions can be
stored. In one embodiment, for example, calculating the correct ultimate needle extension
(e.g., maximum displacement of the needle or puncture depth) may be based at least in
part on: a relative impedance of the skin/needle contact compared to the skin impedance
as measured by the galvanic electrodes, a force magnitude, needle speed, needle
acceleration, an angular position correlating to a needle 142 position at a certain time, or
an algorithm that uses measured puncture events such as contact with skin, initial
epidermis failure, additional layer failure, or ultimate needle 142 position to evaluate the
maximum needle 142 position that results in a correctly applied tattoo dot. The collected
data and metrics collected for each position tested can be stored, aggregated, analyzed,

etc.

[0092] In one embodiment, an algorithm for predicting the ultimate needle depth in
relaxed skin can be based on the sum of a weighted polynomial or any other set of
relevant basis functions of the sensor measurements. Experimental calibration can be
used to obtain the coefficients associated with each polynomial term. The depth prediction

is then compared to the desired depth on relaxed skin to issue a change of height of the
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needle 142. An algorithm can be used to predict the depth of ink deposition based on the
needle position at contact, the needle position at initial puncture, the needle position at
max extension, the needle position when exiting the skin, and/or the angle of attack of the
needle. lllustrative diagrams of example puncture events, for reference are discussed in
connection with Figure 12A. The extrema of the output of the galvanic sensor can be
correlated to each example of the puncture events as discussed in connection with Figure
12B.

[0093] Referring again to Figure 3A, the skin puncture property acquisition 310 can
include determining an initial deflection to puncture, which is the distance traveled by the
needle from the time of first skin contact to the time of initial skin puncture. A distance
traveled to puncture corresponding to the difference between a position of initial skin
puncture and a position at skin contact can be derived. This distance is the initial
deflection. Similarly, a distance traveled in the skin to max extension, which is the max
extension, is the difference between a position at a predetermined or maximum extension
and the position at contact. Because the skin deforms during puncture, the predetermined
or maximum extension is not directly linked to the depth of ink deposition. Similarly, the
initial deflection can relate only to the deflection until puncture, not the deflection at
maximum depth, which is the total deflection. The total deflection may be assumed in the
algorithm to have an affine relationship with the initial deflection. A more complex
relationship between total and initial deflection may be devised based on weighted
polynomials or any set of relevant basis functions. A prediction of the depth of ink may
be obtained by deriving an affine relationship (or another appropriate mathematical fit)
between the depth of ink and the difference of the max extension and the total deflection,
accounting for the necessary trigopnometric relations due to the needle angle with respect
to an axis normal to the skin’s surface. In some embodiments, the desired ink location for
human skin may lay between 0.5mm and 1.2mm deep on relaxed skin. In some
embodiments, the change in needle 142 height setting can be calculated to be the
difference between the predicted depth and the desired ink location. From the calculations
and measurements, a corresponding map of the tested positions on the skin containing

the measured and/or calculated metrics such as, for example, a needle height, a needle
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extension, and/or a predicted depth of ink deposition may be generated and stored. The
depth of the ink may be used as a non-visual metric to evaluate dot quality. A method for
the determination of the puncture parameters based on training data explicitly introducing
dot aesthetic quality is discussed in connection with Figure 13.

[0094] In one embodiment, each position on the skin may be identified by the
machine vision device 130 (Figure 2) to confirm an absolute skin location. In normal
operation of the machine, the skin is stretched resulting in a planar elastic deformation.
This in turn means that the position of the machine needle 142 does not necessarily match
with the position on the skin due to skin stretch. The machine vision device 130 may be
used to acquire at least one image of the skin and a digital image correlation or other
image analysis method may be used to calculate a skin displacement field. An
embodiment of this method is presented in connection to Figure 7. This displacement
field may be used to calculate the true location of the needle 142 on the skin such that
the set of sensor data used for defining a proper needle extension for each skin location
is in a relaxed skin frame of reference. An algorithm that calculates skin deformation may
be used to identify the position of the needle 142 from processing of at least one acquired
image of the skin. Additionally, information about skin puncture in a skin positional frame
of reference may be recorded in a database. The database may also, for example, record
the prescribed needle extension at the sensed puncture position in an undeformed
positional frame of reference of the skin.

[0095] Once all the prescribed positions designated for testing of the skin have
been punctured, the punctures analyzed, and the prescribed needle extension for these
positions saved, an interpolation algorithm may be used to interpolate the needle
extension for all the dot locations that are part of the tattoo design. This allows evaluation
of the proper height setting of the machine. The interpolation algorithm may be, for
example, an algorithm that interpolates the prescribed needle extension from the test
puncture points to the dot positions corresponding to positions not tested. The
interpolation can include determining a depth plane for all punctures that is a fit to the

saved positions and applies a smoothing function between them.
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[0096] Figure 3B illustrates an embodiment of the skin puncture property
acquisition suitable for the step 310 that is shown in Figure 3A. The skin puncture
property acquisition step 310 can begin, in step 311, at position i. A puncture train is then
run at position i, which may consist of at least one puncture 312. Data measured from the
punctures by at least one sensor may then be analyzed for each position i 313. Certain
puncture metrics may be calculated and a machine setting for position i may be
determined based on the measured data and appended/recorded for position i as in step
314. For example, the machine setting may be based at least in part on any of the
calculations as described. In one embodiment, the machine setting may be at least a
proper height setting, needle extension, and may include parameters based upon
puncture events, tissue layer interface depth, or predicted depth of ink deposition. Steps
311-314 may be repeated for all testing positions 1 to n according to test position table
315. The appended and recorded machine settings may then be used to update dot
parameters of a dot parameter table 316, which may be representative of the tattoo
design. The updated dot parameter table 316 may comprise of one or more dot positions,
wherein at least some of the dot positions may correspond to the tested positions of test
position table 315. In one embodiment, there may be more dot positions than tested
positions and machine settings may be interpolated for the dot positions that do not have
a corresponding test position 317. For example, machine settings can be interpolated for
dot positions that do not correspond to tested positions of the test positions table 315
based on the appended and recorded machine settings for tested positions. In another
embodiment, there may be the same number of dot positions as tested positions, and the
tested positions may correspond to all dot positions in the updated dot parameter table
316.

[0097] Referring now to Figures 3A and 3C, the tattoo application process step 320
follows completion of skin puncture property acquisition step 310. Figure 3C shows an
expanded block diagram of an embodiment of the tattoo application process step 320. In
one embodiment, tattoo application process step 320 may be based at least in part on
the updated dot parameter table 316 (Figure 3B) with corresponding appended and

recorded machine settings. In one example, a map of prescribed needle depths may be
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defined based at least in part on the updated dot parameter table 316. Once the map of
prescribed depths is defined, the tattoo machine repositions itself at the beginning of the
tattoo field. Referring now to Figure 2, the imaging device 131 (Figure 2) may be used to
scan a tattoo window i. In some embodiments, tattoo window i may correspond to a
window of the contactor 120. The suction system 150 may be turned on. A machine vision
deformation algorithm and a position algorithm may be used to evaluate the deformation
of the skin as well as the position of the contactor 120, respectively. Algorithms for
detecting the skin deformation and contactor position are discussed in connection with
Figures 6A, 6B, and 7.

[0098] The deformation of the skin may be used to identify the positions of the
tattoo dot prescribed in the reference undeformed vector-based graphics (one or more
vector graphics) in the frame of reference of the contactor 120. The gantry movement of
the tattoo shuttle 104 (Figure 1B) is prescribed for realizing the tattooing of all dots that
are within a central subset of the tattoo window i from one side to the opposite side in the
Y direction. Ink may be added to the needle cartridge 141 and/or ink cartridge by an ink
recharging process. This ink recharging process may be repeated mid tattooing of the
window i if the level of ink in the needle cartridge 141 and/or ink cartridge is insufficient to
tattoo all the dots present in the tattoo window i.

[0099] With reference to Figures 1B, 2, and 3B, the needle motor 111 is started to
reach expected tattoo speed and to wet the needle 142 tip with ink. The zero-stepper
actuator 112 is set for the needle extension of a first tattoo dot in the window i. The X
gantry 105 and Y gantry 106 are actuated to position the needle 142 tip over the first dot
location. The arm solenoid actuator 113 is energized to drop the motor gantry 115 down
such that the needle piston 143 is compressed by the needle plunger 145 and that needle
oscillation occurs at the Z reference set by the zero-stepper actuator 112. A reason for
the arm solenoid actuator 113 is to rapidly engage the needle 142 with the skin without
the needle motor 111 starting inertia. The needle 142 oscillates between a high position
and a low position defined by the maximum needle extension controlled by the zero-
stepper actuator 112. A number of punctures for a single dot may be set by a design file

and may vary the dot size and color density. For example, the number of punctures for a
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single dot may be between 1 puncture and 50 punctures. An encoder sensor system and
a galvanic sensor system may count the number of punctures and trigger the arm solenoid
actuator 113 to raise the arm 110 when the prescribed number of punctures for that dot
is reached (or calculated to be reached by taking into account transient effects related to
actuation time).

[0100] The machine vision device 130 (Figure 2) can be used to confirm correct
dot application at that time. Once the arm 110 is confirmed to be raised by the sensor and
algorithm, the needle 142 is not in contact with the skin and the gantry actuation is
engaged to position the machine to the appropriate X and Y location and the calculated
Z reference of the next dot to be tattooed. This tattoo process is repeated for all positions
to be tattooed identified by the machine vision algorithm within the tattoo window i. The
suction system 150 may be on throughout the process and may collect superficial drops
of ink to improve the visibility for the machine vision device 130, or may be turned on
when suction is necessary to remove fluids...

[0101] Once a selected number (e.g., all the dots in the tattoo window i) are
tattooed, a drainage system, which may comprise part of the suction system 150, may be
triggered to remove the chance of ink dropping from the cartridge because such ink drops
compromise the imaging of the skin by machine vision device 130. The needle motor 111
may then be turned off. The contactor 120 may be actuated forward in the X direction by
a fraction of the window width, such that each new window of tattooing i+1 may overlap
with at least a portion of a preceding window i. The forward direction is decided based on
the natural growth direction of the tissue, which is generally from a base to extremities of
the limbs, or for trunk tattoos, in the direction of gravity. The tattooing of the contactor 120
window in the new position i+1 repeats the same steps from the preceding tattoo window
i and is reiterated until the end of the tattoo field is reached m. Once this is the case, the
tattooing apparatus 100 may be put in a safe position and all actuators may be turned off.
[0102] Figure 3C illustrates an embodiment of the tattoo application process
suitable for step 320 shown in Figure 3A. Referring now to Figure 3C, the tattoo
application process step 320 may begin at window position i as in step 321. The machine

vision device 130 may then acquire at least one image of the stencil and store it in a raw
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image database as in step 322. A position algorithm may be used to calculate a position
of the contactor 120 (see Figure 2) and window i. Similarly, a deformation algorithm may
be used to calculate a deformation of the skin at window i to identify the positions of the
tattoo dot prescribed in the reference undeformed vectoral graphics in the frame of
reference of the contactor 120. Both the position algorithm and the deformation algorithm
may take into account at least a stencil reference image 324 when calculating the position
and skin deformation in step 323. Algorithms for calculating the position and skin
deformation are discussed in connection with Figures 6A, 6B, and 7. Based at least in
part on a tattoo design and the calculated position and skin deformation of step 323, the
tattoo application process step 320 may continue by evaluating one or more positions k
where tattoo dots are to be placed 325. The tattooing apparatus 100 may then tattoo all
one or more positions k in the window i as in step 326 based at least in part on the updated
dot parameter table 316. At step 327, if i<m, the process returns to step 312. Steps 321-

326 may be repeated for all window positions 1 to m within window position table 327.

[0103] Referring again to Figure 3A, after tattoo application process step 320 is
completed, the tattooing apparatus may be removed as in step 308. The operator may
remove the tattoo frame (e.g., frame 103 of Figure 2) from the tattoo zone such that the
subject may be freed from the tattooing apparatus 100 (Figure 1). Any disposable
components may then be removed and disposed of. As used herein, the term
"disposable" when applied to a system or component (or combination of components),
such as a needle, a tool, or stencil, is a broad term and generally means, without
limitation, that the system or component in question is used a finite number of times and
is then discarded. Some disposable components are used only once and are then
discarded. In other embodiments, the components and instruments are non-disposable
and can be used any number of times. In some kits, all of the components can be
disposable to prevent cross-contamination. In some other kits, components (e.g., all or
some of the components) can be reusable. Following machine removal step 308 of Figure
3A, the tattoo area may be cleaned and dressed with a protection layer in dressing tattoo
step 309. Additionally, a variety of aftercare treatments may be provided. Finally, the

surface of the tattooing apparatus 100 of Figures 1A and 1B may be cleaned at step 290
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with a cleaning solution so as to be suitable for a next use. At step 291, the process 300
is completed.

[0104] Figure 4 is a block diagram of a tattooing process 330 in accordance with
an embodiment of the disclosure. In step 332, a tattoo system can obtain information from
the target site analyzer, such as a machine vision device, sensor, or the like. The
information can include, without limitation, one or more images of a portion of the skin,
and/or at least one characteristic of the portion of a subject’s skin, skin puncture properties
(step 310 of Figure 3A), or the like. In step 333, a protocol for applying a tattoo can be
generated based on the received information and a tattoo design. The protocol can
include identifying changes associated with the skin capable of impacting a visual
appearance of the tattoo to be applied. The protocol can include a plan or map of dots
or individual punctures for applying the tattoo, together with application parameters for
each. The tattoo system can compensate for the one or more changes (e.g., skin stretch,
skin displacement, skin layer(s) thickness changes, etc.) associated with the skin to
robotically apply at least a portion of the tattoo. For example, the spacing of the dots can
be adjusted to match skin stretch at corresponding regions. If the system detects skin
deflection increase, the system can increase the (e.g., puncture depth, maximum needle
depth, depth ink is applied, etc.), needle displacement, or other applicator parameters for
that region. A transformation can be applied to compensate for skin stretch, skin
displacement, skin layers thickness changes, etc. For example, the spacing, pattern, and
locations of puncture sites can be adjusted based on changes of the stenciling. A
machine learning model can be trained to identify transformations to produce a tattoo on
post-application that matches (e.g., geometrically congruent, visually identical to the
naked eye, etc.) the tattoo design. For example, the applied tattoo can be placed with a
deviation from the original design (e.g., average threshold deviation between dots and
target dot of design less than 50 um, 75 um, to 100 um) which may not affect the visual
outcome of the tattoo. In some embodiments, a virtual tattoo design can be generated to
match the variation of measurable characteristics of the skin. For example, if the skin is
stretched, a stretched virtual tattoo design, stretched stencil, etc. can be configured to

compensate for the stretching of the skin. New puncture points and tattooing parameters
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can be generated based on the virtual tattoo design. During the tattoo session, numerous
virtual tattoo designs can be generated to determine how to apply a tattoo on skin such
that, when the skin is in a natural state, the applied tattoo will match the original tattoo
design. One or more machine learning model can be trained to generate virtual tattoo
designs and/or stencils. For instance, a transformation of the tattoo characteristics such
as dot parameter, dot placement, dot density and such can be generated such that it
would compensate for certain measured characteristics of the skin, such as skin color,
variation in coloration, features such as moles and birthmarks and tissue thickness, bone
backing and so on. These skin characteristics can be measured by machine vision and
other sensors deployed by the automated tattoo machine. A machine learning strategy
can be obtained by first generating a validated training set. One method may include a
professional tattoo artist evaluating the type of transformation he/she would perform to
obtain a more congruent tattoo for a certain area of the skin. Another method includes
applying random transformations to the tattoo and use humans to evaluate the esthetic
quality of virtually projected tattoo on the body area using augmented reality. Another
method is to use a genetical algorithm or other optimized search to generate guesses for
tattoo transformation, for evaluation for aesthetic quality by humans on virtually projected
tattoos. A scoring method may be used to automatically evaluate congruence of the tattoo
design after transformation. This training set may then be used by a machine learning
algorithm to determine an optimal tattoo design transformation and for a large set of
conditions where some skin characteristics are measurable. Another characteristic of the
skin is the shape of the body area, which is curved and may need a special projection of
the flat design (for example using area-preserving mapping, distance-preserving
mapping, conformal mapping, or other projection methods), such that the result looks

harmonious on curved body surfaces, such as on shoulders, elbows, wrist, etc.

[0105] In step 334, the tattoo system can robotically apply at least the portion of
the tattoo according to the protocol. The protocol can be used to reduce one or more
differences between a selected tattoo design and the tattoo applied to the skin. The
stenciling and techniques discussed in connection with Figures 5A-6B and 11A and 11D

may be used to determine dot puncture locations. In some computer-implemented
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methods, the system can apply one or more reference features to the skin and analyze
at least one of the reference features captured in one or more of the images to evaluate
one or more characteristics of the skin to determine one of more changes in the skin. The
tattoo system can compensate for the one or more changes in the skin to determine

puncture sites for applying the pigment.

Methods for Applying and Using Stencils, Image Analyses, and Machine Vision

Technology
[0106] Figure 5A illustrates constituents of a stencil 338a and how it may be utilized

by a machine vision algorithm, such as machine vision algorithm discussed in connection
with step 323 of Figure 3C. Figure 5A shows one embodiment of a digital stencil reference
that can be stored in memory (e.g., computing unit memory). The stencil reference can
include at least (i) a tattoo design 340a, (ii) a reference stencil with fiducial markers 341a,
and (iii) a pattern 342a encoded by fiducial markers which may be used to guide the
machine vision process. The pattern 342a may be encoded by spatial variations of (a)
size, (b) shape, (c) color and/or (d) presence/absence of fiducial markers. In one
embodiment, the pattern 342a is encoded by (d) presence/absence of fiducial markers.
[0107] Figure 5B depicts an embodiment of the stencil 338b transferred and
viewed on the skin 346. In some procedures, the stencils 338a, 338b can be substantially
identical in sizes and/or shapes. The tattoo design 340b on the applied stencil 338b may
be utilized for previewing the tattoo placement, and may be (i) a complete representation
of the tattoo design, (ii) a reduced form of the tattoo design, such as an outline or contours
representing the tattoo design, or (iii) may not be placed on the applied stencil, at all. The
transferred stencil 338b may stretch and rotate with the skin 346. During tattooing
operation, a contactor (e.g., contactor 120 of Figures 1B and 2) can move across the skin
as in step 321 of Figure 3C. One possible position of an interrogation or contactor window
344b (e.g., detector portion of the interrogation or contactor window) is shown in Figure
5B. The contactor window 344b can be moved to different locations to analyze and apply
dots at different locations along the target site.

[0108] Figure 6A shows one embodiment of an image captured by the machine

vision device through the contactor window 344b of Figure 5B. Figure 6B illustrates
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features of Figure 6A detectable using the machine vision algorithm. Referring now to
Figure 6A, the contactor window 344b exposes a portion of the skin 346, the applied
stencil 338b, including the fiducial markers 341b and the encoded pattern 342b and the
tattoo design on the applied stencil 340b. The viewable area 345b may also contain other
features, such as, previously applied tattooed ink, residual ink, blood, moles, hair, hair
roots, skin creases, light glare, etc. These are not shown in the figure for clarity, but may
be addressed by the machine vision algorithm, as discussed in connection with Figure 7.
[0109] Referring now to Figure 6B, the detectable features can include, without
limitation, fiducial markers 341b, the spatial variation of markers which constitute a pattern
342b, deformation field of the skin 347, and other features of the stencil 338b. The design
and use of the stencil (338a in Figure 5A, and 338b in Figures 5B and 6A) enables the
machine vision algorithm (Figure 7) to identify the position of the contactor window 344b
on the skin 346, map the coordinates of the tattoo dots of the design 340a to their
corresponding coordinates on the skin 346 where ink shall be deposited, evaluate the
skin changes (e.g., stretching during the tattooing process), and analyze the target tattoo
site. A machine vision device (e.g., machine vision device 130 of Figure 2, machine vision
device 1600 of Figure 21, etc.) can utilize a machine vision algorithm to compare the
detected reference features and/or tattoo dot locations with a vectoral stencil drawing. In
other embodiments the machine vision algorithm may be performed by a controller such
as a controller (e.g., controller 109 of Figure 1B or controller 1400 of Figure 20).

[0110] Figure 7 is a flow chart of a method 357 for calculating position and/or
deformation field in accordance with an embodiment of the disclosure. For example, the
method 357 can be used in step 323 of Figure 3C and techniques discussed in connection
with Figures 4-6B. In step 358, the system can obtain raw images from an image capture
device, machine vision device, or other device configured to capture images. The
resolution of the images can be selected based on the resolution of the stencil or other
criteria.

[0111] In step 361, for a given position of the contactor, images acquired by the

image capture device or machine vision device may be processed (e.g., combined,
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stitched together, etc.) to form an image of a portion or the entire area exposed through
the contactor window (e.g., window 344b of Figure 6A).

[0112] In step 362, the image may be preprocessed to remove, for example, light
glare, reflection, shadows, and/or any variation of illumination on the skin. In one
embodiment this step may be performed by color normalization.

[0113] In step 363, the preprocessed image may be analyzed to identify the colors
of (i) the skin and (ii) the stencil fiducial marks as they appear on the skin. In one
embodiment, color identification in step 363 may be achieved by principal component
analysis (PCA) in the color space of the preprocessed image. In step 364, any features
that are not relevant to the deformation and position detection steps (for example,
previously applied tattoo ink, residual ink on the skin, blood, moles, hair, hair roots) may
be identified on the image and masked to improve the accuracy of these algorithms
downstream (steps 365--367). In one embodiment, the identification may be based on
comparing the color of the image pixels to the colors of the mentioned features. In another
embodiment, these features may be identified using an Al-based feature detection
algorithm.

[0114] In step 365, stencil fiducial markers are detected 341b (Figure 6B) and their
size, shape and/or location on the image are determined. The contrast and accuracy of
this detection may be improved based on, for example, the colors of (i) the skin and (ii)
the stencil fiducial marks as they appear on the skin as identified earlier in step 363. In
one embodiment, the location of the fiducial markers may be identified by filtering the
image with a convolution matrix (kernel), followed by finding the peaks in the filtered
image. The located fiducial markers on the image may then be further analyzed to identify
their size and shape, for example, using other kernels to measure feature size and shape,
or by performing pixel-level procedural analysis. In another embodiment an Al-based
feature detection method may be used to identify and locate the fiducial markers on the
image, based at least on their color, contrast, and/or shape. For example, a convolutional
neural network (CNN) may be used for Al-based identification. The training dataset of the
CNN may consist of a large number of synthetically-generated images, each showing a

patch of skin with an applied stencil, as would be viewed by the machine vision device, in
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various states of deformation, light illumination, and skin conditions (color, creases, folds,
presence of moles, hair roots etc.), wherein location, size and shape of the fiducial
markers on the image are readily known by the image-generating algorithm. The CNN
may then be trained by comparing its output to the known location, size and/or shape of
the fiducial markers. In either method, confidence indices may be calculated for each
marker detected on the image, to quantify the confidence in the detected location, size
and shape.

[0115] In step 366, a deformation algorithm identifies the deformation of the skin
347 (Figure 6B) within the contactor window 344b (Figure 6B) by comparing the fiducial
markers 341b detected on the deformed image (Figure 6B) to the fiducial markers 341a
on a reference (undeformed) stencil image 338a (Figure 5A). In one embodiment, the
deformation of the skin may be represented by a vector field (or by multiple vector fields
for different regions) parameterized by a certain number of coefficients. An alignment
score can be calculated for a given deformation field produced by a given set of
coefficients, which may be based on the numbers of successfully-aligned and failed-to-
align markers between the reference image (Figure 5A) and deformed images (Figures
5B-6B), and/or the overall degree of overlap of markers between the reference and the
deformed image. In this embodiment, the algorithm can identify the correct deformation
field by finding the coefficients which produce the highest alignment score. The values of
the deformation field coefficients may be restricted to a physically reasonable range to
facilitate the search. If the lattice consists of an ordered arrangement (grid) of fiducial
markers, the search may be informed by a periodicity analysis of the deformed image, for
example, using Fourier analysis. In another embodiment of the deformation algorithm, a
deformation field may be sequentially or locally constructed based on finding pairs of
neighboring markers on the deformed image and analyzing their relative positioning with
respect to each other, to quantify the local deformation and rotation of their neighborhood.
This sequential analysis may begin from the fiducial marker with the highest confidence
index. Different regions of the image may be analyzed separately and stitched or bridged
together by making use of parameterized deformation vector fields (as in the previous

method) to represent the deformation of each region. The result may further be processed
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by wusing a minimization method fitted to a physically acceptable
deformation/displacement field. As a result, the output of step 366 is a deformation field,
which describes the displacement of each marker on the deformed image with respect
to the reference image (e.g., image in window 344a of Figure 5A), and may be used,
along with the detected contactor position (step 367), to map the coordinates of tattoo
dots on the reference image to their target coordinates on the skin measured with respect
to the contactor window.

[0116] In step 367, the collection of identified fiducial marks are individually
analyzed to detect the portion of the encoded pattern exposed through the window 344b
(Figures 6A and 6B). The detected pattern 342b (Figure 6B) is compared and matched
to a similar pattern in the complete reference stencil 338a (Figure 5A), wherein the best
match may indicate the most likely position 344a (Figure 5A) of the contactor window with
respect to the tattoo design 340a (Figure 5A). A confidence index of the identified position
may be determined, in one embodiment, by comparing the quality of the best match to
the second-best match on the reference stencil or by other methods related to uncertainty
quantification. If the confidence index is found under a critical threshold, the machine may
attempt to first improve image acquisition by repeating the cleaning operation of the tattoo
process. If the confidence index is still found lacking, the machine may be stopped by
generating an operator error. The stopping procedure is detailed below. The above
features and techniques can be incorporated or be used with features and techniques
discussed in connection with Figures 11A-11D.

[0117] The machine vision technology discussed herein and in connection with
Figures 6 and 7 may be used to achieve high-precision tattooing using, for example,
robotic tattoo arms. Machine vision systems may be used to detecting surface topology
of the body part where the tattoo is to be performed, in order to guide a tattooing robotic
arm (with rotational and translational degrees of freedom) on the tattoo zone. A digital 3D
representation of the surface of the body part (or the local vicinity of the tattoo area) may
be constructed, such that relative location and orientation of the skin surface may be
calculated with respect to the location and orientation of the tattooing head on the robotic

arm. This 3D representation may be constructed by comparing images from multiple
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cameras (e.g., passive stereo vision), by projecting fiducial light or laser on the surface
with a known pattern and detecting the correspondence of the pattern on the camera
image to extract the depth information (active stereo vision), or by a combination of
multiple cameras and pattern-projection in a hybrid approach. The machine vision device
(or other optical analysis and machine vision systems disclosed herein) can include such
multiple cameras, as discussed in connection with Figure 21.

[0118] A 3D surface representation may also be constructed using point-wise
distance measurement and mapping systems, such as LIDAR. The 3D point cloud
collected from such systems is then used to construct a continuous model of the skin
surface. The digital 3D representation of the skin surface may help actuating the
automated machine to position the machine tattoo head in the vicinity of the tattoo zone
and approach it with the proper angle (both the angle of the head and angle of approach),
that is, close to normal or with an appropriate angle to the normal to the skin surface in
the vicinity of the dot to be tattooed. This may be of interest when the body part is not
held in a plane or displays a complex geometry in which the tattoo area may not be
generally flat or cannot be flattened. A contactor may not be used for the flattening of the
skin if such 3D model of the body part is generated that clearly identifies the normal to
the skin in the vicinity of all the positions to be tattooed. However, our preferred
embodiment may include a contactor in order to increase the stability of the skin where
the tattoo is to be performed and to increase the positioning resolution. A ranging
mechanism, which may be contact-less or involves contact, such as laser, ultrasound or
feeler rangefinders may further be used to identify the skin to needle tip distance with high
accuracy (less than 50 um, 75 um, 100 um). The measured tattoo-head-to-skin distance
may be used in combination with the puncture setting from the dot parameter table (i.e.,
needle extension measured beyond surface of the skin), to calculate the total extension
of the needle that will deposit ink at the correct depth in the skin. The machine vision
device disclosed herein (or other optical analysis and machine vision systems disclosed
herein) can include LIDAR sensors, multiple cameras, light emitter (e.g., lasers),

scanners, projectors, etc.

44



WO 2021/016590 PCT/US2020/043588

[0119] A mapping method, such as the stencil-based machine vision technology
explained in Figures 5A-6B and 11A-11D, can be used (i) to map dots on the reference
tattoo design to points on the skin surface and (ii) to account for any deformation of the
skin if the skin is not tattooed in its relaxed configuration, and (iii) to achieve a high
tattooing resolution and relative spatial accuracy in the order of ~50 um. High-accuracy
mapping may be also be achieved based on other embodiments of the machine vision
methodology, for example, rather than a stencil, based on the detection of (i) skin natural
fiducials (such as moles, creases, folds, hair roots, etc.) and other naturally present
dermal features or other sub-dermal features such as blood vessel networks which may
be visible in some parts of the electromagnetic (EM) spectrum, or (ii) other synthetic
fiducials transferred to the skin or projecting a pattern of light or laser on the skin to serve
as fiducials. In the same manner as in Figures 5A-6B and 11A-11D, these fiducials may
be used by the machine vision algorithm to identify the target locations on the skin and
account for skin deformation. The reference state of the skin fiducials which is used in the
deformation algorithm may be collected by an initial scan of the body part in a relaxed
state, performed before the tattooing operation begins. The machine vision technology
can be used to determine relationships between changes to the skin and used to select
one or more puncture sites based on the determined relationships to reduce dot
placement deviation when the skin is in a natural state.

[0120] The 3D model of the skin surface (the global geometry of the body part)
may also be used for this mapping in certain cases, however, it may not provide high
positional accuracy, especially on nearly-flat or smooth surfaces unless used in
combination with skin fiducials as described above. One embodimentof a hybrid
localization and mapping of the tattoo area may be performed using other depth finding
or 3D topology/surface reconstruction methods such as lidar, laser, ultrasound ranging or
any other technique that may grossly identify the location of the body part as well as
generate a three-dimensional, dynamically updating model of the skin surface. For
instance, a single camera may be used to map the body part in three dimensions by
adding a projected grid on the body part using a projection apparatus. The movement of

the dynamically updating model of the skin and body part may be used to provide an
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additional layer of safety by identifying when the tattoo area is shifted away from the
needle tip. The needle may then be retracted and the machine may reposition itself to
realign the tattoo mechanism with the tattoo area to resume tattooing. The skin may also
be flattened locally, such in the use of a contactor, and the local vicinity of the tattoo area
only evaluated on a flattened area. Accordingly, 3D modeling of the skin surface can be
used to compensate for skin changes.

[0121] The stencil-based machine vision technology described in Figures 5, 6, 7
may be used within an augmented reality (AR) framework, which allows the customer to
view, dynamically-modify and confirm the placement of the tattoo design on their body. In
some embodiments, the outline of the tattoo design (340a in Figure 5A) is not included in
the transferred stencil, and instead AR will be used to virtually overlay the tattoo design
on the body part where the stencil is applied. In one embodiment of this AR framework,
a high-resolution camera is used to view the body part and its video stream is processed
by a computer (or other processing device) where the digital tattoo file is loaded. The
computer or controller performs the machine vision algorithm (e.g., algorithm described
in Figure 7), and upon detection of the stencil in the image(s), it is able to map the dots in
the tattoo design onto the streaming camera image(s), while accounting for any
deformation or curvature of the body part. A high-resolution, realistic render (simulation)
of the tattoo design, which may represent the different colors in the tattoo design, account
for the appearance of diffusion and fading of ink over time, etc. is generated and overlaid
on the camera image using this mapping. The processed stream of image(s) can be
displayed on a large screen or display for viewing by the client, where the images may be
mirrored (flipped horizontally) to mimic the feel of a mirror. The client may be provided
with a controller (for example, a touch-screen interface, mouse, or other inputs discussed
in connection with Figure 20) which feeds into the machine vision (MV) software to
dynamically-manipulate the placement of the tattoo design with respect to its original
location on the reference stencil. The modifications made by the client are processed by
the MV algorithm during the render, and reflected on the screen in real-time. This
manipulation may allow for rotation and translation, and in some cases scaling of the

tattoo design, with the requirement that the entire design remains within the bounding box
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of the stencil fiducials (341a in Figure 5A). After the client decides on a placement of the
tattoo design, they may confirm their choice on the interface, which may be time-stamped,
digitally saved and may constitute a digital signature. Parameters of transformation that
represents the updated position (translational and rotational displacement and scaling
with respect to the original position) are appended to the digital tattoo file, or transferred
into the automatic tattoo machine by other means. During the tattooing operation, the
transformation parameters are used to update the coordinates of all tattoo dots in the
tattoo file, resulting in the desired placement of the tattoo on the skin. The above
methodology of previewing, dynamically-modifying and confirming the placement of a
tattoo has the following advantages over static stencil-based previewing methods: (i) the
client is able to modify the placement of the tattoo design to their preference, (ii) the AR-
based method potentially saves time by avoiding repeated stencil applications, (iii) it
minimizes risk of future disputes and maximizes client satisfaction related to the overall
aesthetic look of the tattoo on the body part, as it provides realistic simulation of the final
tattoo design on the client’s skin, (iv) it provides a multi-color preview of the tattoo design
which is not possible with conventional stencils used in tattooing, and (v) because there
IS no obstructing tattoo outline (340a in Figure 5A) on the stencil, the information content
of the encoding-pattern (342a in Figure 5A) is maximized, which increases the accuracy,
precision and operating confidence of the MV algorithm, and reduces the risk of error.

[0122] Another embodiment of the AR framework may use AR googles worn by
the client. The googles may be utilize a built-in camera, whose video stream is processed
using MV algorithms, as described herein, and the design is rendered on the body part
based on the dynamically-chosen parameters of placement. In this embodiment, the
processed images with the rendered design can be fed into the googles for an AR
experience, which displays the tattoo on the client's body. In some embodiments,
simulated images of the tattoo design viewed by the client. The simulated images of the
tattoo design can be overlaid on the identified target site in images of a site. Simulated
images of the target site showing the tattoo design on the subject's body part be viewed
by the subject via a display, AR googles, display mechanism, computer, mobile device,

or another viewing device. This can provide pre-visualization of the design with or without
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application of any stencil. If a stencil is applied, the simulated images can be keyed and
positioned with the applied stencil. The system can receive user input via a user interface
and generate operations to modify a tattoo design based on the user input, and the
system can modify the appearance of the tattoo design based on the simulated images
of the target site. The modification of the tattoo design can include translating, resizing,
rotating, stretching, cropping, adjusting the color, etc. The pre-visualization can be
performed prior to visiting a studio or retail location and/or at the studio or retail location.
[0123] Another embodiment of the AR framework may use projection of light to
simulate the tattoo design directly on the client’s skin, rather than displaying the render
on a screen. In this embodiment, the camera is used to collect images of the body part
and the MV algorithm maps the design with the appropriate deformation to comply with
the body part, as explained before. A render of the design is fed into a light-projecting
device, which is placed very close to the camera, and facing the same direction. The focal
length of the projector could be automatically adjusted by the MV algorithm, by comparing
the detected size of the stencil on the camera image to the reference stencil, and
calculating an approximate distance to the body part based on this comparison. Any
differences in the axes of view of the camera and the projector, may be accounted for
when constructing the rendered image, to project the design with the right direction,
orientation and scaling on the client's body. In some embodiments, multiple AR
frameworks can be used. For example, the machine vision system can analyze a body
part or target site and determine which air framework may provide the optimal client
experience. The AR output can be compared to reference AR output to confirm visual
accuracy. AR components can communicate with controllers disclosed herein via one or
more wireless connections (e.g., via a Bluetooth connection, local Wi-Fi connection, local
area network, etc.), wire connections, or the like. In some embodiments, simulated
images of the tattoo design can be generated. The simulated images of the tattoo design
can be overlaid on the identified target site in images of a site. Simulated images of the
target site showing the tattoo design on the subject's body part be viewed by the subject
via a display, AR googles, display mechanism, computer, mobile device, or another

viewing device. This can provide pre-visualization of the design with or without
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application of any stencil. If a stencil is applied, the simulated images can be keyed and
positioned with the applied stencil. The system can receive user input via a user interface
and generating operations to modify a tattoo design based on the user input and can
modifying the appearance of the tattoo design on the simulated images of the target site.
The modification of the tattoo design can include translating, resizing, rotating, stretching,
cropping, adjusting the color, etc.

Tattooing Apparatus with Frame and Contactor

[0124] Figure 8 is an isometric view of another embodiment of a tattooing
apparatus 400. The description regarding tattoo apparatus 100 can generally apply to
tattooing apparatus 400 as well. For example, in one embodiment, tattooing apparatus
400 may comprise of a tattoo frame 403, a tattoo shuttle 404, an arm 410, a contactor
420, a machine vision device 430, a needle structure 440, and a suction system 450.
Additionally, tattooing apparatus 400 may comprise more or less other components
including but not limited to one or more motors, one or more actuators, one or more
controllers, one or more gantries, a rest surface, a cantilevered tattoo machine, a needle
cartridge, a needle, a plunger, a spring, a piston, a cam, an imaging device, a lens, etc.
In some embodiments, the tattooing apparatus 400 can include one or more controllers,
motors (e.g., drive motors, stepper motors, etc.), gantry devices, linear slides, rails,
sensors (e.g., position sensors, accelerometers, etc.), or the like. In some embodiments,
tattooing apparatus 400 can work with one or more separate controllers to form a tattooing
system. Tattooing apparatus 400 can be configured based on desired characteristics for
a particular tattooing process and may utilize any and all methods and/or components
consistent with the present disclosure.

Marketplaces, Tattoo Selection, and Application

[0125] Figure 9 is a block diagram of an embodiment of a simplified tattoo selection
and application process 500. A subject may browse and/or select a design 510 from an
online tattoo marketplace. In one embodiment, the subject may browse and/or select a
design 510 from the online tattoo marketplace using a device 509 (or controller 108 of
Figure 1B), which may be, for example, a personal handheld device, smartphone, or a

computer. The browsing and selection 510 may be done via a mobile app and/or website
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that allows access to the online tattoo marketplace, through which subjects may perform
actions including, but not limited to, browsing, selecting, saving, rating designs, uploading,
creating a profile, booking appointments, participating in auctions, or buying. In one
embodiment, the online tattoo marketplace may be a global online tattoo marketplace
where artists or users may upload, license, and/or sell their designs irrespective of their
physical location. Artists may be paid a royalty based on selection and/or licensing of their
designs by subjects through the app and/or website. Browsing, selection, and payment

process may vary by location, as well as, by individual artist.

[0126] After browsing and selection 510, the subject may preview the selected
design via augmented reality. In one embodiment, the subject may preview the selected
design 520 via the device 509 using augmented reality to visualize how the design may
look on a desired area to be tattooed. Augmented reality is a form of reality that has been
adjusted in some manner before presentation to a user, which may include, e.g., virtual
reality (VR), passthrough augmented reality (AR), mixed reality (MR), hybrid reality, or
some combination and/or derivatives thereof. Augmented reality content may include
completely generated content or generated content combined with captured content (e.g.,
real-world photographs). The augmented reality system that provides the augmented
reality content may be implemented on various platforms, including a head-mounted
display (HMD) connected to a host computer system, a standalone HMD, a mobile device
or computing system, a projection system, or any other hardware platform capable of
providing artificial reality content to one or more viewers. For example, a tablet or mobile
phone with a camera on the back can capture images of the real world and then display
the images on the screen on the opposite side of the device from the camera. The device
can process and adjust or "augment" the images as they pass through the system, such
as by adding tattoo designs. In some implementations, a similar process can be
performed using a virtual reality or mixed reality headset, which allows light from the real
world to pass through a waveguide that simultaneously emits light from a projector in the
mixed reality headset, allowing the mixed reality headset to present virtual objects
intermixed with the real objects the user can see. Previewing 520 may be available, for

example, prior to and/or after selection of the design. Following previewing step 520, a
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subject may apply the design to the desired area using any of the systems or methods
described. In one embodiment, a subject may undergo the tattooing process 300 using
tattoo apparatus 100 or tattooing apparatus 400. In other embodiments, other
embodiments of the systems and methods consistent with this disclosure may be
contemplated to apply the tattoo. Application may involve utilizing a stencil 530, which
may be any stencil compatible with the systems and methods described herein. Stencil
application is discussed in connection Figures 5A-6B and stencil rejection and approval

are discussed in connection with Figures 11A and 11B.

[0127] With continued reference to Figure 9, the precision tattooing may be
performed 540 using any system or method disclosed or consistent with this disclosure.
In one embodiment, the tattooing may utilize machine vision. Following tattooing step
540, an aftercare treatment may be applied 550. In one embodiment, aftercare treatment
550 may promote, for example, healing, coloring, and/or fixation. Following the aftercare
treatment 550, the tattoo may be revealed in step 560. The tattoo can be, for example, a

micro tattoo, blackwork tattoo, color tattoo, realism tattoo, fine-line tattoo, or the like.

[0128] In some embodiments, a tattoo system receives a user’s selection of a
tattoo design and sends authorization data for the user’s selection. The automatic
tattooing apparatus can use the authorization data to determine whether to robotically
apply a tattoo. The authorization data is sent to the user’s device 509 , the automatic
tattooing apparatus, or both. The authorization data can include a token or credit for
applying the selected tattoo design. The mobile application can manage an online tattoo
marketplace that allows browsing of tattoo designs and selecting of the tattoo design.
The application process 500 can include other features, steps, and processes disclosed

herein.

Needle Cartridges

[0129] Different types of components can be incorporated into tattooing systems.
Figure 10A is an isometric view of an embodiment of a needle cartridge 641 suitable for
system 76 of Figure 1A, system 90 of Figure 1B and system 400 of Figure 8. Figure 10B

is an exploded view of the needle cartridge 641 of Figure 10A in accordance with an
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embodiment of the disclosure. Referring to Figures 10A and 10B, the needle cartridge
641 may be removably coupled to the tattooing apparatus (e.g., apparatus 100 of Figure
1B) such that switching between needle cartridges 641 may occur easily. The needle
cartridge 641 may be a disposable component holding a tattoo needle and composed of
the needle spring 644, plunger 645, and one or more needles 642. In other embodiments,
however, the needle cartridge 641 may be suitable for refill, reuse, or limited use, and
may be composed of more or less than the parts mentioned. The needle cartridge 641
may contain at least one sensor 646 such as, for example, an electrical wire for galvanic
sensing. In one embodiment, the needle cartridge 641 can comprise of a wire coupled to
a non-puncturing end 647 of the needle 642 and is configured to act as a galvanic
electrode that can begin measuring or exciting the skin as soon as the needle 642
contacts the skin of the subject. The sensor 646 does not need to be a wire, however,

and can be any type of sensor suitable for the desired configuration.

[0130] The needle cartridge 641 may also comprise of a housing 650, which may
contain, for example, a cartridge tip 651, cartridge body 652, and cartridge cap 653. The
housing 650 may vary in components, size, shape, design, color, and material depending
on the desired configuration of the needle cartridge 641 to be used for tattooing. In some
embodiments, the sensor 646 may extend through an ink inspection hole 654 in the
cartridge body 652 for coupling to the tattooing apparatus 100. The ink inspection hole
654 may, for example, facilitate inspection of proper ink quality and distribution. In other
embodiments, the sensor 646 does not extend through the ink inspection hole 654 and/or
from other components of the housing 650 and may be located or coupled elsewhere.
The ink inspection hole 654 may be sealed or opened to ambient air and may be

connected to a fluidics system for the delivery of ink or other fluids to the cartridge 641.

[0131] The needle cartridge 641 can vary in the number, size, shape, type,
sharpness, and arrangement of needles 642. In one embodiment, for example, needle
cartridge 641 may utilize 3RL type needles in a slightly staggered arrangement. In other
embodiments, the size, grouping, number of needles in the grouping, and arrangement
may vary depending on the desired configuration and design. For example, any size

greater than or less than 3 (e.g., size 2, 5, 7, 10, 12, etc.) needles can be used. In another
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example, any grouping type, needle gauge or taper may be used (e.g., RL, RLXT, RLXP,
RS *T, F, M1, M2, M1C, etc.) along with any number of needles in the grouping. The
needle type, shape, number, size, grouping, number in grouping, arrangement, etc. can
be selected based on the use with the systems and methods of the present disclosure.
The needle cartridge 641 may be any of a variety of types of cartridges, including but not
limited to, custom cartridges, third party cartridges, generally available cartridges, or any

other cartridge capable of operation with the systems and methods of the disclosure.

[0132] The ink cartridge (not shown) may be installed as a removable component
to the tattooing apparatus and/or needle cartridge 641 such that switching between ink
cartridges may occur easily. The ink cartridge can be configured to allocate ink via
capillary action, tubing, and/or pumps at prescribed intervals from an anti-cross-
contamination ink supply. In one embodiment, the ink cartridge may be a single use,
disposable sterile ink cartridge with sufficient ink for a tattoo. The ink cartridges may
contain different amounts and/or colors (e.g., black, red, blue, green, skin tone brown,
etc.) and/or types of ink. The operator may choose one or more suitable ink cartridges
depending on the tattoo. In some tattooing processes, one or more of the same or
different ink cartridges may be used. In some embodiments, the ink cartridge may be
suitable for refill or reuse. In one embodiment, the tattooing apparatus 100 and/or needle
cartridge 641 may be configured to couple with multiple ink cartridges simultaneously.
The ink cartridge type, shape, number, size, color, arrangement, etc. may vary so long as
the ink cartridge is capable of use with the systems and methods of the present
disclosure. The ink cartridge may be any of a variety of types of cartridges, including but
not limited to, custom cartridges, third party cartridges, generally available cartridges, or
any other cartridge capable of operation with the systems and methods of the disclosure.
In some embodiments, the ink cartridge may be a component of the needle cartridge 641
or may be a separate component that may be coupled to the needle cartridge 641 and/or
tattooing apparatus 100. The arrangement and configuration of the ink cartridge may vary
depending on the desired configuration of the needle cartridge 641 and/or tattooing
apparatus. The ink cartridge may be anything capable of holding and distributing ink such

as, for example, an ink reservoir, ink pack, or the like.
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Stenciling, Skin Analysis, and Related Technologies

[0133] Figure 11A and 11B are illustrative diagrams of an example rejection and
example approval of stencil positioning, respectively, in accordance with another
embodiment of the disclosure. In one embodiment, machine vision device (e.g., machine
vision device 130 of Figure 2) may assess stencil 710 positioning via an interrogation
window 720. In one embodiment, interrogation window 720 may span a portion of the
area to be tattooed. For example, in one embodiment, the interrogation window 720 can
correspond to dimensions of the window of the contactor, such as contactor 120 of Figure
2. With continued reference to Figure 7A, interrogation window 720 may coincide with a
field of vision of the machine vision device and may be configured to span the entirety of
the tattoo field. In one embodiment, the interrogation window 720 may transition between
multiple positions 722 of a scan zone 721 to assess positioning of the stencil 710. For
example, the interrogation window 720 may be configured to detect a presence and/or
absence of one or more reference features 730 and/or one or more tattoo dot locations
740. Approval of the positioning of the stencil 710 may then be based at least in part on
the detected presence and/or absence of reference features 730 and/or tattoo dot
locations 740. In one embodiment, the machine vision device 130 can utilize a machine
vision algorithm to compare the detected reference features 730 and/or tattoo dot
locations 740 with a vector-based stencil drawing. In other embodiments the machine
vision algorithm may be performed by a controller such as controller 109.

[0134] Figure 11A is an illustration of an example rejection of stencil positioning in
accordance with one embodiment. For example, stencil 710 can be rejected as a result
an absence of reference features 730 of the stencil 710 anticipated at particular locations
within the interrogation window 720. Alternatively, stencil 710 can be rejected as a result
an absence of a sufficient number of references features 730 near the targeted tattoo dot
locations 740 anticipated at particular locations within the interrogation window 720. An
absence of particular reference features 730 within the interrogation window 720 may be
determined based at least on a comparison with reference data, such as a reference

drawing, a vector-based stencil drawing, or the like. Rejection may occur when there is
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insufficient context within the interrogation window 720, suggesting reapplication of the
stencil 710 may be required.

[0135] Figure 11B is an illustration of an example approval of stencil positioning in
accordance with one embodiment. The applied stencil 710 positioning may be approved
based at least in part on a presence of reference features 730 within the interrogation
window 720. In one embodiment, a presence of particular reference features 730 within
the interrogation window 720 may be determined based at least on a comparison with a
vector-based stencil drawing. In one embodiment, reference features 731 may be added
to and/or removed from the stencil 710 to promote approval of the stencil 710 positioning.
In another embodiment, stencil 710 repositioning and/or reapplication may be enough to
promote approval of the stencil 710 positioning. Approval may occur when there is
sufficient context within the interrogation window 720, suggesting stencil 710 may be
properly positioned and tattooing may proceed. Once approved, ink can be deposited at
the tattoo dot locations 740 using reference feature-based positioning in which the
reference features 730 can be used as landmarks.

[0136] Figures 11C and 11D are simplified illustrative diagrams of an example
rejected stencil and an example approved stencil, respectively, in accordance with one
embodiment. Figure 11C depicts in a simplified manner, an absence of reference features
within a contour of the design (e.g., a virtually applied design) sufficient for approval.
Figure 11D depicts in a simplified manner, approval despite a limited absence of some
reference features suitable for generating targeted tattoo dot locations. For example,
approval may still occur if the absence of reference features and/or tattoo dot locations is
sufficiently limited and/or in a non-critical region such that the tattooing process may
proceed.

[0137] Figure 12A is an illustrative diagram of an example of puncture events in
accordance with an embodiment of the disclosure. The needle contacts the exposed skin
surface and begins to puncture the epidermis. The maximum extension corresponds to
the needle being located at the ink deposit position. After depositing ink, the needle is
pulled out of the skin. The depth of ink deposition can be determined based on the position

at contact, the position at initial puncture, the position at maximum extension, and/or the
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angle of attack of the needle, as discussed in connection with step 310 of Figures 3A and
3B.

[0138] Figure 12B is an illustrative conductivity signal of one embodiment utilizing
a galvanic sensor and its first derivative with respect to time for a single puncture.
Additionally, the needle extension may be obtained using the measurement from an
angular encoder (e.g., an angular encoder on the needle motor 111 of Figure 2) or other
sensor. In general, the puncture events 1-4 are detectable by determining the extrema of
these three illustrated curves. Puncture event 1 corresponds to initial contact. Puncture
event 2 corresponds to puncture initiation. Puncture event 3 corresponds to ultimate or
maximum depth needle position. Post puncture area 4 corresponds to post puncture
needle exit. Example puncture events are described in detail below.

[0139] The puncture events in accordance with an embodiment are identified using
an algorithm identifying the local extrema in the conductivity signal during puncture and
the local extrema in the first temporal derivative of the conductivity signal during puncture.
The initial contact is identified when conductivity becomes non-zero and the first temporal
derivative of the conductivity signal becomes non-zero. This is because the needle closes
the electrical circuit formed by the skin and the electrodes when the needle is in contact
with the skin. The position at initial puncture is identified by a trend artifact in the first
temporal derivative of the conductivity signal following initial puncture. This change in
trend is observed in the first temporal derivative of the conductivity signal because of the
shift from surface conductance to subdermal conductance.

[0140] When puncture of the epidermis finally occurs, the needle becomes in
contact with the inner tissue which is more conductive than the outer layer of the
epidermis, while the surface of the skin may be conductive, which results in an increase
of bulk conductivity and a decrease of surface conductivity.

[0141] The position at maximum extension is identified by the analysis of the
position of the needle using the needle motor 111 of Figure 2 angular encoder with a
known alignment when the needle is at its deepest setting. The signal from this encoder
can be superimposed with the signal from the galvanic response to synchronize the

temporal and positional signals. The position of the needle may be calculated using the
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equation for an eccentric cam. The post puncture event is identified when the conductivity
signal and the first temporal derivative of the conductivity signal suddenly reduce. This is
because the needle is losing contact with the tissue.

[0142] The conductivity signal output can be analyzed to determine additional
information, including the tissue characteristics (e.g., mechanical properties of the tissue,
electrical properties of the tissue, or thickness of tissue layers), performance of the tattoo
system, or the like. The number and pattern of locations at a targeted area that are
analyzed can be selected based on the characteristics of the tattoo to be applied at the
target area. For example, the number of locations can be increased or decreased based
on how the tissue characteristics vary across the target area.

[0143] The techniques discussed in connection with Figures 12A and 12 B can be
used to determine first contact, puncture initiation, needle position, needle exit, and other
puncture events based on data from other sensors disclosed herein. The puncture force
used to drive a needle through each layer of skin can be monitored to identify such events.
This is because each layer has different mechanical characteristics that can be identified
using analytics and Al based algorithms disclosed herein. Puncture force versus
displacement curves can be generated to identify the events of interest. Optical sensors,
pressure sensors, logical sensors, or combinations thereof can be used with the puncture
force data to identify the events. In other embodiments, sensors can noninvasively
analyze sites along the skin to detect skin characteristics. The sensors can be ultrasound
sensors, optical sensors (e.g., near infrared sensors, infrared sensors, etc.), acoustic
sensors, or the like. In some embodiments, both noninvasive and invasive techniques
are used to analyze the skin. Results from both techniques can be compared and used
to generate predictive skin thicknesses at various locations along the site.

[0144] Figure 13 is a flow chart of a method 808 for acquisition and usage of a
training set for the development, experimental calibration, and/or operation of a method
for sensor-based control of needle extension during tattoo ink deposition. In step 810,
parameter space is identified by, for example, identifying internal and external variables
or properties which may influence the visual outcome of a tattoo dot. The internal

variables can include: (i) needle extension, (ii) number of punctures per location, (iii) type
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and geometry of the needle, and/or (iv) type of the ink. Among these, (i) and (i), are the
puncture settings, which may be controlled by an algorithm based on sensor data during
tattooing operation. The external variables or properties can include: geometric properties
of the skin, such as thickness of its various layers and physical properties of the skin,
such as mass density, water content, presence and properties of the supporting (backing)
tissue, such as bone or muscle, age, race and gender of the person, (viii) body mass
index, and/or and body hydration. The variables for the parameter space can be selected
based on the functionality of the tattooing system, tattoo to be applied, or the like.

[0145] In step 811, data 816 can be collected by, for example, performing one or
more experiments on a set of participants to identify the internal and external variables
that influence the puncture sensing and ink deposition processes, and to find the relations
or correlations between these variables. The participants and internal puncture settings
can be chosen to increase or maximize the range of internal and external variables. The
experiments can involve administration of wet (inked) punctures on the skin as well as
dry punctures in the vicinity of the wet punctures. The experiments are performed and
the collected data can be organized in a dataset as: the puncture settings (i,ii), needle
and ink type (iii, iv), meta information about the participants related to external variables
(v-ix); sensor data from the dry puncture experiments (x), and high-definition pictures of
the resulting inked dots (xi), and their numerical scores (xii) which can be calculated in
Step 812. The images (e.g., pictures) of tattoo dots (xi) may be appended with additional
images taken at subsequent stages of the skin’s healing process. In Step 812, inked dots
can be assigned numerical scores (xii) based on their aesthetic quality, which can then
be used to train and validate the puncture control method. Aesthetic quality can be
inputted by a user or determined using an automated scoring protocol. For example,
scores may be manually (by human) or automatically (by image analysis) assigned,
based on the following visual aspects: (i) diameter of the dot in comparison to the
expected diameter, (ii) circularity of the dot, (iii) sharpness of the edges, or the degree of
diffusion, and/or (iv) presence of blowout, or another undesirable outcome. Next, a model
can be trained from the collected data to predict the dot outcome as a function of one or

more puncture parameters and other internal/external variables. The model can be
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configured to determine or selecting needle extensions, number of punctures, needle tip
configuration, and/or number of needles so as to affect tattoo dot size, aesthetic quality,
color saturation, color gradient, and/or color tone.

[0146] Two alternative models are described in steps 813 and 814. In Step 813, a
mechanistic model of the needle and the skin may be developed while accounting for the
uncertainties in the data and input/output quantities. The input of the model may be based
on data collected from one or more sensors, such as galvanic sensor data which
correlates with the contact of the needle and the layers of the skin, load-cell data which
correlates with the force on the needle or motor encoder data which correlates with the
angular position or angular velocity of the needle. The times of individual puncture events,
such as (i) first contact with skin (event 1 in Figures 12A-B), (ii) puncture events of
individual skin layers (event 2 in Figures 12A-B), and (iii) needle exit from the skin (event
4 in Figures 12A-B), are detected from the galvanic sensor data as shown in Figure 12B.
The motor encoder data in combination with the detected times of puncture events (i) and
(iii) may be used to calibrate a model of the oscillatory needle extension as a function of
time. This model can be constructed by calculating the conversion of the eccentric rotation
of the cam to the linear extension of the needle. This model may be used to predict the
time of maximum needle extension (iv) (event 3 in Figures 12A-B), and the extension of
the needle at the time of each puncture event (i-iii) into position of the needle tip. The
distance traveled by the needle between individual events (i—iv) constitute intermediary
output variables of the model, which may provide valuable information pertaining to the
tattoo ink delivery. For example, distance traveled between first contact (i) and first
puncture (ii) is (a) the initial deflection. The distance traveled between the times of
puncture of individual layers (ii) may be correlated to the (b) thickness of these layers.
The distance traveled between first contact (i) and maximum needle extension (iv) is (C)
the max extension. The distance between max extension (iv) and needle exit from skin
(iii) is (d) the posterior max extension. A combination of the intermediary output variables
(a,b,c,d) may be statistically related to the penetration depth of the needle, the depth of
ink deposition, or the tattoo dot quality (xii) in the experimental dataset. The statistical

relation between the intermediary output variables (a,b,c,d) and the tattoo dot quality (xii)
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may be identified using a partial least-squares regression (PLS) method, or other
regression methods such as standard or constrained least square approaches,
regularized minimizations, principal component analysis or other. The goodness of fit,
correlation coefficients, or other statistical measures of the model precision with respect
to the predicted output, may be calculated from the dataset to provide a confidence index
to the predictions during tattooing operation.

[0147] As an alternative to step 813, a machine-learning method, such as a neural
network, could be trained in step 814 from the collected dataset, in order to predict the
correct puncture settings to achieve a high-quality dot as a function of the sensor data
and any available meta-information related to external variables (v-ix). In this approach,
the dot score is used as the objective set and the sensors signals are the input and the
puncture settings are the searched variables. The puncture events may or may not be
defined as intermediary input and collected dataset may be enhanced until a statically
representative dataset is obtained.

[0148] In step 815, the model developed in step 813 or 814, is used to predict the
correct puncture settings which would create a high-quality tattoo dot, for each location
where dry punctures are applied. The predicted puncture settings are appended to a
parameter table 316 of Figures 3B and 3C.

[0149] In some embodiments, predictions are generated using the analytics
prediction methods of step 813 and Al-based predictive methods of step 814. The method
808 can include using output from both steps 813, 814 to determine predictions, e.g., by
using confidence factors determined for one or both processes to weight a combination
of the results or to select which output to use at any given time. For example, the output
of the machine-learning method can include a value in a range for a puncture setting,
where a difference between the value produced at the nearest of the range can be the
confidence factor, and the results of the machine-learning method are only used when
that confidence factor is above a threshold, otherwise the analytics-based method is
used. Alternatively, the method 808 can select one of the outputs from step 813 or step

814 as the prediction. The selection can be based on analysis of the collected data and
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historical prediction accuracy for similar data. The model from steps 813 and/or 814 are
used to predict the correct puncture settings.

[0150] A robotic tattooing system can include a portable automated handheld
tattoo device. The handheld tattoo device can be conveniently carried by a user and
applied to a subject. This allows tattoos to be applied at a wide range of settings, including
at tattoo studios, spas, home settings, or the like. During a tattooing session, the
handheld tattoo device can be manually repositioned (e.g., manually carried and placed)
at desired locations.

Handheld Tattoo Device and Related Technology

[0151] Figure 14 is an isometric view of a handheld tattoo device or unit 900
(“handheld tattoo device 900) in accordance with an embodiment of the technology. The
handheld tattoo device 900 can include a grip or handle 902, a main body 904, and a
needle assembly 905. A control element 901 can be used to control operation and can
include a trigger, a push button, a switch, a finger interface, and/or an actuatable element.
The control element 901 can be used to, for example, control operation of the needle
assembly/actuator, start/stop a tattoo protocol, or the like. A sensor 903 can include one
or more indicators, levels, accelerometers, gyroscopes, etc. In some embodiments, the
sensor 903 is an indicator (e.g., one or more bubble levels) used to set or correct (1)
relative positioning of the tattoo device 900 with respect to the skin surface, (2) the
orientation (e.g., horizontal orientation or vertical orientation) of the tattoo device 900, or
(3) the angular position of the tattoo device 900 relative to a reference plane.

[0152] Figure 15 illustrates a handheld tattooing system 908 in accordance with an
embodiment of the technology. The handheld system 908 can include the handheld tattoo
device 900, a computer and/or controller unit 913 (e.g., a PC/tablet running the control
software), controller unit 912, a safety device 914 (e.g., pedal safety switch), and an
electrode assembly 915 (e.g., skin electrodes). The components can be integrated into
or coupled to the handheld tattoo device 900. For example, the components can be
detachably coupled to the handheld tattoo device 900. The handheld tattoo device 900
can include one or more rechargeable power sources. In some embodiments, the

handheld tattoo device can be powered via an external power source. The handheld
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tattooing system 908 can be incorporated into systems with features and functionality
discussed in connection with Figures 1 and 21.

[0153] Figure 16 is an exploded view of components of the handheld device 900
in accordance with an embodiment of the technology. The handheld device 900 can
include a contactor 1004 (or contactor 1106 in Figure 18C) with one or more windows or
openings to facilitate visualization of the skin. The contactor 1004 can be configured to
keep a region of the skin surface general flat. In some embodiments, the contactor 1004
has a generally circular shape, partially spherical shape, or cylindrical shape since only
one dot or a limited number of dots may be applied at a time. In multi-needle assembly
embodiments, the configuration and number of contactors and number of openings can
be selected based on whether ink is applied simultaneously or sequentially by different
needles assemblies.

[0154] The device 900 can also include an integrated lighting system that outputs
light to facilitate operator vision of the tattoo window and openings of the contactor. In
Figure 18C, the integrated lighting can be integrated in the contactor holder 1006. In
some embodiments, the lighting system is installed as a removable component of the
device 900 to allow repositioning of the lighting system. All or some of the components
of the handheld device 900 can be encased or include a protective housing to protect the
mechanism from being exposed to the patient and/or operator. A removable electrical
assembly can include one or more wire harnesses used to couple the tattoo device to
components, such as the control and sensing electronic box. In some embodiments, the
device 900 has an integrated control and sensing electronic box, an internal power
source, or the like. A pedal (e.g., a safety device 914 in Figure 15) can be used to trigger
off the actuator in case of malfunction.

[0155] Referring to Figure 16, a load cell 1008 can be coupled to the contactor
holder 1006 and to the body of the handheld tattoo device 900 in order to sense the
applied pressure from the skin to the contactor 1004. The tattoo device 900 can also
include one or more actuator mechanisms similar to or the same as the actuator

mechanism described in connection with arm 110 and Figure 2.
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[0156] The needle assembly 905 can be inserted into an opening 1007 of the main
body 904. One embodiment of the disposable needle cartridge is an integrated ink and
needle disposable (or not disposable) cartridge. Such a system includes an ink reservoir
1002 holding ink that be injected in the needle well 1005 by pressing a piston 1001. A line
or tube 1003 can be used to deliver the ink from the ink reservoir 1002 to the needle well
1005. Referring now to Figures 10A, 10B, 14, and 16, the needle cartridge of Figure 16
and the needle cartridge 641 of Figures 10A and 10B can include one or more electrodes,
electrode wires, sensors, or the like. For example, the cartridge 641 of Figures 10A and
10B can contain the electrode wire 646 that provides the needle electrode connection
647 to the rest of the system or device. With continued reference to Figures 10A and 10B,
the needle cartridge 641 also contains a plastic piston 645 connected to the needle 642
to provide Z movement and an elastic skirt 644 that provides a seal to ink and air from
the ink well as well as a spring like action on the plastic piston. When assembled, air and
ink can only be released through the needle opening. The ink cartridge of Figure 16 can
include similar components and operate in a similar manner.

[0157] The ink and needle cartridges can integrate with the needle and the ink
necessary to provide desired tattooing action. When inkless measurement with the needle
is performed (e.g., dry puncture), the ink reservoir piston is not pressed and no ink is
present in the ink well. The needle is therefore operated without ink on its surface,
resulting in a puncture with no ink. When performing a tattoo with ink, the ink reservoir
piston is pressed in initially until ink fills up the ink well. The ink in the ink well does not
drain excessively from the needle aperture when the needle actuation is not performed
due to the surface tension of the ink. In operation, the needle actuation moves ink from
the ink well by coating the needle surface with ink, which allows ink to be transferred to
the skin and in the skin. As the tattoo progresses, the piston of the ink reservoir is further
pressed to compensate for the consumed ink as part of the tattooing process such that
the ink well is always sufficiently full for tattooing. This can be realized by either sensing
the ink well content or by adding a prescribed amount of ink for every, or some number

of actuations of the needle. The piston of the ink reservoir can be, in one embodiment,

63



WO 2021/016590 PCT/US2020/043588

pressed by an automated actuator, or, in another embodiment, by the operator in case of
a manually operated machine.

[0158] The ink and needle cartridge system may, in some embodiments, not
contain a piston to transfer ink from the reservoir to the ink well, but any other suitable
mean of transferring ink from one to the other, such as a pump, capillary action, pressure
differential, or piezoelectric action. The ink and needle cartridge may include multiple sub
elements, each of which may or may not be disposable. The ink and needle cartridge may
contain sensors and electronic components to detect ink level and to authenticate
originality, quality or first usage of the ink and needle cartridge, to avoid reuse of
components (e.g., ink cartridges/assemblies), quality of product and one status of
product.

[0159] The handheld manually operated tattooing process can include one or more
steps discussed in connection with Figure 3A and there can be some optional differences
in steps 302, 303, 304, 305, 306, 307, 310, 320, 308. The handheld manual operation
can include one or more features discussed in connection with step 310 (Figure 3B), step
320 (Figure 3C), and processes discussed in connection with Figure 17. Referring now
to Figure 3A, in a manually-operated embodiment of step 301, a portion of skin that will
receive the tattoo is prepped by, for example, shaving (if required or desired), cleaning
the skin surface, etc. In step 302, a stencil can be applied to the portion of skin. The
stencil in step 302 can be similar or identical to the steps described in connection with
Figures 18A-18C or other stenciling processes disclosed herein. The stencil can provide
information about operation of the tattooing device. The stencil can include one or more
markings indicating tattooing procedure information, specifying the order of operations for
a manual operator to execute, post tattooing session information, or combinations thereof.
In some embodiments, the stencil can provide a temporary indication of the final design
that can be reviewed and accepted by the client. Artwork can be used to generate a
stencil. An algorithm may be used to generate the stencil from the artwork. The artwork
can be comprised of dots, lines, areas interpreted as dots, or the like. The algorithm can
be selected based on the characteristics of the artwork, such as resolution of the artwork,

colors of the artwork, or the like.
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[0160] After applying the stencil 302 of Figure 3A, the subject and/or operator may
check the stencil 303. The subject may review the stencil application and either approve
or reject the design placement. The operator may review the stencil for quality of
application. In some embodiments, for example, a stencil deposition should be such that
a transfer of fiducial marks is adequate to apply a tattoo using the handheld tattoo device
without missing dots. If the stencil appears misplaced or the application is not accepted
by client, the stencil application step may be repeated until accepted.

[0161] Following approval of the stencil application, lubricant can be applied in step
304. A variety of suitable lubricants with different viscosities and hydrophobic properties
may be suitable for use. For example, a lubricant with a viscosity between, for example,
10cps and 500cps with hydrophobic properties to increase the contact angle between ink
droplets and skin may be used. The lubricant can be chosen such that the type and
viscosity of the lubricant may allow it to protect the epidermis top surface from being
stained by ink and/or increase ease of removal of the ink.

[0162] Step 305 may be performed after step 304. In step 305, the handheld tattoo
device can be prepared to position the disposable ink delivery system, contactor, needle
cartridge and/or protective bagging on the handheld tattooing device. These accessories
can be disposable for hygiene purposes. Electrodes (e.g., liquid electrodes) can be
positioned on the skin by the operator within the vicinity of the tattooed skin area. The
electrodes can be positioned side by side or in another pattern, with the test electrode
positioned closer to the tattoo area than the reference electrode.

[0163] Following step 305, the tattoo device may perform a calibration routine. In
step 306, the tattoo device can identify its internal zero reference and calibrate itself. The
calibration routine can include actuating one or more actuators (e.g., actuator system) to
assess correct operation in this step. In one embodiment, calibration may comprise of
using an algorithm to run a diagnostic of the sensors. Additionally or alternatively, a
conductivity test may be performed to confirm connection of one or more electrodes to
the tattoo device and/or to the skin.

[0164] In the handheld operation, step 307 of Figure 3A can be omitted, since

positioning of the handheld tattoo device can be performed by the operator in steps 310
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and 320 for each and every dot, or a subset of dots. In some embodiments, a tattoo
process can include both step 307 of Figure 3A and steps 310 and 320.

[0165] At step 310, a skin puncture property acquisition can be performed. For the
manual embodiment of Figure 3B, the operator can identify one or more markers
associated with a dry puncture.

[0166] Figure 17 is a block diagram of a dry stage with dry puncture and wet stage
with wet puncture in a tattoo application process step in accordance with an embodiment
of the disclosure. The robotic systems can perform the steps discussed in connection
with Figure 17 and discussed in connection with the embodiments of Figures 14-16. A
dry puncture is a puncture that is formed without applying ink. For example, a needle can
be inserted into the skin to form the puncture, and the needle can be removed from the
skin. The locations designated to receive dry punctures are denoted by an unfilled feature
1101 in the example stencil illustration in Figures 18A to 18C. The unfilled feature
configuration (e.g., shape, dimensions, diameter, etc.) can be an indicator for needle
configuration. In one embodiment, small diameter circles indicate the use of a needle with
3 or less tips in a tight circular configuration, and large diameter circles indicate the use
of a needle with 4 or more tips in a tight circular configuration. The position can either be
identified by a numeral character (e.g., number 1104 as shown in Figure 18A) applied as
part of the stencil and/or through a digital representation of the tattoo displayed on the
computer or tablet that runs the control software's graphical user interface. Other
techniques can be used to apply the numeral character.

[0167] A control module can send a command to the computing unit of the tattoo
system to configure (e.g., applying one or more settings) the tattoo device for the skin
puncture acquisition in step 1312. After a setting is applied in step 1312, the operator
can position the contactor window by centering the contactor with the marker in step 1313.
Figure 18C illustrates positioning of the contactor window 1106 with the stencil illustration.
For example, contactor can be aligned with the dry marker numbered "1". In step 1313,
the operator can also ensure that the tattoo device is properly oriented with respect to the

skin surface with or without using a level element, such as the level element 903 in Figure
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14. If the skin surface is oriented horizontally, the level element can be an air bubble level
element used to ensure that the contactor/skin surface are substantially parallel.

[0168] The operator can increase or decrease the pressure applied by the
contactor to the skin by applying manual force. In some procedures, belts, straps,
adhesive elements (e.g., double-sided adhesive tape) are used to couple the tattoo
device to the subject. The tattoo device can apply a sufficient level of force to the skin to
ensure sufficient contact between the contactor and the skin. The amount of force
employed can be measured by one or more sensors (e.g., contact sensors, pressure
sensors, load cell, etc.). The amount of force can be digitally reported by the graphical
and/or sound interface of the control module. The amount of force or pressure allowed
can be between two force/pressure values, a lower bound optimal force/pressure and a
higher, upper bound optimal force/pressure. In some embodiments, the optimal forces
are between 0g and 10,000g.

[0169] The control module can block the actuation of the handheld tattoo device if
the force/pressure applied is not in the between the lower and upper optimal
force/pressure. When the operator is ready to perform a puncture, the operator can press
the trigger element, as discussed in step 1314 of Figure 17. If the contact force/pressure
is in the optimal range, the diagnostic system can report nominal operation and the
handheld tattoo device can confirm applying the parameter settings from step 1312. The
handheld tattoo device can proceed immediately to step 1315. In step 1315, the handheld
tattoo device can perform a set of punctures (e.g., a puncture train). The depth, size,
positioning, and/or pattern of the punctures can be specified in step 1312. In step 1312,
the actuator(s) of the handheld tattoo device can be powered to puncture the skin. A
galvanic sensor and/or other sensors in the handheld tattoo device can start measuring
and recording signals related to the application of the set of punctures, the data can be
buffered in the control unit and, after the puncture train (e.g., set of punctures) is partially
or entirely completed, and the data can be formatted and transferred to the control
module. The data can be analyzed and/or interpreted in step 1316. In some

embodiments, the data is analyzed in step 1317. In step 1328, if i<n, the process returns
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to step 1311. The steps 1311 to 1316 are then repeated until a set or all the puncturing
has been completed.

[0170] Signal detection and/or interpretation can be used to analyze data and leads
to the detection of the puncture events as described in connection with Figures 3A, 12A,
and 12B, and the device setting for performing a desired dot (e.g., a circular dot, round
dot, a dot with a desired size, color, color saturation, darkness, geometric characteristics,
shape, etc.) at that location marker is computed by an algorithm described herein. The
device settings can be stored. The operator can then repeat the operation from steps
1311 to 1317 for each dry marker until a predetermined number or all dry punctures have
been performed.

[0171] Once performed, an optimal setting obtained in step 1317 for all the dry
markers of a specific dot size can be interpolated in step 1318 for all the positions
associated with wet dots of the same or similar configuration (e.g., size, shape, diameter,
etc.). This is exemplified for dot number 16 (dot 1105 in Figure 18B), for which the
settings can be interpolated as a combination of the information collected from one or
more of dry punctures 2, 3, and 12. In one embodiment, this interpolation can be
performed on different wet dot diameters than the dot diameters of the dry punctures by
applying a setting conversion from one type of needle to another type of needle used to
obtain different dot diameters. Wet dots are tattoo dots where a detectable amount of ink
has been applied to the subject. This can conclude the step 310 (Figure 3A) associated
with the manual embodiment of the tattoo process.

[0172] In step 320 (Figure 3A) associated with the manual embodiment of the
tattoo process, the tattooing process can be performed. In the case of the manual
embodiment of the tattoo process, wet dots can be applied. The operator can proceed to
identify the marker associated with a wet puncture in step 1321 of Figure 17. These dots
can be marked by a filled circle in the stencil illustration in Figures 18A-18C. The diameter
of the filled circle can indicate the diameter of the needle used. In one embodiment, small
diameter circles are applied using a needle with 3 or less tips in a tight circular
configuration and large diameter are applied using a needle with 4 or more tips in a tight

circular configuration. The position can either be identified through a number applied as
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part of the stencil and/or through a digital representation of the tattoo displayed on the
computer or tablet that runs the control software's graphical user interface. Settings of the
tattoo device are applied in step 1322 (Figure 17) by reading the interpolated parameters
obtained in step 1318 (Figure 17) and sending a command from the control software to
the computing unit of the tattoo handheld unit. Once the settings are applied in step 1322
(Figure 17), the operator can position the contactor window or opening by centering the
contactor with the marker in step 1323. In this step 1323, the operator also ensures that
the needle (or needle assembly) is properly oriented perpendicular to the skin surface
(e.g., a longitudinal axis or line of action of the needle assembly can be generally
perpendicular to the surface of the skin) with or without using a level indicator. The
operator can increase or decrease the pressure applied by contactor to the skin by
applying manual force. One of the operator’s objectives can be to apply an optimal level
of force to the skin to ensure sufficient contact between the contactor and the skin. The
amount of force employed is measured by the load cell (e.g., load cell 1008 of Figure 16)
and the value of the load can be digitally reported by the graphical interface of the control
software. The optimal force allowed is between two force values, a lower bound optimal
force and a higher, upper bound optimal force. These forces can be between 0g and
10,000g. The control software can prevent actuation of the handheld unit if the force
applied is not within a target range (e.g., between the lower and upper optimal forces).

[0173] When the operator is ready to perform a puncture, the operator triggers the
ink delivery system to inject ink in the needle well in step 1324 of Figure 17. For the initial
wet dot, the needle well will be filled with ink for the first time. For additional wet dots, a
sufficient amount of ink can be present in the needle well and adding more ink may be
performed if necessary. When ready, the operator can press the trigger button in step
1325. If the contact force is in the optimal zone, the diagnostic system can report
operation information and the handheld unit can be configured based on the parameter
settings from step 1322. The handheld unit then proceeds immediately to step 1326. In
step 1326, the handheld unit performs a set of punctures at the depth and number settings
specified in step 1322. In this step, the handheld actuator can be powered, which results

in the needle (or needle assembly) puncturing the skin. Data associated with the puncture
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event can be collected. This collected data is analyzed and used to confirm appropriate
application of the tattoo settings. The stored interpolation settings for subsequent dots
may be adjusted if new settings are desired or needed to produce desired dots. In step
1338, if i<n, the process returns to step 1321. The steps 1321 to 1326 are then repeated
until all the wet dots have been applied. This concludes step 320 (Figure 3A) for the
manual tattooing process embodiment.

[0174] In the manual embodiment of the tattoo process, step 308 of Figure 3A can
be omitted as the handheld unit is not attached to the customer. The tattoo area may be
cleaned and dressed with a protection layer in dressing tattoo step 309 (Figure 3A).
Additionally, a variety of aftercare treatments may be provided. Finally, the surface of the
tattooing device may be cleaned with a cleaning solution so as to be suitable for
subsequent use. Any disposable components may then be removed and disposed of. In
some embodiments, the handheld robotic units can be attached to the customer.

[0175] As used herein, the term "disposable" when applied to a system or
component (or combination of components), such as a needle, a tool, or stencil, is a broad
term and generally means, without limitation, that the system or component in question
is used a finite number of times and is then discarded. Some disposable components are
used only once and are then discarded. In other embodiments, the components and
instruments are reusable and can be used any number of times. In some systems, all of
the components can be disposable to prevent cross-contamination. In some other
systems, components (e.g., all or some of the components) can be reusable.

[0176] Embodiments of the stencil deposition can be designed for manual
application of the tattoo. One embodiment is displayed in Figures 18A-18C. The stencil
can facilitate tattoo application by the manual operator and to provide a proxy reference
of the final design to the client. In such embodiments, the stencil can contain alignment
markings 1101, 1102 and 1103 (Figure 18A) for proper operator alignment. Numbers and
text 1104 to help the operator proceed in the correct order of dots. Filled circles 1102
denote the locations designated for "wet" punctures. Unfilled circles 1101 denote the
locations for "dry" punctures to be administered. Dry punctures are administered without

ink, not part of the final tattoo, but used for gathering information about the skin puncture
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properties prior to performing wet dots. One embodiment of the stencil uses various
diameters for the filled and unfilled circles to indicate the correct needle type and
arrangement for the tattoo dot size by varying the dot diameter. Any other markings may
be present to facilitate the operator application of the tattoo and customer validation of
design and placements. Stenciling procedures can include steps discussed in connection
with Figures 5A-6B, 11A-11D, and 18A-18C.

Digital Files, Computing Systems, and Controllers

[0177] Figure 19 is a flow chart of a method 1208 for generating tattoo digital files
(or digital tattoos) that are optimized for automated tattooing and can be displayed as
visual art or machine-read for the execution of the tattoo by the automated tattoo machine.
These files are created by interpreting graphical artworks or images.

[0178] In step 1210, a set of optional guidelines and directions may be provided to
the artist to facilitate the conversion of the artwork into a digital tattoo. In some
implementations, this step may be omitted.

[0179] In step 1211, art is received either physically or by other means in digital
media formats which may be vector-based, raster-based, or a combination of both. In
some embodiments, the artwork is received via a wireless or wired connection. For
example, the artwork can be received via a local area network or wide area network.
[0180] In step 1212, the artwork can be converted into a digital image with a
standardized format. If artwork is received physically, it can be scanned at a desired
resolution (e.g., a high resolution using a scanner, or other imaging device) suitable for
being converted into a raster-based digital image. If artwork is received in digital media
format, any vector-based components of the artwork may be rasterized at a certain high
resolution. The technique for converting the artwork to a digital image can be selected
based on the desired processing time, resolution, and/or conversion accuracy.

[0181] In step 1213, the digital image can be preprocessed. For example, the
digital image can be preprocessed to adjust its brightness, contrast, light curves, dynamic
range, color distribution, and/or enhance desired geometric features, such as edges.
Separate preprocessing procedures may be applied to different parts of the image, and

manual touch-ups could be performed to achieve desired aesthetic.
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[0182] In step 1215, a dot-based tattoo design can be generated by, for example,
using one or more conversion algorithms to convert the digital image into a collection of
tattoo dots. This conversion may be performed in multiple stages, aimed to convert
different aspects of the image, such as dots, lines and shades. The number of dots used
to represent the tattoo design can be selected based on the resolution and capabilities of
the tattoo apparatus.

[0183] In steps 1214 and 1215, different visual components of the artwork can be
detected and analyzed, such as individual dots, lines, shaded areas and edges of shaded
areas. The analysis may be performed in multiple stages and parts of the image may be
masked off at each stage to avoid duplicate detection of features. Isolated dots on the
image whose size are similar to the tattoo dot or needle size may be identified as
individual tattoo dots and assigned a representative color or shade. Lines and edges of
shaded or solid areas may be detected as lines with a representative color, shade and
thickness, each of which may be varied. Line tracing techniques may be used to identify
continuous lines or edges, and to construct a series of tattoo dots with varying spacing
and dot size to represent the line with varying contrast, thickness or shade. The rest of
the image, such as areas of varying color or shade, or continuous areas of a solid color
may be covered with a collection of tattoo dots using space-filling methods, where the
spatial density and/or size of dots is varied to represent the variations of color or shade
on the image. Space-filling may be performed based on an underlying ordered grid,
probabilistic dot placement, halftoning or dithering techniques. Computational stippling
methods, such as one utilizing weighted Voronoi cells, may be used to spatially rearrange
the locations of tattoo dots based on the gradients of color or shade on the image. This
operation may improve the visual representation of image gradients by the spatial
distribution of tattoo dots. The resulting collection of tattoo dots constitutes a candidate
tattoo design, and it is rendered on a screen in step 1216 for visual inspection by a human
operator.

[0184] In step 1216, the tattoo design can be postprocessed. The candidate tattoo
design may be compared with the original artwork on the screen to facilitate the

inspection. The tattoo design may also be digitally overlaid on pictures of body parts with
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different skin colors, to assess its aesthetic outcome. At this step, the operator may add,
remove, and/or relocate dots manually to improve the aesthetic outcome of the tattoo
design. Based on the outcome, the operator may also choose to modify the image
preprocessing settings of step 1213, and repeat steps 1213—1216 to improve the design.
As a result, the output of step 1216 can be the final tattoo design, which visually
represents the original artwork received in step 1211.

[0185] In step 1217, metadata may be assigned to the tattoo dots to modify their
puncture settings, such as the needle extension and number of punctures or ink delivery
flowrate in the needle reservoir, around their nominal values, in order to achieve a
particular aesthetic aspect. For example, to better represent a light-shaded area of the
artwork, the number of punctures or needle extension may be decreased for the collection
of tattoo dots in that area. Or, these settings could be increased for very dark or color-
saturated areas, to increase the deposited ink per puncture and consequently reduce the
time needed to tattoo such areas.

[0186] In step 1218, a simplified design outline is generated from the art, which
may be placed on the stencil to allow the customer to review the design’s positioning on
the skin before starting the tattooing operation. A subset of the features detected in step
1214, such as the most distinct lines and edges, may be used to create the design outline.
Positioning of the design may also be reviewed using augmented reality, wherein the final
tattoo design (step 1216) is overlaid on a camera image or live video, based on the
positioning and deformation of the applied stencil on the image detected by machine
vision. If augmented reality is used, including the design outline on the stencil may not be
necessary.

[0187] One or more of the steps 1218-1220 can be performed in parallel with steps
1215-1217. For example, the lattice generation 1219 can be performed concurrently with
the step 1216. Each step can incorporate data from other steps. For example, the tattoo
metadata generation at step 1217 can be based on the design reduction at step 1218.
The order and timing of the steps can be selected based on the tattoo file to be generated.
[0188] In step 1219, a spatial arrangement of fiducial markers (lattice) is generated

and placed on the stencil. The lattice of fiducial markers is employed by machine vision
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to track the deformation of the skin and detect its spatial coordinates (see Figures 5A-
6B). This lattice is constituted of fiducial markers of a certain diameter (e.g. 50-500 um)
and spacing (e.g. 100-1000 um). This lattice may be spatially arranged as a square grid,
as shown in Figure 5A, although other arrangements are possible, such as a hexagonal
grid, or unordered spatial distributions. Information-encoding variations (pattern) of these
fiducial markers such as location, size, omission, shape or color, (see Figure 5A for a
spatial variation encoding example) may be used to create a pattern which allows
identification of the local spatial coordinates by the machine vision. The pattern may be
probabilistically (randomly) or deterministically (rule-based) generated.

[0189] In step 1220 of Figure 19, the local-uniqueness and robustness of the
pattern is checked. The requirement of local-uniqueness means: different parts of the
pattern, as exposed through the contactor window, must be distinct for every potential
position of the contactor. The robustness of the pattern means that the local-uniqueness
persists when parts of the pattern are concealed or when random noise is introduced to
the pattern (these conditions may occur during tattooing operation or when the stencil is
first applied to the skin). Deterministic or probabilistic modifications may be made to the
pattern, manually or automatically, to improve the likelihood of either requirement being
satisfied. Steps 1219—1220 can be repeated until a locally-unique and robust pattern is
generated. In some embodiments, step 1219 and 1220 can be performed in advance
and the same lattice may be reused for various stencils for tattoos of the same size.
[0190] In Step 1221, the digital tattoo data or file can be generated, which contains
at least (i) the coordinates of the dots in the tattoo design (step 1216), and (ii) the
coordinates of the fiducial markers (step 1219,1220), (iii) a digital image of the stencil
which (a) at least contains the fiducial markers and (b) may also contain the design outline
from step 1218. The tattoo file may also contain: (iii) a digital image of the original artwork
(step 1212), (iv) artwork ownership and licensing information, (v) the settings used in
image preprocessing (step 1213), (vi) the metadata for tattoo dots (step 1217), (vii)
simplified outline of the art (step 1218) in vector form, (viii) a pre-computed data table to
facilitate finding the tattoo dots in a particular region. Each component in the digital tattoo

file may be stored using the appropriate data structures for that component, such as, a
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data table for the dot coordinates, a vector-based graphics format for the stencil, a raster-
based graphics format for the artwork image, etc. As described in Figure 3C the
information in the tattoo file, such as the components (i, i, vi, vii), and the machine vision
analysis (Figure 5A-6B) are used in combination to create the machine instructions for
each tattoo dot, controlling (i) spatial positioning of the needle on skin, (ii) needle
extension, (iii) number of punctures, (iv) amount of ink injected on the needle.

[0191] The accuracy, repeatability, capability, and/or resolution of the robotic
application of the tattoo, as compared to traditional manual tattooing, may be
characterized, for example by one or more of the following. In one embodiment, the tattoo
position (e.g., overall tattoo position, section of tattoo, etc.) relative to the absolute
position on the skin may be £0.5mm, £1mm, £2mm, £3mm, or £4mm in a skin plane as
compared to a stencil positioning. In other embodiments, the overall tattoo position
relative to the absolute position on the skin may be < £5mm, including but not limited to
e.g. £2mm, £3mm, x4mm, and all non-integer values e.g. £0.6mm, £0.7mm, +1.2mm,
+1.3mm, etc. The relative tattoo position can be selected based on the size, intricacy,
resolution, or other features of the stencil, tattoo, or the like.

[0192] The optical detection (e.g., machine vision accuracy) may be ~4um per
pixel. In other embodiments, the optical detection or machine vision accuracy may be =
~4um per pixel, or £ ~4um per pixel. In one embodiment, the extracted position error of a
fiducial marker may be < £50um in the skin plane, including but not limited to for example,
+40um, £35 um, £30um, £20um, and all other non-integer values e.g. £25.7um, £25.6um,
+25.5um, etc. The detection capabilities of the optical detection can be selected based
on the characteristics of the tattoo and may be better than detection via the naked eye.
[0193] The accuracy of the needle in the z plane may be < £100um from the
prescribed needle elongation setting due to skin deformation, including but not limited to
for example, +90um, £85 um, £80um, £70um, and all other non-integer values e.g.
+65.7um, £65.6um, 65.5um, etc. In one embodiment, the position accuracy of each
tattoo dot compared to its neighbors may be < £50um, including but not limited to for
example, £40um, £35 um, £30um, +20um, and all other non-integer values e.g. £25.7um,

+25.6um, +25.5um, etc.
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[0194] The expected resolution of tattooing in dots per inch (dpi) may be 72 to 2540
dpi, but is variable based on design dot density. For example, the expected resolution of
tattooing may be, but is not limited to being, between 72 to 2540 dpi, or larger than 72 to
2540 dpi, e.g. between 50-3000 dpi, etc. In one embodiment, the expected dot size may
be, but is not limited to, between 100um to 5000um based on the needle size. In one
embodiment, the expected tattooing speed may be < 0.15s per dot, for example including
but not limited to 0.1s per dot, 0.8s per dot, 0.5s per dot, etc. In one embodiment, the
expected time of completion of a 3.5x2in, 15000 dots tattoo, including dry dots may be
for example =40min.

[0195] Figure 20 is a schematic block diagram illustrating subcomponents of a
controller 1400 in accordance with an embodiment of the disclosure. The controller can
be part of a control unit (e.g., controllers 108 or 109 of Figure 1B) and/or can be
incorporated into other tattoo device or components disclosed herein. The controller 1400
can include a computing device 1402 having one or more of each of processors 1404,
memory 1406, input/output devices 1408, and/or subsystems and other components
1410. The computing device 1402 can perform any of a wide variety of computing
processing, storage, sensing, imaging, and/or other functions. Components of the
computing device 1402 may be housed in a single unit or distributed over multiple,
interconnected units (e.g., though a communications network). The components of the
computing device 1402 can accordingly include local and/or remote memory storage
devices and any of a wide variety of computer-readable media.

[0196] As illustrated in Figure 20, the processor 1404 can include a plurality of
functional modules 1412, such as software modules, for execution by the processor 1404.
The various implementations of source code (i.e., in a conventional programming
language) can be stored on a computer-readable storage medium or can be embodied
on a transmission medium in a carrier wave. The modules 1412 of the processor can
include an input module 1414, a database module 1416, a process module 1418, an
output module 1420, and, optionally, a display module 1422.

[0197] In operation, the input module 1414 accepts an operator input 1424 via the

one or more input devices, and communicates the accepted information or selections to
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other components for further processing. The operator input 1424 can include, for
example, stencil information, tattoo design information, subject preferences (e.g.,
preferences for tattoo, length of session, tattoo resolution, tattoo style, etc.), or the like.
The information can be displayed via the display 1422. The display 1422 can be a
touchscreen or other output device capable of displaying and/or receiving input.

[0198] The database module 1416 organizes records, including internal and
external variables, settings (e.g., machine settings, puncture settings, etc.), puncture
parameters, scores (e.g., dot scores), subject data sets, experimental data, tattoo graphic
data, stenciling data, artwork, tattoo designs, and operating records and other operator
activities, and facilitates storing and retrieving of these records to and from a data storage
device (e.g., memory 1406, an external database, etc.). Any type of database
organization can be utilized, including a flat file system, hierarchical database, relational
database, distributed database, etc.

[0199] In the illustrated example, the process module 1418 can generate control
variables based on sensor readings and/or image data 1426 from sensors, machine
vision systems, and/or other data sources. The sensors can include, without limitations,
impedance sensors, accelerometers, gyroscopes, contact sensors, pressure Sensors,
sensors configured to output signals associated with needle depth or position, galvanic
sensors, or other suitable sensors.

[0200] The output module 1420 can communicate operator input to external
computing devices and control variables. The output module 1420 can include one or
more communication elements, transmitters, receivers, antennas, ports (e.g., USB ports,
LAN port(s), optical port(s), etc.), interfaces, etc. Example interfaces include USB port
interfaces, a wired Local Area Network interface (e.g., Ethernet local area network (LAN)
interface), a wireless network interface via a WiFi LAN access in accordance with, for
example, |.LE.E.E. 802.11b/g/n wireless or wireless network communications standard.
The display module 1422 can be configured to convert and transmit processing
parameters, sensor readings 1426, output signals 1428, via one or more connected
display devices, such as a display screen, touchscreen, etc. the output signals 1428 can

be sent to one or more components to control or command the components.
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[0201] In various embodiments, the processor 1404 can be a standard central
processing unit or a secure processor. Secure processors can be special-purpose
processors (e.g., reduced instruction set processor) that can withstand sophisticated
attacks that attempt to extract data or programming logic. The secure processors may not
have debugging pins that enable an external debugger to monitor the secure processor's
execution or registers. In other embodiments, the system may employ a secure field
programmable gate array, a smartcard, or other secure devices.

[0202] The memory 1406 can be standard memory, secure memory, or a
combination of both memory types. By employing a secure processor and/or secure
memory, the system can ensure that data and instructions are both highly secure and
sensitive operations such as decryption are shielded from observation. In various
embodiments, the memory 1406 can be flash memory, secure serial EEPROM, secure
field programmable gate array, or secure application-specific integrated circuit. The
memory 1406 can store instructions performing any of the methods disclosed herein,
including, without limitation processing images, obtain information about our work and or
tattoo designs, acquiring information, analyzing target sites, dot scoring, data collection,
determining puncture settings, digital stencil reference data, or the like. The memory
1406 can include non-transitory computer-readable medium, memory component, etc.
carrying instructions, which when executed, causes actions. The actions can include
steps disclosed herein.

[0203] The steps of the methods disclosed herein can employ one or more Al
techniques. Al techniques can be used to develop computing systems capable of
simulating aspects of human intelligence, e.g., learning, reasoning, planning, problem
solving, decision making, etc. Al techniques can include, but are not limited to, case-
based reasoning, rule-based systems, artificial neural networks, decision trees, support
vector machines, regression analysis, Bayesian networks (e.g., naive Bayes classifiers),
genetic algorithms, cellular automata, fuzzy logic systems, multi-agent systems, swarm
intelligence, data mining, machine learning (e.g., supervised learning, unsupervised

learning, reinforcement learning), and hybrid systems.
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[0204] In some embodiments, image processing, detection (feature detection,
fiduciary marker detection, reference feature detection), skin puncture property
acquisition and analysis, skin color identification, position analysis, dot scoring, art
conversion, artwork preprocessing, artwork analysis, tattoo design generation, lattice
generation, lattice verification, and other steps disclosed herein can use one or more
trained machine learning models. Various types of machine learning models, algorithms,
and techniques are suitable for use with the present technology. In some embodiments,
the machine learning model is initially trained on a training data set, which is a set of
examples used to fit the parameters (e.g., weights of connections between “neurons” in
artificial neural networks) of the model. For example, the training data set can include any
of the reference data stored in database 1416 (Figure 20), such as a plurality of reference
puncture data sets or a selected subset thereof.

[0205] In some embodiments, the machine learning model (e.g., a neural network
or a naive Bayes classifier) may be trained on the training data set using a supervised
learning method (e.g., gradient descent or stochastic gradient descent). The training
dataset can include pairs of generated “input vectors” with the associated corresponding
“answer vector’” (commonly denoted as the target). The current model is run with the
training data set and produces a result, which is then compared with the target, for each
input vector in the training data set. Based on the result of the comparison and the specific
learning algorithm being used, the parameters of the model are adjusted. The model
fitting can include both variable selection and parameter estimation. The fitted model can
be used to predict the responses for the observations in a second data set called the
validation data set. The validation data set can provide an unbiased evaluation of a model
fit on the training data set while tuning the model parameters. Validation data sets can be
used for regularization by early stopping, e.g., by stopping training when the error on the
validation data set increases, as this may be a sign of overfitting to the training data set.
In some embodiments, the error of the validation data set error can fluctuate during
training, such that ad-hoc rules may be used to decide when overfitting has truly begun.
Finally, a test data set can be used to provide an unbiased evaluation of a final model fit

on the training data set.
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[0206] To generate a tattoo plan or protocol, a data set can be input into the trained
machine learning model(s). Additional data, such as the selected subset of reference
patient data sets and/or similar patient data sets, and/or treatment data from the selected
subset, can also be input into the trained machine learning model(s). The trained machine
learning model(s) can then calculate whether various candidate treatment procedures
and/or medical device designs are likely to produce a favorable outcome for the patient.
Based on these calculations, the trained machine learning model(s) can select at least
one treatment plan for the patient. In embodiments where multiple trained machine
learning models are used, the models can be run sequentially or concurrently to compare
outcomes and can be periodically updated using training data sets. The module 1420 can
use one or more of the machine learning models based the model's predicted accuracy
score.

[0207] The controller 1400 can include any processor, Programmable Logic
Controller, Distributed Control System, secure processor, and the like. A secure
processor can be implemented as an integrated circuit with access-controlled physical
interfaces; tamper resistant containment; means of detecting and responding to physical
tampering; secure storage; and shielded execution of computer-executable instructions.
Some secure processors also provide cryptographic accelerator circuitry.

[0208] The input/output device 1408 can include, without limitation, a touchscreen,
a keyboard, a mouse, a stylus, a push button, a switch, a potentiometer, a scanner, an
audio component such as a microphone, or any other device suitable for accepting user
input and can also include one or more video monitors, a medium reader, an audio device
such as a speaker, any combination thereof, and any other device or devices suitable for
providing user feedback. For example, if an applicator moves an undesirable amount
during a tattoo session, the input/output device 1408 can alert the subject and/or operator
via an audible alarm. The input/output device 1408 can be a touch screen that functions
as both an input device and an output device.

[0209] The controller 1400 can detect events, such as adverse events. The
adverse events can include interruptions during the tattoo execution, such as (1)

temporarily pausing and resuming the tattooing process, 2) stopping and later reinitiating
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the tattooing process, and 3) stopping the tattooing process due to an emergency or
critical event and later reinitiating the tattooing process. The operator can be notified via
the input/output devices 1408 of a detected event. Sensor readings 1426 can be analyzed
to automatically detect events based on sensor output. The tattooing system 90 of Figure
1B, shuttle 104 of Figure 2, tattooing apparatus 400 of Figure 8, tattoo device 900 of
Figure 14, and tattooing system 908 of Figure 15 can detect events and may perform
recovery processes based on the detected event, as discussed below.

Example Tattooing Environment and Systems

[0210] Figure 21 is a network diagram of a tattooing environment and system 1500
(“system 1500”) in accordance with an embodiment of the disclosure. The description of
the tattoo system 60 of Figure 1A applies equally to the system 1500 unless indicated
otherwise. The system 1500 includes a tattoo assistance system 1510 that can control
tattoo apparatuses with different configurations and functionality to allow operator(s) to
apply different types of tattoos to multiple clients. A network 1560 can provide
communication between the various components of the system 1500 via one or more
wireless connections, wired connections, optical connections, or the like. In one
embodiment, some or all of the tattoo apparatuses are configured to be controlled by the
tattoo assistance system 1510 and can be located at a single tattoo studio or separate

tattoo studios.

[0211] Figure 21 illustrates the system 1500 including a tattooing apparatus 1520
with features and functionality described in connection with Figures 1A, 1B, and 2, a tattoo
apparatus 1530 with features and functionality described in connection with Figure 8, a
handheld tattoo apparatus 1532 with features and functionality described in connection
with Figure 14-16, and tattoo apparatuses 1540, 1550. The number, configuration, and
functionality of the tattoo apparatuses and components can be selected based on the
number of subjects to be tattooed at the same time, characteristics of the tattoos to be
applied, desired length of tattoo session, preferences of the operator or subject, or the
like. In some embodiments, different needle heads and/or needles can be utilized by the
tattoo apparatuses 1520, 1530, 1532, 1540, 1550. Different types of end effectors,
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needle assemblies, tattoo needles, fluidic systems, controllers, or the like can be selected

based on desired tattoo capabilities.

[0212] An ink delivery system can be used to provide ink to a single tattoo
apparatus or to multiple tattoo apparatuses. Referring again to Figure 21, the tattoo
apparatus 1540 includes a robotic tattoo apparatus or multi-axis robotic arm 1570 (e.g.,
3-axis robotic arm, 4-axis robotic arm, 5-axis robotic arm, 6-axis robotic arm, etc.), an end
effector in the form of a needle head assembly 1580, and an ink delivery system 1582.
The ink delivery system 1582 includes containers 1583 (e.g., ink bottles, ink cartridges,
etc.), a fluidic system 1584 (including hoses, valves, pumps, etc.), and other fluidic
components for fluidically coupling the ink delivery system 1582 and the needle head
assembly 1580. The tattoo apparatus 1540 can include a machine vision device or
system 1600 (“machine vision system 1600”) with multiple image capture devices 1602
(e.q., spaced apart digital cameras) for imaging-based automatic inspection and analysis.
In other embodiments, the devices 1602 are LIDAR sensors. The needle head assembly
1580 can also include one or more sensors for providing data to the tattoo assistance

system 1510 via communication channel 1620.

[0213] The tattoo apparatus 1550 can include an end effector in the form of a
needle head assembly 1621 with an integrated machine vision system, sensor(s) (e.g.,
contact sensors, optical sensors, mechanical sensors, chemical sensors, light detectors,
galvanic sensors, pressure sensors, etc.), or other features disclosed herein. The
integrated machine vision system can be protected by the housing of the needle head
assembly 1621. The tattoo assistance system 1510 can concurrently support and provide
functionality to different machine vision systems for each tattooing apparatus. This allows
the tattoo studio to utilize various types of machine vision systems and apparatuses. The

vision and/or sensor data can be used to control one or more tattoo steps.

[0214] An ink delivery system 1592 can be in fluid communication with the tattoo
apparatuses 1520, 1530 and can include one or more pumps, lines, fittings, and other
features (e.g. fluidic systems 1594, 1596) for independently delivering ink to the tattoo
apparatuses 1520, 1530. In some embodiments, a single ink delivery system can deliver
ink to all of robotic tattooing machines.
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[0215] The handheld tattoo apparatus 1532 having ink delivery system 1535
including a fluid container or a cartridge (illustrated as a syringe compatible with a housing
of the tattoo apparatus 1532), fluid line, and other fluidic components. Ink cartridges are
discussed in connection with Figures 14 and 16. The handheld tattoo apparatus 1532
can be used to manually apply tattoos, touchup tattoos or dots applied robotically, and/or
apply a portion of the tattoo while another portion of the tattoo is applied robotically. In
some implementations, a single tattoo design can be applied by sequentially applying
portions that tattoo using robotic tattoo apparatus (e.g., robotic tattoo apparatus 1520,
1530, 1570, or 1550) while the portions of the tattoo are applied concurrently or
sequentially by the handheld apparatus 1532. The handheld tattoo apparatus 1532 (or
tattoo apparatuses of Figure 21) can include one or more output modules to communicate
with and provide data to the tattooing environment and system 1510. The tattooing
environment and system 1510 can adaptively control the tattoo apparatus applying the
tattoo based on the received data from another tattoo apparatus. This allows for
coordination between tattoo apparatus to produce a desired tattoo. In non-tattoo
implementations, the robotic tattoo apparatus 1520, 1530, 1570, or 1550 and handheld

apparatus 1532 can be used to perform aesthetic treatments.

[0216] The tattooing apparatus 1532 can include ink container 1535 such as those
disclosed herein. For example, the ink container 1535 may include an ink delivery system

described in connection with Figure 16.

[0217] With continued reference to Figure 21, the tattoo assistance system 1510
can include one or more controllers, displays 1640, input devices 1650, etc. and can
include features or functionality disclosed herein. In some embodiments, the tattooing
environment and system 1500 has multiple tattoo assistance systems 1510 each
incorporated into the tattooing apparatuses. The tattoo assistance system 1510 and
controllers disclosed herein can be programmed to identify events, including low ink
supplies, machine vision alerts, temporary pauses, stop events, emergency or critical
events, adverse events, or the like. The tattoo assistance system 1510 and controllers
disclosed herein and can also be programmed to monitor and provide information such

as ink levels, tattoo apparatus data (e.g., status, maintenance history, operational history,
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settings, etc.), client data (e.g., preferences, profiles, payment, order histories, etc.),

tattoo design data, or the like.

[0218] In operation, the tattoo assistance system 1510 can generate a tattoo
protocol to apply a tattoo and can communicate with the tattoo apparatus to be used. The
tattoo assistance system 1510 can store one or more control maps, command programs,
instruction sets, and other data for controlling the tattoo apparatus to be used. For
example, the control map for the tattoo apparatus 1540 can include angles for controlling
each of the joints of the robotic arm. In 6-axis robotic arm embodiments, the control map
can include angles for each of the 6 joints to position the needle device 1580. Additionally
or alternatively, the control map can include target pose data for positioning an end
effector a desired location. For example, the control map can include translation data,
rotation data, or other data with reference to one or more reference frames. Based on a
target location of the end effector to apply a dot, the tattoo assistance system 1510 can
determine the translation and rotation data and commands for moving the end effector to

the target location.

[0219] The tattoo assistance system 1510 can implement one or more programs
for enforcement regarding authorization, authentication, and/or configuration of the tattoo
apparatuses. In some embodiments, the technology disclosed herein can be incorporated
into a commercially available robotic system. The tattoo assistance system 1510 can
communicate with the robotic system and obtain control data for controlling the robotic
system. The control data can include, without limitation, number of degrees of freedom,
geometric parameters of components of the robotic apparatus, force settings, range of
motion data, pose data, tolerance data, or the like. The tattoo assistance system 1510
can generate one or more machine settings (e.g., settings for selected poses), control
maps, command programs, instruction sets, kinematic model data, and other data (e.g.,
position matrices, Jacobian matrices, transformation matrixes, joint vectors, rotational

vectors, translational vectors, etc.) based on the received control data.

[0220] In non-tattoo setting, the robotic tattoo apparatus 1520, 1530, 1570, or 1550
and handheld apparatus 1532 can a apply botulinum toxin, anti-wrinkle agents,
denervating agents, anti-acnhe agents, collagen, medicants, or the like. The system can
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optically analyze a site and identify wrinkles (using a trained computer vision system
similar to that described above). Targeted wrinkles located along the subject face (e.g.,
along the forehead, surrounding the eyes, etc.) or any other location. The apparatus can
determine one or more puncture sites based on characteristics (e.g., size, depth, location,
etc.) of the wrinkles. The apparatus can inject one or more anti-wrinkle agents at puncture
sites to reduce or limit the appearance of the targeted wrinkles. The system can perform
both medical and aesthetic procedures. In another implementations, each robotic tattoo
apparatus 1520, 1530, 1570, or 1550 and handheld apparatus 1532 can apply ink, dyes,
or other substances to articles, such as purses, belts, and other articles of manufacture

disclosed herein.

Tattooing Processes and Events

[0221] A temporary pause may be initiated during the tattoo process either by the
operator, the client or the machine itself. In case of a client or operator interruption, a
command or tactile switch may be available. In the case of a machine triggered
interruption, a warning message may be displayed (e.g., via the input/output 1408 or
display 1422 of Figure 20) to inform the operator that a pause was triggered as well as
an error or warning message. In normal operation triggering, the aforementioned
temporary pause may cause the tattoo machine to pause the tattooing process. Setting
granularity can include, but is not limited to, pausing between dots or between the
executions of all the dots within a tattoo window. When the tattoo process is ready to
resume the tattoo operator or client may resume the tattooing process without a
requirement for recalibration or reinitiating of the tattoo machine. The operator may
instead decide to trigger a stop if the tattoo process cannot be resumed or at the request
of the client.

[0222] A stop of the tattoo process may be triggered by the operator, using either
a switch or a command line. The tattoo progress information is dumped from the core to
a restart file to assist with the eventual resuming of the tattooing process, and the
actuators are put in a safe position which would allow the client to disengage from the
machine safely. In the case, alignment may be disrupted and a recalibration of the tattoo

machine may be required. To resume tattooing after a stop, the client can reengage with

85



WO 2021/016590 PCT/US2020/043588

the machine and the tattoo area can be centered in the tattoo frame. Recalibration is
achieved by initially performing a scan (e.g., a partial or comprehensive scan) of the tattoo
area before moving in the vicinity of the last completed dot area and recommencing the
tattooing process. If the tattoo stencil is not sufficiently preserved for the performance of
machine vision, a new stencil may be applied and machine vision can assess the location
of the next tattoo dot by scanning the completed portion of the tattoo. Because it may be
difficult for an operator to exactly align a stencil with a partially completed tattoo, the new
applied stencil lattice is free floating. This means that the position of the reference tattoo
design is not initially fixed within the lattice. The machine vision can be used to scan the
tattoo area completely, in particular the already completed area of the tattoo. This allows
using a digital image correlation or other image analysis method to identify the exact
position of the partially completed tattoo in the newly applied lattice. The position of the
reference design within the digital reference lattice is then calculated from this digital
image correlation and the tattoo process can be resumed where the partial tattoo was
initially stopped. The same or similar strategy may be used when the expected tattoo is
larger than the tattoo frame, in which case the stop function is triggered to position the
client’s skin such that the non-tattooed part of the tattoo is now centered in the tattoo
frame while still some of the completed partial tattoo is also visible to provide sufficient
machine vision information for position referencing. This stop and shift strategy is
repeated until the tattoo is fully completed.

[0223] In the event of an emergency or critical event (as determined by the client
and/or the tattoo operator), a command or tactile emergency switch may be available for
that purpose. In normal operation, triggering the emergency switch will cut power to the
actuators (directly and indirectly) and dumps the tattoo progress information from the core
to a restart file to assist with the eventual resuming of the tattooing process. The passive
safety of the actuator may allow the client to remove themselves from the tattoo machine
when the actuator is unpowered. The resume function of the tattoo in case of an
emergency stop is similar to the one for a stop.

[0224] The restart data and/or files for the emergency stop and standard stop may

be transferred to the cloud or to a detachable storage media and may be used in another
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machine altogether. This may allow completion on another machine, for example, in case
of critical failure of the machine or if the client wishes to complete their tattoo at another
location/store/shop. The restart data and/or file may contain the original tattoo file, the ID
of the machine that performed the work, diagnostics of the machine at the time of tattoo,
ID of tattooed or tested dot in the design and ID of remaining dots, the dot parameter
table for the tattoo, the raw data files collected by the sensors and machine vision systems
and all other data generated in the original session. Other information in the restart file
may include identifying the tattoo session and client information as well as other
information input by the operator.

[0225] The tattoo systems may also encompass recovery methods in the case of
machine malfunction. Based on the gravity of the machine malfunction, a warning or a
pause or a stop or an emergency stop may be initiated by the operator, automatically by
the machine or by the client.

[0226] External malfunction may include loss of reliable power, such as during a
power outage. One embodiment of the invention includes an uninterruptible power supply
(UPS) which allows providing power in case of outage, at least long enough to complete
the ongoing tattoo. In case the tattoo is not finished within the predicted battery life of the
UPS, the operator or machine itself may trigger the stop function of the equipment.
[0227] The automated tattoo machine includes automated and manual diagnostic
function that evaluates if the device is operating nominally. As part of this disclosure, we
present some of the diagnostic function for critical system. This is not construed as
exhaustive and it shall be assumed that each subsystem has its own operational
diagnostic function to verify nominal operation.

[0228] One potential source of malfunction is a disposable malfunction in particular
a needle malfunction, an electrode malfunction or an ink delivery malfunction.

[0229] Needle malfunction may be identified by a change of the galvanic response
of the needle when in contact with the skin, a change in the perceived dot quality by the
machine vision system, by the operator or the client observation or response or by ink
delivery to the skin failure as observed by the machine vision. In case of a needle

malfunction, the machine may trigger an error message and pause the machine and/or
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the operator may trigger a pause. The operator may decide to trigger a stop if a
replacement of the needle is warranted. The client is allowed to disengage from the
machine while the operator diagnose and address the needle malfunction by issuing a
needle replacement. The tattoo process may resume as specified by the stopping
process. If the needle cartridge was replaced, dry dots may need to be resumed from the
start in order to account from the variability of needle sharpness and length which may
affect puncture settings. Note that if dry dots are done a second time, their position with
respect to the tattoo may be shifted slightly in order to avoid puncturing the skin at the
location of previous punctures as this may shift the measurements.

[0230] Electrode malfunctions are identified by the addition of a test electrode or
internal circuitry which purpose is to verify resistance of each electrode connection. In
case of electrode failure, the process of the tattoo may be paused to replace the
electrodes. The or internal circuitry electrode may also be replaced. Electrode contact
resistance may be tested at the beginning and throughout the tattoo process to verify
operation. A stop may or may not be triggered by the operator depending on whether or
not dry punctures need to be reevaluated.

[0231] Ink delivery malfunction may be detected when the ink delivery is too close
to the capacity of the reservoir, if no ink is observed to exit the needle tip or if the dot on
the skin seems to be executed with an inappropriate amount of ink. A pause or stop may
be triggered to refill the reservoir, exchange the ink delivery line or replace the needle
cartridge. In case of no disruption to the tattoo process, a pause may be sufficient. In case
the needle cartridge is replaced, the process specific to needle replacement may be
executed.

[0232] Detected actuation failure may trigger a pause (for transient failure such as
motor overheating), stop, or an emergency stop (for a power or mechanical failure) in
order to protect the client. The operator may decide to resume the process at a later time
and trigger a maintenance flag for the machine.

[0233] In general consideration, any diagnostic error from the machine may trigger
a pause, a stop or an emergency stop, which may be addressed by the operator during

the tattoo session or by a subsequent maintenance. Corrective action (positive or
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negative) may be taken in response to any errors, malfunctions, failures, or other adverse
events such as, but not limited to, those described throughout this application.

[0234] The robotic systems can use a dot database. The number of punctures for
a specific ink dot can be referred to in the dot database. This is the number of times the
needle will touch and puncture the skin at the same location for the purpose of transferring
ink. This number of punctures affects the final size and color intensity of the ink dot. The
tattoo device can pilot the number of punctures performed at a certain position to achieve
various tattoo dot diameter and for varying the color intensity to achieve various area
coverage in the design and for color tone and color gradient with the same ink. The
number of punctures can be varied from 1 to 100 punctures at the same location which
the system algorithm attributes to different tone, gradient and dot size. Puncture number
at a location to vary gradient, tone and dot size. The robotic system can include an ink
quality monitor configured to monitor the ink quality based on, for example, ink viscosity,
optical characteristics of ink (e.g., color intensity, tone, etc.), or the like.

Conclusion

[0235] The construction and arrangement of the elements of the systems and
methods as shown in the embodiments are illustrative only. Although only a few
embodiments of the present disclosure have been described in detail, those skilled in the
art who review this disclosure will readily appreciate that many modifications are possible
(e.g., variations in sizes, dimensions, structures, shapes and proportions of the various
elements, values of parameters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the novel teachings and advantages
of the subject matter recited. For example, elements shown as integrally formed may be
constructed of multiple parts or elements. It should be noted that the elements and/or
assemblies of the apparatus may be constructed from any of a wide variety of materials
that provide sufficient strength or durability to, for example, repeatedly apply tattoos. Any
embodiment or design described herein is not necessarily to be construed as preferred
or advantageous over other embodiments or designs. Accordingly, all such modifications
are intended to be included within the scope of the present inventions. The order or

sequence of any process or method steps, including the steps discussed in connection
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with the algorithms discussed herein may be varied or re-sequenced according to
alternative embodiments. Other substitutions, modifications, changes, and omissions
may be made in the design, operating conditions, and arrangement of the embodiments
without departing from scope of the present disclosure or from the spirit of the appended
claims. For example, the techniques disclosed herein can be used to tattoo different
articles, including articles made of natural materials, synthetic materials, or the like.
[0236] The present disclosure contemplates systems and methods which may be
implemented or controlled by one or more controllers to perform the actions as described
in the disclosure. For example, in some embodiments, the controller, whether part of a
tattooing apparatus or a separate controller, may be configured to process the measured
data from the sensors, perform the recording, appending, or storing of the data (e.g.,
puncture data, ink data, needle data, skin data, etc.) and/or any calculated values within
the different tables or maps described, perform all described and any similarly suitable
algorithms, and control operation of any disclosed parts or components in a manner
necessary or appropriate for proper function, operation, and/or performance of any
disclosed systems or methods. For example, the controllers (e.g., controller 108,
controller 109, etc.) can store data and calculate values based on the stored data.
[0237] The controllers can include machine-readable media and one or more
processors, Programmable Logic Controllers, Distributed Control Systems, secure
processors, memory, and the like. Secure storage may also be implemented as a secure
flash memory, secure serial EEPROM, secure field programmable gate array, or secure
application-specific integrated circuit. Processors can be standard central processing
units or secure processors. Secure processors can be special-purpose processors (e.g.,
reduced instruction set processors) that can withstand sophisticated attacks that attempt
to extract data or programming logic. A secure processor may not have debugging pins
that enable an external debugger to monitor the secure processor's execution or registers.
In other embodiments, the system may employ a secure field programmable gate array,
a smartcard, or other secure devices. Other types of computing devices can also be used.
[0238] Memory can include memory, such as standard memory, secure memory,

or a combination of both memory types. By employing a secure processor and/or secure
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memory, the system can ensure that both data and instructions are highly secure.
Memory can be incorporated into the other components of the controller system and can
store computer-executable or processor-executable instructions, including routines
executed by a programmable computing device. In some embodiments, the memory can
store programs for preset configurations. Stored programs (e.g., tattooing programs,
calibration programs, graphic mapping programs, etc.) can be modified by a subject,
operator, or tattoo artist to provide flexibility. Tattooing programs can be configured for
tattooing animals, articles, goods, or the like. For example, some tattooing programs can
be for tattooing animals (e.g., living humans or farm animals) and other tattooing
programs can be for tattooing articles (e.g., purses, footwear, clothing, automobile seats,
etc.).

[0239] Controllers can be in communication with the components of the tattooing
apparatus via, for example, a direct wired connection, a wireless connection, or a network
connection. The controller 108 of Figure 1B, for example, can be a handheld electronic
device, such as a tablet, smart phone, or the like, and it can include digital electronic
circuitry, firmware, hardware, memory, a computer storage medium, a computer program,
processor(s) (including programmed processors), or the like. In other embodiments, the
controller 108 is a computer (e.g., a tower, a desktop, or a laptop) connected to the
apparatus 100 via a wired or wireless connection. The controller 108, or the controller
109, can be used to modify stencils, as discussed in connection with Figure 3A. The
controller 109 (illustrated schematically in Figure 1B) can include input element in the
form of buttons or a touch screen for individually controlling the apparatus. In one
embodiment, controllers 108 and 109 can include a user interface for inputting, modifying,
and/or controlling any system component or process step described in this disclosure.
[0240] The present disclosure contemplates methods, systems, and program
products on any machine-readable media for accomplishing various operations. The
embodiments of the present disclosure may be implemented using existing computer
processors, or by a special purpose computer processor for an appropriate system,
incorporated for this or another purpose, or by a hardwired system. Embodiments within

the scope of the present disclosure include program products comprising machine-
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readable media for carrying or having machine-executable instructions or data structures
stored thereon. Such machine-readable media can be any available media that can be
accessed by a general purpose or special purpose computer or other machine with a
processor. By way of example, such machine-readable media can comprise RAM, ROM,
EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to carry or store
desired program code in the form of machine-executable instructions or data structures,
and which can be accessed by a general purpose or special purpose computer or other
machine with a processor. When information is transferred or provided over a network or
another communications connection (either hardwired, wireless, or a combination of
hardwired or wireless) to a machine, the machine properly views the connection as a
machine-readable medium. Thus, any such connection is properly termed a machine-
readable medium. Combinations of the above are also included within the scope of
machine-readable media. Machine-executable instructions include, for example,
instructions and data which cause a general purpose computer, special purpose
computer, or special purpose processing machines to perform a certain function or group
of functions.

[0241] The headings provided herein are for convenience only and are not
intended to limit or interpret the scope or meaning of the technology. Although the figures
may show a specific order of method steps, the order of the steps may differ from what is
depicted. Also, two or more steps may be performed concurrently or with partial
concurrence. All such variations are within the scope of the disclosure. Likewise, software
implementations could be accomplished with standard programming techniques with rule
based logic and other logic to accomplish the various measuring steps, calculating steps,
storing steps, calibrating steps, and any other steps for proper coordination and operation
of the systems and methods described above. Aspects of the described technology can
be modified, if necessary, to employ the systems, functions, and concepts of the various
references described above to provide yet further embodiments. For purposes of this
disclosure, the terms customer and subject are interchangeable. Tattoos can be applied

to animals (e.g., skin of mammals, including humans, pigs, cattle, farm animals, etc.),
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articles, natural materials (e.g., leather), synthetic materials, or other tattooable items.
For example, tattoos can be applied to leather goods (e.g., belts, wallets, backpacks, etc.)
using the systems, tattoo apparatus, and methods disclosed herein. In one embodiment,
the tattooing system 90 of Figure 1B can be configured to tattoo a leather boot, bag, or
other article, for example. While the above description details certain embodiments and
describes the best mode contemplated, no matter how detailed, various changes can be
made. Implementation details may vary considerably, while still being encompassed by
the technology disclosed herein. The various aspects and embodiments disclosed herein
are for purposes of illustration and are not intended to be limiting, with the true scope and

spirit being indicated by the following claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A tattoo apparatus for applying a tattoo, comprising:
a tattoo device having at least one needle;
a target site analyzer configured to obtain information about a subject’s skin; and
a controller that executes programming which causes the tattoo apparatus to:
receive the obtained information from the target site analyzer,
generate a protocol for applying at least a portion of a tattoo based on the
received information and a tattoo design, wherein the protocol
includes
puncture data for positioning a tip of at least one needle in a target
layer of the subject’s skin to apply ink, and/or
puncture site data for injecting ink, and
robotically apply, via the tattoo device, the portion of the tattoo according to

the protocol.

2. The tattoo apparatus of claim 1, wherein the target site analyzer includes:

a machine vision device configured to obtain one or more images of a portion of
the subject’s skin, and/or

at least one sensor configured to measure at least one characteristic of the portion

of the subject’s skin.

3. The tattoo apparatus of one of the preceding claims, wherein generating
the protocol includes:
determining a skin position and/or a skin deformation based on the obtained
information, and
generating commands for controlling piercing depth based at least in part on at

least one of the skin position, the skin deformation, or at least one
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characteristic of the portion of skin.

4. The tattoo apparatus of one of the preceding claims, further comprising:

identifying one or more skin changes capable of impacting a visual appearance of
the tattoo to be applied based on the received information, and

generating at least a portion of the protocol based on the identification of the one

or more skin changes.

. The tattoo apparatus of one of the preceding claims, wherein the protocol
is for applying a respective dot at a respective location along the subject’s skin based on

analysis of the subject’s skin at other locations.

6. The tattoo apparatus of one of the preceding claims, wherein the tattoo
design is located on the subject’s skin, wherein the controller determines puncture sites

in relation to the tattoo design.

7. The tattoo apparatus of one of the preceding claims, wherein the tattoo
apparatus is configured to detect an adverse event and to take a corrective action in

response to detecting an adverse event.

8. The tattoo apparatus of claim 7, wherein the adverse event relates to at
least one of. an interruption to tattoo execution, a needle malfunction, an electrode
malfunction, an ink delivery malfunction, a controller malfunction, an actuation failure, a

software malfunction, or a diagnostic error.

9. The tattoo apparatus of claim 7, wherein the corrective action includes

stopping robotic application of the portion of the tattoo.

10. A tattoo apparatus, comprising:

a tattoo device having a needle configured to apply pigment to a subject’s skin;
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a machine vision device configured to obtain one or more images of a portion of
the subject's skin; and
a controller that executes programming which causes the tattoo apparatus to:
receive one or more of the images from the machine vision device,
analyze the received one or more of the images to determine a position of
one or more skin characteristics in relation to a tattoo design, and
robotically apply, via the tattoo device, at least a portion of a tattoo to the

skin based on the one or more skin characteristics.

11. The tattoo apparatus of claim 10, further comprising at least one sensor
that measures at least one characteristic of a portion of a subject’s skin,
wherein the controller executes the programming to further cause the tattoo
apparatus to:
calculate a skin position and/or a skin deformation based on the obtained
one or more images, and
control a piercing depth based at least in part on at least one of skin position,
the skin deformation, or the at least one characteristic of the portion

of skin.

12. The tattoo apparatus as in any one of claims 10-11, wherein the controller
executing the programming further causes the tattoo apparatus to:
identify one or more changes associated with the skin capable of impacting a visual
appearance of the tattoo to be applied, and
compensate for the one or more changes associated with the skin to robotically

apply the at least a portion of the tattoo.
13. The tattoo apparatus of claim 12, wherein the one or more changes include

skin stretch, skin displacement, and skin layers thickness changes, wherein the one or

more skin characteristics includes stenciling applied to the skin.
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14. The tattoo apparatus as in any one of claims 10-13, wherein the controller
executes the programming to reduce one or more differences between a selected tattoo
design and the tattoo applied to the skin by determining puncture sites matching the

selected tattoo design.

15. The tattoo apparatus as in any one of claims 10-14, wherein the controller
executes the programming to
(a) identify one or more of skin stretch, skin movement, an appearance of one or
more dots applied to the skin by the tattoo device, and/or one or more
changes to a stencil corresponding to a selected tattoo design, and
(b) compensate by selecting puncture sites for applying ink based on the
identification at (a) such that the applied tattoo appears to the naked eye

substantially identical to the tattoo design.

16. The tattoo apparatus as in any one of claims 10-15, wherein the controller
includes:
one or more processors; and
memory with instructions stored thereon, which when executed by the one or more
processors, cause the tattoo apparatus to:
apply one or more reference features to the skin,
analyze at least one of the reference features in the received one or more
of the images to evaluate one or more characteristics of the skin to
determine one or more changes in the skin, and
compensate for the one or more changes in the skin to determine puncture

sites for applying the pigment.
17. The tattoo apparatus as in any one of claims 10-16, further comprising at

least one sensor configured to measure information about a puncture operation on the

portion of skin.
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18. The tattoo apparatus as in any one of claims 10-17, wherein the
information about a puncture operation includes at least one of a load applied to the
needle during puncture, an acceleration of the needle, a velocity of the needle, a speed
of the needle, an angular position of the needle, an impedance of contact between the
needle and the skin while in contact with the portion of skin relative to an impedance of

the portion of skin alone, or an amount of vibration.

19. The tattoo apparatus as in any one of claims 10-18, wherein the controller
executing the programming further causes the tattoo apparatus to:
identify one or more changes associated with the skin and/or stenciling, and
compensate for the one or more identified changes to robotically apply the at least
a portion of the tattoo by one or more the following:
(a) determining at least one relationship between the one or more changes
a tattoo design and selecting one or more puncture sites based on
the determined relationships,
(b) selecting one or more puncture sites using characteristics of the skin
with the one or more changes, and/or
(c) generating a virtual tattoo design with corresponding changes such that
the virtual tattoo design simulates how the tattoo would appear on

the skin with the one or more changes.

20. The tattoo apparatus as in any one of claims 10-19, wherein the controller
is programmed to
determine a stenciling protocol based on a selected tattoo;
apply one or more locators to the skin according to the stenciling protocol; and
robotically apply, via the tattoo device, the tattoo using the one or more locators
such that the tattoo applied to the skin is within a threshold deviation of the

selected tattoo.
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21. The tattoo apparatus as in any one of claims 10-20, wherein the controller
is programmed to

(a) receive one or more of additional images from the machine vision device,

(b) analyze the received one or more of additional images of step (a) to
determine one or more puncture sites, and

(c) robotically puncture the skin at the determined one or more puncture sites
to apply using the tattoo device at least a portion of the tattoo associated
with a region of skin captured in the received one or more of the images of
step (b), and

(d) repeat steps (a)-(c) until the tattoo is applied.

22. The tattoo apparatus of claim 21, wherein the repeating of steps (a)-(c) are
performed in relation to sequential regions of a target area of skin to which the tattoo is

to be applied.

23. The tattoo apparatus of claim 21, wherein the controller is programmed to
cause the tattoo apparatus to apply a majority of dots forming the tattoo at locations
determined based on one or more reference features, wherein the one or more reference

features are applied to or naturally present on the skin.

24. The tattoo apparatus of claim 23, wherein the one or more reference

features are temporary dots applied to the skin.

25. The tattoo apparatus as in any one of claims 10-24, wherein the controller
is programmable to cause the tattoo apparatus to robotically apply micro tattoos, dotwork,

blackwork tattoos, realism tattoos, and/or fine-line tattoos.

26. A method for applying a tattoo, the method comprising:
receiving one or more of images of a target site;

analyzing the received one or more of the images; and
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robotically applying at least a portion of a tattoo to the skin based on the analysis

of the received one or more of the images.

27. The method of claim 26, further comprising:

(a) receiving one or more of additional images from a machine vision device,

(b) analyzing the received one or more of additional images of step (a) to
determine dot sites,

(c) robotically applying, via a tattoo device, ink at the dot sites to form at least
a portion of the tattoo associated with a region of skin captured in the
received one or more of the images of step (b), and

(d) repeating steps (a)-(c) until the tattoo is applied.

28. The method as in any one of claims 26-27, further comprising repeating

steps (a)-(c) to sequentially visualize regions of a target area of skin.

29. The method as in any one of claims 26-28, further comprising applying a
majority of dots forming the tattoo at locations determined based on one or more

reference features on the skin.

30. The method as in any one of claims 26-29, further comprising:

applying one or more reference features to the skin,

analyzing at least one of the reference features in the received one or more of the
images to evaluate one or more characteristics of the skin to determine one
of more changes in the skin, and

compensating for the one or more changes in the skin to determine puncture sites

for applying pigment.

31. The method as in any one of claims 26-30, further comprising obtaining
information about a puncture operation on a portion of skin to control delivery of pigment

to the skin.
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32. The method of claim 31, wherein the information about a puncture
operation includes at least one of a load applied to a needle during puncture, an
acceleration of the needle, a velocity of the needle, a speed of the needle, an angular
position of the needle, an impedance of contact between the needle and the skin while in
contact with the portion of skin relative to an impedance of the portion of skin alone, or an

amount of vibration.

33. The method as in any one of claims 26-32, further comprising

determining a stenciling protocol based on a selected tattoo;

applying one or more locators to the skin according to the stenciling protocol; and

robotically applying, via a tattoo device, the tattoo using the one or more locators
such that the tattoo applied to the skin is within a threshold deviation of the

selected tattoo.

34. A non-transitory computer-readable medium carrying instructions, which
when executed by at least one processor, causes the at least one processor to perform
actions comprising:

receiving one or more of images of a target site,
analyzing the received one or more of the images, and
robotically applying at least a portion of a tattoo to a subject’s skin based on the

analysis of the received one or more of the images.

35. The non-transitory computer-readable medium of claim 34, wherein the
actions further comprise:
(a) receiving one or more of additional images from a machine vision device,
(b) analyzing the received one or more of additional images of step (a),
(c) robotically applying, via a tattoo device, at least a portion of the tattoo
associated with a region of skin captured in the received one or more of the
images of step (b), and

(d) repeating steps (a)-(c) until the tattoo is applied.
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36. The non-transitory computer-readable medium of claim 35, wherein the
actions further comprise repeating steps (a)-(c) to sequentially visualize regions of a

target area of skin.

37. The non-transitory computer-readable medium as in any one of claims 34-
36, wherein the actions further comprise applying a majority of dots forming the tattoo at

locations determined based on one or more reference features applied to the skin.

38. The non-transitory computer-readable medium as in any one of claims 34-
37, wherein the actions further comprise:
applying one or more reference features to the skin,
analyzing at least one of the reference features in the received one or more of the
images to evaluate one or more characteristics of the skin to determine one
of more changes in the skin, and
compensating for the one or more changes in the skin to determine puncture sites

for applying pigment.

39. The non-transitory computer-readable medium as in any one of claims 34-
38, wherein the actions further comprise obtaining information about a puncture operation

on a portion of skin to control delivery of pigment to the skin.

40. The non-transitory computer-readable medium as in any one of claims 34-
39, wherein the information about a puncture operation includes at least one of a load
applied to a needle during puncture, an acceleration of the needle, a velocity of the
needle, a speed of the needle, an angular position of the needle, an impedance of contact
between the needle and the skin while in contact with the portion of skin relative to an

impedance of the portion of skin alone, or an amount of vibration.

41. The non-transitory computer-readable medium as in any one of claims 34-

40, wherein the actions further comprise:
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determining a stenciling protocol based on a selected tattoo;
applying one or more locators to the skin according to the stenciling protocol; and
robotically applying, via a tattoo device, the tattoo using the one or more locators

such that the tattoo applied to the skin visually matches the selected tattoo.

42. A tattoo apparatus, comprising:
a tattoo shuttle configured to carry a tattoo needle;
at least one sensor configured to measure at least one characteristic of a portion
of a subject’s skin;
a machine vision device positioned to obtain one or more images of the portion of
skin; and
at least one controller configured to:
calculate a skin position and/or a skin deformation based on the obtained
images, and
control a piercing depth based at least in part on at least one of the skin
position, the skin deformation, or the at least one characteristic of the

portion of skin.

43. The apparatus of claim 42, wherein the needle is disposable.

44, The apparatus as in any one of claims 42-43, wherein the at least one
sensor is configured to measure information about a puncture operation on the portion of

skin.

45, The apparatus of claim 44, wherein the information about a puncture
operation includes at least one of a load applied to a needle during puncture, an
acceleration of the needle, an angular position of the needle, an impedance of contact
between the needle and the skin while in contact with the portion of skin relative to an

impedance of the portion of skin alone, or an amount of vibration.
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46. The apparatus as in any one of claims 42-45, wherein the at least one
characteristic of the portion of skin includes at least one of a skin elasticity, impedance,

or thickness.

47. The apparatus as in any one of claims 42-46, wherein the at least one
controller is configured to detect at least one skin puncture event based at least in part
on a relationship between a force applied to the portion of skin and a depth of a needle in
the skin, wherein the at least one skin puncture event includes a needle-skin contact,
puncture initiation, contacting tissue layer interfaces, needle positioned at maximum

depth and/or the needle exiting the skin.

48. The apparatus as in any one of claims 42-47, wherein the at least one
controller is configured to detect skin puncture events for various needle depths, including
contact, puncture initiation, tissue layer interfaces maximum needle depth and needle
exit, based at least in part on a relationship between a contact impedance variation of the

needle puncturing the skin and a depth of the needle in the skin.

49, The apparatus as in any one of claims 42-48, wherein the skin deformation
is based at least in part on an initial deflection of the portion of skin resulting from a force

applied to the portion of skin.

50. A tattoo device, comprising:

at least one sensor configured to detect at least one characteristic of a portion of
skin, the at least one characteristic of the portion of skin including at least a
skin puncture event; and

a means for controlling a piercing depth based at least in part on the detected

characteristic of the portion of skin.

1. The device of claim 50, wherein the at least one characteristic of the portion

of skin includes at least one of a skin elasticity, impedance, or thickness.
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52. The device as in any one of claims 50-51, wherein the at least one
characteristic of the portion of skin includes one or more of the following:
at least one of a skin elasticity, impedance, or thickness of an epidermal layer of
the skin,
at least one of a skin elasticity, impedance, or thickness of a dermal layer of the
skin, and/or
at least one of a skin elasticity, impedance, or thickness of multiple layers of the

skin.

53. The device as in any one of claims 50-52, wherein the skin puncture event

is an initial contact of a needle with the skin.

54, The device as in any one of claims 50-53, wherein the skin puncture event

is an epidermis puncture initiation.

55. The device as in any one of claims 50-54, wherein the skin puncture event

is @ maximum depth reached by a needle in an epidermal layer.

56. The device as in any one of claims 50-55, wherein the skin puncture event

IS a junction between an epidermal and a dermal layer of the skin.

57. The device as in any one of claims 50-56, wherein the skin puncture event

is a junction between a dermal and a hypodermal layer of the skin.

58. The device as in any one of claims 50-57, wherein the at least one sensor
is configured to detect a depth of a needle at a puncture event based at least in part on a
relationship between a force applied to the portion of skin and the depth of the needle in
the skin.

105



WO 2021/016590 PCT/US2020/043588

59. The device as in any one of claims 50-58, wherein the at least one sensor
is configured to detect a depth of a needle at a puncture event based at least in part on a
relationship between a contact impedance variation of the needle puncturing the skin and

the depth of the needle in the skin.

60. The device as in any one of claims 50-59, wherein the at least one sensor
is further configured to detect an initial deflection of the skin resulting from a force applied

to the portion of skin.

61. A method for robotic tattooing, comprising:

measuring with at least one sensor at least one characteristic of a portion of skin
corresponding to a dot position; and

controlling a piercing depth for the dot position based at least in part on the least

one characteristic of the portion of skin.

62. The method of claim 61, wherein the dot position is one of a plurality of dot

positions, and the method is repeated for each dot position of the plurality of dot positions.

63. The method as in any one of claims 61-62, wherein the dot position is one
of a plurality of dot positions, and the measuring step is repeated for some of the plurality
of dot positions, and wherein the at least one characteristic of a portion of skin for the
remainder of the plurality of dot positions is determined based at least on interpolation

from the at least one characteristic of the portion of skin of the measured dot positions.

64. The method as in any one of claims 61-63, wherein the at least one
characteristic of the portion of skin includes at least one of a skin elasticity, impedance,

or thickness.

65. The method as in any one of claims 61-64, further comprising detecting a

depth of a needle corresponding to a puncture event based at least in part on a
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relationship between a force applied to the portion of skin and the depth of the needle in
the skin.

66. The method as in any one of claims 61-65, further comprising detecting a
depth of a needle corresponding to a puncture event based at least in part on a
relationship between a contact impedance of the needle puncturing the skin and the depth

of the needle in the skin.

67. The method as in any one of claims 61-66, further comprising detecting a
skin deformation of the portion of skin based at least in part on an initial deflection of the

portion of skin resulting from a force applied to the portion of skin.

68. A method for tattooing skin, comprising:

acquiring at least one skin puncture property;

updating a dot parameter table with a machine setting based on the at least one
skin puncture property; and

controlling deposit of a substance in the skin based at least in part on the updated

dot parameter table.

69. The method of claim 68, further comprising applying a stencil comprising a

plurality of dot positions prior to acquiring the at least one skin puncture property.

70. The method as in any one of claims 68-69, wherein the at least one skin

puncture property comprises at least a skin deformation measurement.
71. The method as in any one of claims 68-70, wherein the skin deformation

measurement is based at least in part on a deflection distance of the skin resulting from

a force applied to the skin.
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72. The method as in any one of claims 68-71, wherein the dot parameter table
comprises a plurality of dot positions, and the updating further comprises updating a

machine setting for each of the plurality of dot positions.

73. The method as in any one of claims 68-72, wherein the updating the dot
parameter table step further comprises determining a machine setting based on

interpolation from the at least one skin puncture property.

74. The method as in any one of claims 68-73, wherein the at least one skin

puncture property includes at least one of a skin elasticity, impedance, or thickness.

75. The method as in any one of claims 68-74, further comprising:

detecting a depth of a needle corresponding to a puncture event based at least in
part on a relationship between a force applied to the portion of skin and the
depth of the needle in the skin; and

wherein the controlling deposit of a substance in the skin step is based at least in

part on a depth of a tissue layer interface.

76. The method as in any one of claims 68-75, further comprising selecting
needle extensions, number of punctures, needle tip configuration, and/or number of
needles so as to affect tattoo dot size, aesthetic quality, color saturation, color gradient,

and/or color tone.

77. The method as in any one of claims 68-76, further comprising:

detecting a depth of a needle corresponding to a puncture event based at least in
part on a relationship between a contact impedance variation of the needle
puncturing the skin and the depth of the needle in the skin; and

wherein the controlling deposit of a substance in the skin step is based at least in

part on a depth of a tissue layer interface.
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78. A method for authorizing tattooing, the method comprising:

receiving a user’s selection of at least one tattoo design at a location; and

sending authorization data for the user’s selection to at least one robotic tattooing
apparatus, wherein the authorization data can include a token or credit for

applying the selected tattoo design to the user.

79. The method of claim 78, further comprising providing an online tattoo

marketplace for browsing and selecting the tattoo design through a mobile application.

80. The method of claim 79, wherein the browsing and selecting steps are

performed by a user through a computer.

81.  The method of claim 79, wherein the designs available on the online tattoo
marketplace were contributed by at least one of an artist, another user, company, or the

user.

82. The method as in any one of claims 78-81, wherein after receiving the tattoo
of the one or more selected designs from one or more of the at least one robotic tattooing
apparatus, an artist who created at least one of the selected designs receives payment

for each created design that was received as a tattoo.

83. The method as in any one of claims 78-82, wherein the location is a location

remote from an artist who created the design.

84. A method for applying a tattoo, the method comprising:

receiving, via an online tattoo marketplace for tattoo designs, a user’s selection of
a tattoo design; and

sending data to enable an automatic tattooing apparatus to robotically apply the

selected tattoo design to the user.
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85. The method of claim 84, wherein the online tattoo marketplace allows, via
a mobile application, browsing of the tattoo designs and selection of the tattoo design to

be applied.

86. The method of claim 84, wherein the tattoo designs available on the online

tattoo marketplace were contributed by an artist, another user, company, and/or the user.

87. The method of claim 84, further comprising providing payment to an artist

who created the selected design.

88. A method for applying a tattoo, comprising:

receiving data associated with a tattoo design selected by a subject;

analyzing an area of the subject using an automatic tattooing apparatus; and
robotically applying a tattoo to the area using the automatic tattooing apparatus

based on the analysis of the area and the selected tattoo design.

89.  The method of claim 88, further comprising generating tattooing instructions
for the automatic tattooing apparatus based on the selected tattoo design and the analysis

of the area.

90. The method as in any one of claims 88-89, wherein the selection of the
tattoo design is via an online tattoo marketplace that allows browsing of tattoo designs

and selecting of the tattoo design via a mobile application or a web browser.
91. The method of claim 90, wherein the tattoo designs available on the online

tattoo marketplace are contributed by at least one of an artist, another user, company, or

the subject.
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92. The method as in any one of claims 88-91, further comprising providing
payment to an artist who created the selected tattoo design, wherein the payment is a

commission or royalty-based payment.

93. The method as in any one of claims 88-92, further comprising selecting
needle extension, number of needle punctures, needle tip configuration, and/or number
of needles to affect tattoo dot size, aesthetic quality, color saturation, color gradient,

and/or color tone.

94. A method, comprising:

receiving a user’s selection of a tattoo design; and

sending authorization data for the user’s selection, wherein an automatic tattooing
apparatus uses the authorization data to determine whether to robotically

apply a tattoo.

95. The method of claim 94, wherein the authorization data is sent to the user’s

computing device, the automatic tattooing apparatus, or both.

96. The method as in any one of claims 94-95, wherein the authorization data

includes a token for applying the selected tattoo design.

97. The method as in any one of claims 94-96, further comprising managing an
online tattoo marketplace that allows browsing of tattoo designs and selecting of the tattoo

design.

98. Atattoo apparatus comprising:

a tattoo device including an image capture device configured to obtain image data,
wherein the tattoo device robotically applies a tattoo to a subject based on
the obtained image data; and

a suction system configured to remove a substance on the subject’s skin, wherein
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the substance includes at least one of ink or lubricant.

99. The tattoo apparatus of claim 98, wherein the suction system is positioned
to remove the substance from an area of the subject’s skin to be analyzed by the tattoo

apparatus in order to apply at least a portion of the tattoo.

100. The tattoo apparatus as in any one of claims 98-99, wherein the image
capture device is a machine vision system, wherein the obtained image data includes still

images and/or video.

101. The tattoo apparatus as in any one of claims 98-100, wherein the tattoo

apparatus is a portable handheld tattooing device.

102. The tattoo apparatus as in any one of claims 98-101, wherein the tattoo
apparatus includes a machine vision system configured to capture images representing

color saturation, color gradient, and/or color tone.

103. A tattoo apparatus comprising an ink delivery system configured to provide

iNnk to a needle during a tattooing process.
104. The tattoo apparatus of claim 103, wherein the ink delivery system
automatically provides ink based on at least one sensing system determining a necessary

amount of ink needed to proceed with the tattoo process.

105. The tattoo apparatus of claim 103, wherein the ink delivery system is

manually operated.

106. The tattoo apparatus of claim 103, wherein the tattoo apparatus is

disposable.
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107. The tattoo apparatus of claim 103, wherein the tattoo apparatus has at least

one single-use component configured to ensure single use of the tattoo apparatus.

108. The tattoo apparatus of claim 103, wherein the at least one single-use

component is a preprogrammed controller.

109. The tattoo apparatus of claim 103, further comprising an ink quality monitor.

110. A system for applying a tattoo comprising:
an automatic tattoo apparatus configured to:
receive data from an online marketplace corresponding to a tattoo design
to be applied, wherein the online marketplace enables users to
upload and download tattoo designs; and
convert the received data to a tattoo protocol, wherein the tattoo protocol is
executed by the automatic tattoo apparatus to robotically apply a

tattoo corresponding to the tattoo design to be applied.

111. The system of claim 110, wherein the online marketplace is configured to
accept a payment prior to downloading a tattoo design available on said online
marketplace, and wherein the payment is designated to be distributed to a user who

uploaded said downloaded tattoo design.

112. The system as in any one of claims 110-111, wherein the data from the online
marketplace corresponding to the tattoo design is received by the automatic tattooing

apparatus after receiving payment.

113. The system as in any one of claims 110-112, wherein the data from the online
marketplace corresponding to the tattoo design is utilized by the automatic tattoo
apparatus during robotic application of the tattoo design at least in part by being compared

to data measured from a surface during the tattooing process.
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114. A tattoo apparatus for applying a tattoo, comprising:
a tattoo device having at least one needle;
a target site analyzer configured to obtain skin puncture data for one or more sites
along the subject’s skin; and
a controller that executes programming which causes the controller to:
receive the obtained information from the target site analyzer,
determine one or more puncture parameters based on the skin puncture
data, and
control to the tattoo device according to the puncture parameters to
positioning a tip of the at least one needle at a target location within

the subject’s skin deformed by the at least one needle.

115. The tattoo apparatus of claim 114, wherein determining the one or more
puncture parameters includes
analyzing the skin puncture data to determine the position of a tip of the at least
one needle within the deformed skin, and
wherein one or more puncture parameters are displacements of the at least one
needle to position the tip of the at least one needle at the target location at

a tattooing site proximate to the one or more sites.

116. The tattoo apparatus as in any one of claims 114-115, wherein the target

location is the dermal layer of the skin.

117. The tattoo apparatus as in any one of claims 114-116, wherein determining
the one or more puncture parameters includes
analyzing the skin puncture data to identify one or more of the following:
the tip of at least one needle coming into contact with surface of the skin,
the tip of the at least one needle entering a layer of the skin,
the tip of the at least one needle being positioned within a layer of the skin,

and/or
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the tip of the at least one needle passing across an interface between

adjacent layers of the skin.

118. The tattoo apparatus as in claim 117, wherein the layers of skin include the

epidermis, dermis and hypodermis.

119. The tattoo apparatus as in any one of claims 114-118, wherein the controller
executes the programming to determine the position of the at least one needle in the

subject’s tissue based on galvanic sensor data from a sensor.

120. The tattoo apparatus as in any one of claims 114-119, wherein the one or
more sites along the subject’s skin are interrogation sites, wherein the controller stores

location information for each of the interrogation sites.

121. The tattoo apparatus as in any one of claims 114-120, wherein the one or

more sites along the subject’s skin are tattoo dot sites.

122. The tattoo apparatus as in any one of claims 114-121, wherein the skin
puncture data includes puncture data collected when skin is deformed by the at least one

needle.

123. A method for pre-visualization of a tattoo design on a subject's body part,
the method comprising:
receiving one or more of images of a target site;
analyzing the received one or more of the images;
overlaying one or more images of the tattoo design on one or more images of the
target site; and

displaying one or more images of the target site on a display device.
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124. The method of claim 123, wherein one or more images are collected via at
least one of

a machine vision device,

a still-image camera,

a video camera, or

an augmented reality system.

125. The method as in any one of claims 123-124, further comprising a machine

vision system used to identify the target site on the received one or more images.

126. The method of claims as in any one of claims 123-125, wherein the display
device is at least one of a

display screen,

an interactive display device,

a touchscreen, or

augmented reality googles.

127. The method of claims as in any one of claims 123-126, further comprising:

generating simulated images of the tattoo design;

overlaying simulated images of the tattoo design on the identified target site in the
one or more received images; and

generating simulated images of the target site showing the tattoo design on the

subject's body part.

128. The method of claims as in any one of claims 123-127, further comprising

a display mechanism to display the simulated images of the target site.

129. The method of claims as in any one of claims 123-128, further comprising

receiving a user input via a user interface;
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generating operations to modify a tattoo design based on the received user input;
and
modifying the appearance of the tattoo design on the simulated images of the

target site.

130. The method as in any one of claims 123-129, wherein the user interface is

at least one of an interactive display, a touchpad, a touch screen, a keyboard, or a mouse.

131. The method as in any one of claims 123-130, wherein the modification of

the tattoo design includes translating, resizing, rotating, and/or stretching.

132. A controller programmed to cause a tattoo apparatus to apply dots for a
tattoo at locations determined based on one or more features naturally present on a

subject’s skin.
133. A controller programmed to cause a tattoo apparatus to apply dots for a

tattoo at locations determined based on one or more temporary dots applied to a subject’s

skin.

117



WO 2021/016590 PCT/US2020/043588

1/22

70 \/ﬁ@%\/ 72

FIG. 1A



PCT/US2020/043588

WO 2021/016590

2122

101

FIG. 1B



WO 2021/016590 PCT/US2020/043588

3/22

13
112 111
115
110 130
107
140
106

FIG. 2



WO 2021/016590

2
[
(e

PCT/US2020/043588

4/22

Start

Skin is shaved ~
and cleaned / 301

/ Stencil

C

N
N
N\

Tattoo machine
pregparation

oYa
Apply fubricant / \3\.}4

- . . . A
Tattoo machine calibration 3\)()

Position tatioo
machine

Position
confirmation

/

307

Skin puncture properties acquisition

Tattocoing process

Machine
removal

308

Dressing tattoo

Machine
cieaning

End

‘NS
NN




WO 2021/016590

5/22

PCT/US2020/043588

310 Skin puncture
property acguisition

Test position
table 1ton

315

Go to posidon |

Run a puncture train

Analyze Puncture sensing

Machine setting
for positioni

Apnend machine settings for
position i

While i<n, fterate =i+l

Dot parameter
table

316

interpolate machine settings
on aif dots positions

End

¢ FIG. 3B

Start; =1

Window
position table

\

{1tom}

Go to window |

Raw image
database

Acquire image of stencil

Stencil reference
image

Calculate position and
deformation field

Design

Evaluate kpositions where
tattoo dots are to be placed

Dot parameter
table

Tattoo all k dots in the window

While i<m, iterate i=i+l

2y
&L

323

325

326

4

FIG. 3C



WO 2021/016590

6/22

330

332

Receive information
about skin

A 4 333

Generate protocol for
applying tattoo
A 4 334
Robotically applying tattoo

FIG. 4

PCT/US2020/043588



WO 2021/016590 PCT/US2020/043588

7/22

>

*8n0

[(ZXX)
X000 ERRO MR

POOBMRRLOGRERDOG
LIXY)

RO BER OB RIDOIB N D
[3
BOFRRDOERDOGRDOOGR DD
BEROP KVABEHVIE VOOBHD

tattoo dot | EE«EE
on design 5;%3;
344q
Digital Representation
FIG. bA
. 338b
- o ~ —
s 346 —_—
340k —
\ T
L
| 3 s
;o TN\
I IR
[ i
St

\

FI1G. 5B



WO 2021/016590

8/22

[N ]
8@
@ @
®®
e !
-]

8B

338b
Image from image Capiure Device
FlG. 6A
341k
X§ 347b
346 ;
§ 345b
A \d?\ﬁlf\‘;?“;bl@i & D% e o9
vo BewiteltoeiltY #mﬁ#i’*
i '1@‘\‘*#%?; Sfes L %0 0se
, ® S Ne ) $e @,g:rMﬁ'#\ﬁ &%Hp—
g t@#pﬁ N mﬁﬁﬁ*’ﬁf -9
egtepdes ) 0 g g o ;
tattoo dot]
(and its coordinates
on skin) 338k

344k

Machine Vision Algorithm

FIG. 6B

PCT/US2020/043588



WO 2021/016590 PCT/US2020/043588

9/22
357 L
358
/ Raw images /
381
Stiteh image over Window |
382
Glare removal and
preprocessing
383
Skin color identification
364
Masking irrelevant features
385
Detection of fiducial
markers
386
Deformation analysis
387
Position analysis

|
Skin deformation field and
S Error message
absolute positioning

FIG. 7




PCT/US2020/043588

WO 2021/016590

10/22

[
O

>, Vs

£

M.\\xs\i:«...‘.‘\\\\%}\.\...

o
Lo
~

k3

404

FI1G. 8



WO 2021/016590 PCT/US2020/043588

11/22

500

530

540

FIG. 9



WO 2021/016590 PCT/US2020/043588

12/22

654

£ &

FIG. 10A FIG. 108



WO 2021/016590 PCT/US2020/043588

13/22

730 740 731 740

A
N Ay 721 .

.

@ ® e 7 o @ ® —
22 740

%/ 71

A

730 730

Rejected Stencil Approved Stenci

FIG. 11A FIG. 11B

Missing loction information

withir tattes region non critical region
Reapply stencil Proceead with tatt

imited missing location

v

Proceed with tattoc

* x ® % % X X % % ® © © © © 0 ©
* % %X %X % X X £ % % ® © © © 0 ©

® 6 06 0 0 0 0 0 0 O & & & & ¥
@ ® * % X K X % £ £ K K & & O O
3 3 3 % 8 5 8 8 & & ® 5 ©

@ & 5 5 8 5 85 8f6 & &
© 2 & 8 6 66 6 6 & of
2 2 & 8 8 8 8 8f6 & W
6 0 6 6 6 o/ 0o o o of %

2 8 8 8 grntediont
2 2 8 5 U5 BN

e 8 8 o drveg

o 2 0 0 o g

o o 06 o ofo o o g
© o o o of oI Y

©o o 6 0o o o o o i
R EEREEERY -
a8 8 8 sgEE

s o 8 8 sfp

0 8 8 o gEtentund

° o & 5 % 8%

2 o o o drmrag

©o 0o 0o o o g

o o o o of o ¥ N

®
.4
*
*
®
(3
13
[

3 3 3 % sz

Rejected Stenci Approved Stencil

FI1G. 11C FiG. 11D



-
/

AY

WO 2021/016590 PCT/US2020/043588

14/22
Neecdlis
deflection max. extension total depth of ink
deposition
Epidermis ﬁ z;:ﬁ
Dermis ----------i--------~ .
Hypodearmis
@ First Contact @ Puncture Initiation @ Ultimate Needle @ Needle Exit

Position

FIG. 12A

(Volt)

Below skin

Skin
Surfcce

0 Volts

Above skin

>
ady
/ t {Time)

dV

“““““““ TR o \] eaaxnenenas Noedie BExXtension

FIG. 12B



WO 2021/016590

808

818

Tattoo data
& pictures

PCT/US2020/043588
15/22
818
Parameter space

identification

811
/— Data coliection

812

Dot scoring

I
813 [ | 314
Analytics-based Al-based

prediction method

predictive method

8158

Puncture settings
prediction

F1G. 13



WO 2021/016590 PCT/US2020/043588

16/22

904

908
\\ Pedal safety
' switch
914
Personal computer
or tablet runnir Computing and
¢ rLfmm]g puting . Handheld Unit
the control controller unit
software
913 912 900

Skin Electrodes

assembly

915

FIG. 15



WO 2021/016590

1005~

17/22

1004

PCT/US2020/043588

1001



WO 2021/016590

{i} dry stage

start

1

C

locatedry
markeri

setneedieextensionto
defaultsetting

marker and adjust
the applied force/

aligndevicewiththe |,

run puncture trainand
collectsensor data

:

transmitsensordata

1315

1316

18/22

Front £nd Solware

interpolate previously
collected data to idenify
se¥d ngs forwetdot)

PCT/US2020/043588

{il} wet stage

start

i

locatewetmarker;

)

setpuncture andneedie

1318

1317

analyzesensordata,

whilei<n,
iteratei=i+1

end

determine puncture
seld ngs forthelocalfon

FIG. 17

extension parameters

:

aligndevicewiththe /
\, marker and adjust ,
the applied force/

Y, Pushtrigger /

3

run puncture train
and collectsensordata

"~ whilej<n,
teratej=j+1 o

end




WO 2021/016590

PCT/US2020/043588

19/22

a®
s
.

FIG. 18B

1106

\ &

QO

Q



WO 2021/016590 PCT/US2020/043588
20/22
1208
1210
Art guidelines to artists
1211
/ Received art / image /
1212
Initial art conversion
1213
Art preprocessing
1214
Art analysis
[
1215 [ ] 1218
Dot-based tattoo design : :
generation Design reduction
1216 1219
Tattoo design : :
postprocessing Lattice generation
1217 1220
Tattoo metadata : . :
generation Lattice verification

[ |
1221

Tattoo file generation

FIG. 19



PCT/US2020/043588

WO 2021/016590

21/22

0C DIA

1Nd1NO/1NdNI

- Q0¥l

SLIN3INOdNOD
d3H10
ANV SINJLSAS-dNS

0Lyl

L— Lyl

AHOWIN
- 90v1
\
ZZrl TN  AV1dSIQ
0ZrL ~ N  1lNdlNo
8Lyl 7T —{ SS300¥d Y\
9l¥l ~ N 3SVvavivd
vyl T N LNdNI
)
¥0SS300dd
- y0v1

8¢l

SIVNOIS
1Nd1lno

ocvl
V1ivd 3ovinI

/SONIAV3A
dOSN3S

yevl

1NdNI
dO1vd3adO

\-Zovl

oovl



WO 2021/016590 PCT/US2020/043588

22/22

1500
1570
1520 1800
1594 1502 1540
() 1580
— 1584 1582
104
1602
1620 L— |
1620 1583
Network
1510 16820 1560
\\V 1621
1550
30

FIG. 21



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/43588

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  GO06K 9/00 (2020.01)

CPC - AB1M 37/0076, A61B 18/203, A61B 90/361, A61B 34/30

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2008/0247637 A1 (Gildenberg) 09 October 2008 (09.10.2008) entire document (especially | 1-3, 10-13, 26, 34, 42-45,
para [0027]-[0029), [0032}-{0040], [0048]-[0049], (0060]) 50-52, 98-100, 103-109,

114-116, and 123-125
o 27-28, 35-37, 61-63, 68-
Y 70, 78-82, 84-91, 94-96,
110-112, 132-133

Y US 2013/0046324 A1 (Williams) 21 February 2013 (21.02.2013) entire document (especially
para [0052]-[0056]), [0060], {0065}, [0078], (0082], [0097]). 27-28, 35-37, 61-63, 68-
70, and 132-133
Y US 2012/0040314 A1 (Rubino) 16 February 2012 (16.02.2012) entire document (especially
para [0052}-[0056], (0078], [0082)). 78-82, 84-91,94-96, 110
-112
A US 2018/0177992 A1 (Smith) 28 June 2018 (28.06.2018) entire document 1-3, 10-13, 26-28, 34-37,
42-45, 50-52, 61-63, 68-
70, 78-82, 84-91, 94-96,
98-100, 103-112, 114-
116, 123-125, and 132-
133
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L”  document which maz throw doubts on priority claim(s) or which “Y™ document of particular relevance; the claimed invention cannot
is cited to establish tl eﬁ)ubhcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0" documentreferring toan oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P" document published prior to the international filing date but later than “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
28 September 2020 (28.09.2020) 3 O 0 C T 2020

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee Young

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/43588

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 4-9, 14-25, 29-33, 38-41, 46-49, 53-60, , 64-67, 71-77, 83, 92-93, 97, 101-102, 113, 117-
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this international application, as follows:

l. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - wo-search-report
	Page 143 - wo-search-report

