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DESCRIPTION

Field of the Invention

[0001] The present application relates generally to automated procedures and more
particularly to methods and systems for displaying and modifying a parameter of an automated
procedure, such as a hair transplantation procedure, using imaging and processing
techniques.

Background of the Invention

[0002] There are various medical and cosmetic procedures that may be performed now using
various degrees of automation often at a high speed, in some instances using hand-held
automated tools, in other instances utilizing automated systems that may include robotic arms,
for example. In such procedures, in order to ensure that the automated procedures provide the
results desired, user input may be required from time to time. These procedures include, for
example, automated hair removal using lasers of varying intensities and wavelengths, or tattoo
removal using lasers, including lasers of varying intensities and wavelengths, as disclosed for
example in the commonly assigned U.S. Patent Publication No. 2008/0247637.

[0003] Another such procedure is a hair transplantation procedure. Hair transplantation
procedures typically involve harvesting hair grafts from a donor area, for example, the patient's
scalp, and implanting them in a recipient or bald area. Automated hair transplantation systems
utilizing a robot, including a robotic arm and a hair follicle tool associated with the robotic arm
are disclosed, for example, in U.S. Patent No. 6,585,746 which describes an automated hair
transplantation system utilizing a robot, including a robotic arm and a hair follicle introducer
associated with the robotic arm. This system can be used to harvest follicular units from a
donor area or implant follicular units into a recipient area with computer assistance. US
2007/0106306 is considered to be the closest prior art.

Summary of the Invention

[0004] The invention is described in claims 1, 13, 22 and 27. Preferred embodiments are
described in the dependent claims. In accordance with one general aspect, the present
application discloses systems and methods that could be used to analyze and modify, if
needed, one or more parameters of the automated procedure. In some embodiments, a
method for determining a need to modify a parameter of an at least partially automated
procedure is provided. The method comprises providing a real-time image of a surface having
an at least partially automated procedure performed thereon and also providing at least one
snapshot of the surface, the snapshot identifying or allowing to identify a parameter of the
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automated procedure. The method further comprises determining the need to modify the same
or a different parameter of the automated procedure to improve results of the procedure. The
method may further comprise modifying the identified parameter or a different parameter. For
example, the same or a different parameter may be modified if a value of the parameter in the
snapshot suggests that a change is required or desirable, for example, the value of the
parameter falls outside an acceptable limit or a range, or is otherwise not advantageous. In
some embodiments the value of the parameter may be modified or adjusted by a user, in other
embodiments, the modification may be performed automatically. The method may comprise
displaying the real-time image and/or the least one snapshot of the surface. The method may
comprise providing a modification interface that allows a user to modify one or more
parameters of the automated procedure. The above method may be implemented, for
example, in a hair harvesting or hair implantation procedure, or in an automated tattoo removal
procedure, various ablation procedures, cosmetic injection procedures, ophthalmic
procedures, treating various dermatological conditions, or any other procedure that could
benefit from the inventions described herein.

[0005] According to certain embodiments, a method for modifying a parameter of an at least
partially automated procedure, for example hair transplantation procedure, is provided. The
method comprising (in reference to hair transplantation example) providing a real-time image
of a body surface having an at least partially automated hair transplantation procedure
performed thereon; providing at least one snapshot of the body surface, the at least one
snapshot allowing to identify whether a criterion associated with the at least partially automated
procedure is met; and modifying at least one parameter associated with the at least partially
automated procedure if the criterion is not met. For example, with reference to hair harvesting,
the at least one parameter may be modified to improve hair follicle dissection.

[0006] According to another aspect, the present application provides a method for
determining a need to modify a parameter of an automated procedure. The method
comprising providing a snapshot of a body surface, the snapshot displaying, for example, an
indication of a maximum depth or angle of penetration of a tool (e.g., hair transplantation tool)
with respect to the body or tissue surface. The method further comprises allowing for
comparison of the displayed indication of depth or angle of penetration (or insertion) against an
intended value of depth or angle of penetration/insertion and based on the comparison for
determination of whether an adjustment of the depth or the angle of insertion is required.

[0007] According to yet another aspect, a method is provided for automatically or semi-
automatically modifying (or determining the need to modify) a tool approach angle or a tool
penetration depth in an at least partially automated procedure, for example, a procedure on a
patient's body. The method comprises providing or processing information to enable
modification of the tool approach angle or the tool penetration depth, if certain conditions are
met.

[0008] According to a further aspect, the present application provides an apparatus or a
system comprising a processor configured or designed to perform one or more of the inventive
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methods. The system may also comprise a memory adapted to store, at least temporarily, at
least one image. In certain embodiments, the system further comprises an interface adapted to
receive one or more images, for example, of a body surface where procedure is performed, for
example, from which follicular units are being harvested and/or where hair grafts are to be or
being implanted. In certain embodiments, the system may further comprise an image
acquisition device, while in other embodiments the system may be a part of a robotic system,
such as robotic system for hair transplantation.

[0009] According to a still further aspect, there is provided a method for orienting a tool for
transplanting follicular units, comprising: choosing a minimum approach angle of a tool based
at least in part on an average or mean emergence angle of a plurality of follicular units in an
area,; determining an emergence angle of a follicular unit of interest; comparing the emergence
angle of the follicular unit of interest with the minimum approach angle of the tool; and
determining orientation of the tool based on a result of the comparison of the emergence angle
of the follicular unit of interest with the minimum approach angle of the tool. The method may
further comprise orienting the tool based on the result of the comparison of the emergence
angle of the follicular unit of interest with the minimum approach angle of the tool.

[0010] In still another aspect, the present application provides machine-readable media on
which are provided program instructions for performing one or more of inventive processes or
methods described herein.

[0011] Other and further objects, features and advantages of the invention will become
apparent from the following detailed description when read in view of the accompanying
figures.

Brief Description of the Drawings

[0012] It should be noted that the drawings are not to scale and are intended only as an aid in
conjunction with the explanations in the following detailed description. In the drawings, identical
reference numbers identify similar elements or acts. The sizes and relative positions of
elements in the drawings are not necessarily drawn to scale. For example, the shapes of
various elements and angles are not drawn to scale, and some of these elements are
arbitrarily enlarged and positioned to improve drawing legibility. Further, the particular shapes
of the elements as drawn, are not intended to convey any information regarding the actual
shape of the particular elements, and have been solely selected for ease of recognition in the
drawings. Features and advantages of the present invention will become appreciated as the
same become better understood with reference to the specification, claims, and appended
drawings wherein:

Figure 1 is a schematic representation of an example of a robotic system that could be
implemented in various embodiments of the inventions described herein.
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Figures 2a and 2b are examples of punches or needles that could be utilized in various
embodiments of the inventions described herein.

Figure 2c illustrates schematically an enlarged portion of a needle or punch with band
markings.

Figure 2d is an example of a supplemental image that may be incorporated into the user
interface or display.

Figure 2e is an example of a portion of a user interface that may be incorporated into the user
display.

Figure 3 is an example of a screen shot of a user display, which could be used to implement
various embodiments of the invention.

Figure 4 is a block diagram illustrating an example of a general methodology according to one
aspect of the invention.

Figure 5 is an example of the graph representing one embodiment of the methodology for
determining angle clamps for the representative emergence angles of follicular units.

Figure 6 is an example of the method for modifying the graph of Figure 5.

Detailed Description of the Preferred Embodiments

[0013] In the following Detailed Description, reference is made to the accompanying drawings
that show by way of illustration some examples of embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized and structural or
logical changes may be made without departing from the scope of the present invention. In this
regard, directional terminology, such as "outer”, "inner", "higher", "lower", "first", "second" etc.,
are used with reference to the orientation of the Figure(s) being described. Because
components or embodiments of the present invention can be positioned or operated in a
number of different orientations, the directional terminology is used for purposes of illustration
and is in no way limiting. The following description, therefore, is not to be taken in a limiting
sense, and the scope of the present invention is defined by the appended claims.

[0014] The term "tool", "harvesting tool" or "implantation tool", as used herein in reference to
hair transplantation, refers to any number of tools or end effectors that are capable of creating
implantation sites, dissecting, harvesting or implanting follicular units ("FUs") from a body
surface. Such tools may have many different forms and configurations. In many embodiments,
the tool comprises a hollow tubular shaft and thus may be labeled, for example, a cannula, a
needle, or a punch. The distal ends of such tools (for example, punches, coring devices,
cutting and/or trimming devices, needles), are typically sharpened, to various degrees, to
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assist in creating implantation sites or harvesting or implanting the follicular unit. Other tools
applicable for alternative procedures that could benefit from the inventions of the present
application may comprise, for example, lasers, or tattoo removal tools, surgical scalpels,
forceps, hemostats, surgical instruments, retractors, electrosurgical tools, radiofrequency
ablation tools, suturing devices, eye speculum, or drills.

[0015] Embodiments of the methods of the present invention may be implemented using
computer software, firmware or hardware. Various programming languages and operating
systems may be used to implement the inventions described herein.

[0016] It should be understood that various inventive concepts described herein may be
applied to a variety of procedures and applications. For convenience of description, the
following description will be discussed by example in reference to hair transplantation
procedures. Hair transplantation procedures that are carried out using automated (including
robotic) systems or computer-controlled systems have been described, for example, in the
commonly assigned Publication No. US 2007/0106306. Robotic hair transplantation systems
generally require accurate positioning of a tool under robotic control. When implementing a
semi-automated or a fully automated procedure it is likely that modification to certain
parameters may be required. According to one aspect disclosed herein, the present application
provides methodology that enables modifications to be made to the value of parameters, for
example parameters associated with the hair transplantation procedure, such that the
modifications may be made easily, and without necessarily interrupting the procedure itself.

[0017] One of the benefits of an automated hair transplantation system is to substantially
reduce the time of the procedure while performing hundreds of repetitive and tedious steps
associated with hair harvesting and/or hair implantation procedures. One of the consequences
of using an automated hair transplantation system, however, is that the speed at which the
automated hair transplantation process occurs may be too fast for the doctor who directs the
automated system to easily observe its operation, discern certain parameters, and make any
necessary adjustments of the parameters of harvesting or implantation process. Since skin
tension, or hair follicles' density, thickness, and many other parameters may vary from patient
to patient, and even within different areas of the scalp of the same patient, the surgeon's input
is required, for example, to adjust the depth or the angle of the insertion of the tool, to ensure
the transplantation is successful (e.g., the follicular units are harvested without transecting or
otherwise damaging them). The automated systems may be operating so quickly that unless
the doctor is willing to temporarily halt the procedure, he may not be able to tell if any
adjustment to the process is required, before it is too late, and the procedure has been
completed or is well under way. With an example of a hair transplantation procedure, in
addition to the system requirements and considerations, consideration of various aspects of
the patient involved also have to be dealt with. For example, all body surfaces are not as
elastic as others, some may be formed of tissue that is easily penetrated by a harvesting tool,
whereas other tissue may be more difficult to penetrate, even if a similar force is applied over a
similar time period to the surface to puncture the skin. Therefore the need to adjust a
parameter of the hair transplant procedure from one patient to another, or from one portion of
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a donor area to another is to be expected, especially when performed by the automated tools
or robotic systems. Should any adjustment be necessary, typically, a certain amount of time is
often lost when the automated process is interrupted to check to see if adjustment is
necessary, or to actually make the necessary adjustment. If the initial adjustment does not
solve the issue, further interruption will also be required until the problem is solved. The
utilization of automated systems and methods for hair transplantation, therefore create other
issues in their endeavor to improve the speed and efficiency of the automated procedure.

[0018] According to the various embodiments described herein, a variety of systems and
methods have been developed which enable quantitative information to be extracted regarding
the procedure without having to interrupt the procedure. In addition, these systems and
methods serve to provide information on one or more parameters of the procedure, whereby
they may be modified, if required, for example with reference to hair harvesting, to improve the
hair harvesting procedure or the results from such a procedure. In one configuration, for
example, the system allows the user to visually inspect a magnified image of the harvested
hair(s) and based on the inspection, the user may approve or modify one or more parameters
to enhance the system's performance, or the results from such a procedure. In another
configuration, for example, the system may automatically carry out such "visual" inspection of
the "image" of the harvested hair(s) and automatically modify one or more parameters to
enhance the system's performance, or the results from such a procedure. The visual
inspection may be based on the capture of quantitative parameters of previous harvesting or
implantation attempts, such parameters including but not limited to the angle of the tool, the
depth of penetration of the tool, the force applied to the tool during penetration, whether the
dissected follicular unit was retained in the harvesting tool, whether the follicular unit was
transected during the dissection, and/or the rotational speed of the tool. For example, image
processing may be utilized to identify whether a follicular unit was retained in the harvesting
tool. The system may be configured to take a snapshot at an instance when the tool is
retracted from the body surface, and the image processor may be configured or programmed
to check an absence of a follicular unit (if there is cavity in the body surface from which the
follicular unit was removed), or if the follicular unit is still present to some degree. Based on the
finding, the processor may then automatically determine (without input from the user) if any
modification to one or more of the associated parameters is required and automatically instruct
the required modification accordingly, In this manner, the system is able to automatically carry
out a "visual" inspection of the "image" of the harvested hair(s) and automatically modify one or
more parameters to enhance the system's performance. In certain embodiments or
configurations the systems and methods described herein may use a combination of the user
inspection and user input with the automated inspection and automated modification of the
parameters of the relevant procedures. The identification of a value associated with various
parameters, and the modification thereof, enables the user (or the system, or both combined),
for example, to modify the angle at which the tool is inserted into the body surface, the depth to
which it is inserted, the force applied on insertion, the selection of tool size, and/or the
rotational speed of the tool, to thereby minimize damage during the procedures, for example
any damage to the follicular unit being removed, and/or improve the quality of the removed
specimen, preferably preserving its integrity. These systems and methods may also serve to
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reduce the transection rate of follicular units during the dissection process. These systems and
methods can be incorporated into the use of or as part of an automated or semi-automated
system, and/or of part of a computer or robotically controlled system. The modifications
identified above can be carried out in a timely manner to avoid continuous operation under the
undesirable parameters, and they could be performed without having to interrupt or
substantially delay the automated transplantation procedure.

[0019] Although the various examples and embodiments described herein will use follicular
units or hairs for purposes of describing the various aspect of the invention, it should be
apparent that the general understanding of the various concepts discussed can be applied
more broadly to other appropriate applications. It should be understood that although the
methods described herein are especially suited for use with a robotic system for hair
harvesting and/or implanting, they can be applied to other applications. These additional
applications may include, for example, an automated tattoo placement or removal, or an
automated hair removal, various ablation procedures, cosmetic injection procedures,
ophthalmic procedures, treating various dermatological conditions, or any other procedure that
could benefit from the inventions described herein. It should be noted that the examples given
herein are for the purposes of illustration and example only, the description as set forth is not
intended to be exhaustive or limiting.

[0020] Figure 1 is a schematic perspective view of an example of a robotic system 100 for
harvesting and/or implanting follicular units into a body surface, such as the scalp. The system
100 includes a robotic arm 105 to which is coupled a harvesting or implanting tool 110. Various
motors and other movement devices may be incorporated to enable fine movements of an
operating tip of the tool 110 in multiple directions. The robotic system 100 further includes at
least one (and preferably two for stereo vision) image acquisition device 115 which may be
mounted in a fixed position, or coupled (directly or indirectly) to a robotic arm 105 or other
controllable motion device. The operating tip of the tool 110 is shown positioned over a body
surface 120, in this case a part of the patient scalp having hair follicles thereon.

[0021] The processor 125 of Fig. 1 comprises an image processor 130 for processing images
obtained from the image acquisition device 115. The image processor 130 may be a separate
device or it may be incorporated as a part of the processor 125. The processor 125 may also
instruct the various movement devices of the robotic arm 105, including the tool 110, and act,
for example, through a controller 135 as schematically shown in Fig. 1. The controller 135 may
be operatively coupled to the robotic arm and configured to control the motion of the robotic
arm, including the motion based on the images or data acquired by the image acquisition
device. Alternatively, controller 135 may be incorporated as a part of the processor 125, so that
all processing and controls of all movements of all the tools, the robotic arm and any other
moveable parts of the assembly, including those based on the images or data acquired by the
image acquisition device, are concentrated in one place. The system 100 may further comprise
a monitor 140, keyboard 145, and mouse 150. A magnified image of the body surface 120 can
be seen on the imaging display or monitor 140. In addition, the system 100 may comprise
other tools, devices and components useful in harvesting, and/or implantation of the hair
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follicles, or in hair treatment planning. The system further comprises an interface (not shown)
adapted to receive an image data, various parts of the system allow an operator to monitor
conditions and provide instructions, as needed. The processor 125 may interact with the
imaging device 115 via the interface. The interface may include hardware ports, cables, leads,
and other data transmission means, or it may comprise a computer program.

[0022] Some non-limiting examples of an image acquisition device 115 shown in Fig. 1 include
one or more cameras, such as any commercially available cameras. The image acquisition or
imaging device may be held, for example, by a robotic arm, or by any other mechanism or
means. Of course, various image acquisition devices or a combination of several devices could
be used with any of the embodiments of the systems and methods described herein. The
image acquisition device 115 may comprise a device that takes still images, it can also
comprise a device capable of real time imaging (e.g., webcam capable of continuously
streaming real time information), and/or it could also have a video recording capability (such as
a camcorder). While stereo or multi-view imaging devices are very useful in the present
invention, it is not necessary to employ such geometries or configurations, and the present
invention is not so limited. Likewise, although it is preferred that the image acquisition device
be a digital device, it is not necessary. For example, the image acquisition device could be an
analog TV camera that acquires an initial image which is then processed into a digital image
(for example, via an analog-to-digital device like a commercial-off-the-shelf frame grabber) for
further use in the method of the present invention. The image acquisition device may be
coupled to a processing system 125, shown incorporated in the image processor 130 in Fig. 1,
to control the imaging operation and process image data.

[0023] Typically, the processor 125 operates as a data processing device, for example, it may
be incorporated into a computer. The processor 125 may include a central processing unit or
parallel processor, and input/output interface, a memory with a program, wherein all the
components may be connected by a bus. Further, the computer may include an input device, a
display, and may also include one or more secondary storage devices. The bus may be
internal to the computer and may include an adapter for receiving a keyboard or input device
or may include external connections.

[0024] The processor 125 may execute a program that may be configured to include
predetermined operations. The processor may access the memory in which may be stored at
least one sequence of code instructions comprising the program for performing predetermined
operations. The memory and the program may be located within the computer or may be
located external thereto. By way of example, and not limitation, a suitable image processor 130
may be a digital processing system which includes one or more processors or other type of
device. For example, a processor and/or an image processor may be a controller or any type
of personal computer ("PC"). Alternatively, the processor may comprise an Application Specific
Integrated Circuit (ASIC) or Field Programmable Gate Array (FPGA). It will be understood by
those of ordinary skill in the art that the processor and/or the image processor for use with the
present invention is programmed and configured to perform various known image processing
techniques, for example, segmentation, edge detection, object recognition and selection.
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These techniques are generally known and do not need to be separately described here. The
methods described herein may be implemented on various general or specific purpose
computing systems. In certain embodiments, the methods of the present application may be
implemented on a specifically configured personal computer or workstation. In other
embodiments, the methods may be implemented on a general-purpose workstation, including
one connected to a network. Alternatively or additionally, the methods of the invention may be,
at least partially, implemented on a card for a network device or a general-purpose computing
device. The processor/image processor may also include memory, storage devices, and other
components generally known in the art and, therefore, they do not need to be described in
detail here. The image processor could be used in conjunction with various manual, partially
automated and fully automated (including robotic) hair transplantation systems and devices,
including but not limited to systems for hair harvesting, or hair transplantation.

[0025] The imaging display device 140 may comprise a high resolution computer monitor
which may optionally be a touch screen. The imaging display may allow images, such as video
or still images, to be readable and for follicular units, and parts thereof, to be visualized.
Alternatively, the imaging display device 140 can be other touch sensitive devices, including
tablet, pocket PC, and other plasma screens. The touch screen may be used to modify the
parameters of the hair transplantation procedure, directly through the image display device.

[0026] Methods, apparatus and systems consistent with the invention may be carried out by
providing a modification interface, or user modification interface, including clickable icons,
selection buttons in a menu, dialog box, or a roll-down window of an interface that may be
provided to feed into the computer. According to another embodiment, the imaging display
device 140 may display the selection window and a stylus or keyboard for entering a selection,
for example, directly on the display itself. According to one embodiment, commands may be
input via the modification interface through a programmable stylus, keyboard, mouse, speech
processing system, laser pointer, touch screen, tablet computer, personal digital assistant
(PDA), a remote input device (such as a pendant), or other input mechanism. The remote input
device may include clickable icons, selection buttons, dialog boxes, or roll-down windows which
are the same as or similar to those found on the user modification interface, providing a
convenient way for the user to control common user interface functions from their position at
the patient's side. Alternatively, the remote input device may only accommodate, for example,
a subset of such modification controls, making for a more compact pendant. In yet another
embodiment, the remote input device may be configured to accommodate additional
modification controls. Moreover, either the remote input device or any other input mechanism
may have icons which allow the user to control the robotic arm, allowing the user move the
robotic arm away from the patient, or incorporate a STOP button, enabling the user to
terminate operation of the robotic arm or hair transplantation tool in the event of an
emergency. Alternatively, the modification interface may comprise a dedicated piece of
hardware. In some embodiments the selections or adjustment made through the modification
interface may be executed by code instructions that may be executed on the computer
processor.
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[0027] The program that runs the method and system may include a separate program code
including a set of instructions for performing a desired operation or may include a plurality of
modules that perform such sub-operations of an operation, or may be part of a single module
of a larger program providing the operation. The modular construction facilitates adding,
deleting, updating and/or amending the modules therein and/or features within the modules.

[0028] The program may include an electronic auditing function that enables capturing of
selective data that is part of and contained within the apparatus or system. For example, the
captured data may include a value of a parameter associated with the hair transplantation
procedure, the apparatus or system carrying out the procedure, and/or the patient. The
electronic auditing function may be configured in some embodiments to capture the individual
steps or portions thereof that the system performs during the hair harvesting or hair implanting
process of hair transplantation. The electronic auditing system may also be configured to
capture parameter values associated with the hair transplantation procedure that are
ascertained from the processing of the captured individual steps or portions thereof.

[0029] The program may receive unique identifier information and/or additional information
and may access, for example, a storage device having data associated with the unique
identifier information and/or additional information.

[0030] In some embodiments, a user may select a particular method or embodiment of this
application, and the processor will run a program or algorithm associated with the selected
method. For example, a user may select (e.g. by clicking and dragging, or clicking on a user
interface icon, or by entering a command, a voice command, etc.) a hair harvesting program
which includes operation of both sharp piercing needle and a duller coring needle. Alternatively
the user may select to run a program controlling only a coring needle for a period of time to
evaluate and adjust (if needed) one or more parameters of operation of a coring needle; or to
run a program controlling only an implanting/site making needle to evaluate and adjust, for
example, its depth of insertion or an angle.

[0031] A controller that may be operatively coupled to the processor may allow the speed,
angle, and/or direction of a drive, as just an example, of the robotic tool (e.g., the hair
harvesting tool) to be substantially automatically controlled. In certain embodiments, various
types of position sensors may be used. For example, in certain embodiment, a non-optical
encoder may be used where a voltage level or polarity may be adjusted as a function of
encoder signal feedback to achieve a desired angle, speed, or force.

[0032] To aid in the understanding of the inventions of the present application, examples of
the methodology will be described and explained in reference to the hair harvesting procedure.
It will be apparent that the teachings can equally be applied to the hair implantation process, or
to other appropriate processes with adaptations being made to accommodate the
requirements of such process. To this end, before describing the hair harvesting procedure
according to an embodiment of the invention, an example of the harvesting tool shall be
described briefly to aid in the subsequent discussions.
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[0033] Hair transplantation tools that can be used in a substantially automated, including
robotic, system have been described, for example, in the commonly assigned U.S. Patent
Publication No. 2008/0234699. In the case of a single sharp punch or needle being used for
harvesting, sometimes if the sharp punch penetrates or punctures too deeply into the body
surface, there is an increased chance that the follicular unit will be transected, thereby
damaging it or rendering it unusable. Therefore, in some embodiments it may be desirable to
use a hair harvesting or hair removal tool that comprises two concentric needles or punches,
one of which is used to dissect deeper but is less sharp to decrease the chance of transecting
follicular unit. In certain embodiments, an inside needle may be sharp or semi-sharp, and an
outside needle may be relatively dull or less sharp than the inside needle. The inside needle
may be used to initially pierce the skin and to form an incision, for example, of 0.5 mm to 2.0
mm deep. The outside needle can then follow the inside needle into the incision made by the
inside needle and continue through deeper tissue to a depth of, for example, 5-8 mm. The
relatively dull edge of the outside needle dissects the follicular unit separating it from the
surrounding tissue and guides the follicular unit into the lumen of the outer needle without
transecting or otherwise damaging the follicular unit. This enables removal or harvesting of the
follicular unit while preserving its integrity. The outer needle body is sized and configured to at
least partially surround or encapsulate a follicular unit. One or both of the inner and outer
needles may be axially movable relative to one another, one or both of the inner and outer
needles may also optionally rotate or oscillate. It is not required, however, for implementation
of the inventions described herein that the inner needle be sharp and the outer needle be
more dull, and it will be understood that in various embodiments the positions of these needles
could be reversed, or various different configurations of the needles may be used, including
the use of a single dissecting or harvesting needle (instead of two co-axial needles).

[0034] Figure 2a illustrates an example of a distal portion of the needle or punch 200 that may
be used in the harvesting tool. The punch 200 includes an elongated body having a sharp
distal tip 205. The term "sharp" distal tip 205 as used herein means that it is sharp enough to
pierce or cut a skin or body surface (not shown). The elongated body may be pushed into the
skin such that its sharp distal tip cuts or penetrates tissue, or skin layers to a desired depth
(e.g. through the epidermis, or upper dermis). A lower portion of the elongated body, the
portion closer to the distal tip, may be provided with graduation markings 210 on its outer
surface. Such markings assist in identifying the depth of insertion of the punch 200 in the body
surface as explained in more detail later in reference to Figure 3. The punch 220 represents
an example of an alternative punch, for example, a dissecting needle that may be used in the
embodiments implementing the two-needle configuration of the harvesting tool, or it could be a
single-needle harvesting tool. Such punch 220 may include markings 210 and/or may also
include a stop 225, as illustrated in Figure 2(b). It will be appreciated that although the
markings 210 have been illustrated and described herein as bands, the markings 210 may
comprise any number of different shapes, forms or symbols and their format is not limited in
this respect. The stop 225 is an example of a structure that limits the depth of insertion of the
distal end of the punch 220 into the body surface. As the distal tip penetrates the body surface
to the desired depth, the graduation markings provide a visual indication of the depth to which
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the distal tip 205 has entered the body surface. It will be appreciated that in some
configurations where the stop is employed, the graduation markings may be disposed distally
from the stop, both distally and proximally from the stop, or removed.

[0035] Having dissected the follicular unit from the surrounding tissue, the harvesting tool is
withdrawn from the body or skin surface. Depending upon the particular configuration of
harvesting tool utilized, the harvesting tool may be removed from the skin while a dissected
follicular unit may still remain in the body surface, and then subsequently removed, for
example, with the additional assistance of forceps, or vacuum, or other appropriate tools or
mechanisms. Other harvesting tools are capable of dissecting the follicular unit and also
removing it when the harvesting tool is removed from the skin. For example, a retention
member (not shown) may be incorporated into the inner and/or outer needles of the harvesting
tool to assist with the removal of the follicular unit.

[0036] The proximal end of the tool 200 may be configured to incorporate appropriate
sleeves, slidable shafts, or other such structures to move the elongated body or bodies
(needles/punches) axially and optionally radially relative to one another. In an alternative
embodiment, the proximal end of the tool may be operatively connected to a mechanical
system, electromechanical system, a pneumatic system, hydraulic system, or a magnetic
system configured to effect controlled movement of the tool 200 (e.g., movement of the inner
and outer needles relative to one another), and to facilitate a semi- or fully- automated tool to
be employed. In yet another alternative embodiment, either or both of the inner and outer
needles maybe operatively coupled to a biasing mechanism, such as a spring mechanism, or
other such release mechanism to facilitate movement of the needles in the axial direction, in a
quick, or slow or otherwise controlled manner.

[0037] Figure 3 illustrates the view on an imaging display or monitor 300, which embodies
several features of the invention, and facilitates validation or modification of parameters of an
automated procedure, in this particular example a hair harvesting procedure. The monitor 300
shows several features, some or all of which may be utilized in various embodiments of the
methods described herein, for example, in hair harvesting, hair removal, or hair implantation
procedures. The monitor 300 includes a main section, which in the illustrated example takes up
about two-thirds of the viewable space, and displays a real time image 305 of a body surface
310 which is undergoing a hair harvesting process. The real time image as used herein means
an image that displays real time information captured by an image acquisition device, such as
one or more cameras, for example, high-magnification camera(s) (such real time image is
intended to include an image displayed, for example, with short delays of approximately up to
250 milliseconds, or in some examples from approximately 20 miliseconds to about 230
milliseconds). Some examples of the devices that could be used to obtain real time image
include various cameras (e.g. webcam, surveillance cameras, linear cameras), or ultrasound
sensing. In the streaming real time image, the user is able to see the individual follicular units
315 in the immediate area surrounding a currently being harvested (being removed, or being
implanted) follicular unit, and operation of the tool as it is being inserted into and withdrawn
from the skin. The monitor may also optionally display in addition to this large close up real
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time view 305, a more global view 320 (for example, using a pair of low-magnification
cameras), that may appear on another section of the monitor 300 as a supplemental real-time
image as seen in Figure 3, this view displaying a real time image of the larger, for example,
bound area from which the hairs are being harvested in this portion of the procedure. The tool
bar of the user interface may allow the user to select which view or views to display (stereo,
high-magnification, or low-magnification, etc.) For convenience of the description, dissecting or
harvesting of a single follicular unit (which may comprise one or more hair follicles) will be
referred to as a harvesting event, and implanting of a single follicular unit will be referred to as
an implantation event. For other procedures where present inventions may be implemented,
the relevant event may be, for example, a tissue removal or tissue cutting, ablation,
dermatologic, ophthalmic, or a tattoo removal event. Optionally, fiducials or markers 325 shown
in the global view 320 can be placed, for example, directly onto the body surface, or may be
attached to a skin tensioner that may be used in the hair transplantation procedure or other
appropriate procedure where skin tensioning is desired. In this more global view 320, a virtual
box 330 is identified, this box corresponding to the region of the body surface that is shown in
the real time image 305. In this manner, with the concurrent showing of the main real time
image 305 and the global real time view 320, the user is able to obtain an overall view and
better understanding of from where follicular units still need to be harvested, from where
follicular units have already been harvested, and be generally informed of issues that may be
arising as the procedure continues. An example of an issue that might be arising for example,
is that the tool may be operating off-center, that is actually centering at a point different to the
targeted point of the follicular unit instructed by the processor and/or control unit; or perhaps
the user may be noticing an increase in the transection rate of the dissected/harvested
follicular units. The apparatus, system and methods of this application, enable the user or the
automated apparatus/system itself, or a combination of the above to utilize the information
displayed, such that the parameters of the procedure during at least a portion of the procedure
may be validated or modified, if warranted, and that it may be done without having to
necessarily interrupt the procedure, or interrupt it for a significant time.

[0038] As illustrated in Figure 3, the visual representation of the real-time information may be
combined using known image processing techniques, for example, with a virtual representation
335 of the location from where follicular units have been harvested. Such virtual representation
will assist in differentiating the already dissected follicular units, for example, by forming a
colored circle or other configuration around dissected/harvested follicular unit to more clearly
visually represent that harvesting has occurred in that region. The examples of various victual
representations are described in a commonly assigned application Serial number 13/174,721
identified by attorney docket RR-034 and entitled "Methods and Systems for Directing
Movement of a Tool in Hair Transplantation Procedures." The color selection of the above
visual representations may be such that these already harvested regions can be more easily
differentiated, for example, from the area of blood 340 that also may be seen in the image 305.
In other embodiments, for example, the real time image may be combined with a virtual
representation of the location from where follicular units have been already implanted.

[0039] The streaming real time images 305 are useful in making certain decisions, for
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example, where a user needs to override an automated selection of the next follicular unit to
be harvested that is made by the system. For example, by observing automated operation, the
user may want to avoid an area where hair grafts were already harvested or avoid harvesting
areas near scars or any other undesirable harvest sites, and therefore, needs to override on
the spot a selection made automatically by the system in such area. In other situations,
because the automated operation of the tool may be too fast, streaming of real time images
may result in an insufficient time for the user to observe certain parameters and timely made
an appropriate decision. Therefore, in addition to the main real time image 305 (and optionally
the global real time view 320), one or more supplemental snapshots or images, as described
below, may be also provided concurrently. In Figure 3, by way of example two additional
supplemental images/snapshots are shown, each of the snapshots taken at a different moment
in time during the streaming of the real time images, but relating to the same follicular unit that
is being harvested, or the same harvesting event. In other words, such snapshots, even
though are based on the real time imaging, are not the real time images, but rather represent
historic information of a state of the procedure at a particular moment or interval in time during
streaming of the real time images. In this particular example, each of the first supplemental
image 345 and the second supplemental image 355 is a still image. However, instead of a still
image, in some embodiments snapshots 345 and 355 may be videos, for example, short
videos of 0.5 to 3 seconds duration, or it may be simply a recording of the previously taken real
time images that is run or looping in a slow motion or pace (e.g. less than 30 frames per
second) to allow the user to observe the details and identify whether any adjustments are
desired or warranted. The first supplemental image 345 may be captured, for example, when
the harvesting needle 350 penetrated or punctured the body surface to a maximum designated
depth of penetration and the skin has substantially stabilized, recovered, or settled from the
rapid action of the harvesting needle, or at a predetermined time interval after activation of the
needle, for example a tenth of a second later. If a punch 200 with graduation markings 210 is
utilized, the user will be able to see how deep into the body surface the punch 200 has
penetrated in this first supplemental image 345. With the correct magnification, the user will be
able to at least see the various markings, and ascertain the approximate length of the inner
needle or punch 200 that has penetrated the body surface. Alternatively, an electronic auditing
function in the program associated with the harvesting procedure may be configured to capture
quantitative information, a value pertaining to the depth of insertion of the punch 200, and
perhaps retain that information in memory for later retrieval or use.

[0040] The second supplemental image 355 may be captured at an instance when the
harvesting event, such as the dissection of a follicular unit, is substantially complete. Typically,
it would happen once a distal tip of the harvesting needle has been retracted from the body
surface. For example, in the case of a two co-axial needle configuration, the image may be
captured at a time when both the inner and outer needles have been retracted from the body
surface, or a predetermined time after the second of the two needles is removed. One of the
benefits of having this second supplemental image 355 is that the user can observe if, and
optionally how, the follicular unit is being elevated from the body surface. For example, if the
follicular unit or a portion of it is seen lying on the surface in unusual orientation, it may be an
indication that follicular unit was transected during harvesting. On the other hand, if the
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follicular unit appears to be at least partially elevated from the surface, this may be an
indication that dissection was successful, and the follicular unit is now ready to be removed
from the body surface, for example, by forceps or some other means. In addition, the user may
be able to observe an image 360 of the incision made around the follicular unit, and may be
able to ascertain if the harvested follicular unit was centered with respect to image 360 of the
incision, or if the harvesting tool operated off-center with respect to the targeted follicular unit.
Alternatively, an assessment of the centering of the tool may be accomplished automatically.
For example, an electronic auditing function in the program associated with the harvesting
procedure, may be configured to capture quantitative information, a value pertaining to the
amount that the follicular unit is offset from the center of the image 360, and perhaps retain
that information in memory for later retrieval or use.

[0041] While the first and second supplemental images 345 and 355 are displayed as
essentially historical information pertaining to harvesting of a particular hair follicular unit, the
real time image 305 and the more global real time image 320 continue to display real-time
imaging of the ongoing follicular unit harvesting process. For each event, that is for each
follicular unit harvesting attempt, a supplemental image set (that may comprise simply one
supplemental snapshot, such as image 345, or any desirable number of the supplemental
snapshot images, for example 3, 4, or 5 snapshots) may be captured. In the example of Figure
3, for each follicular unit harvest attempt, a first supplemental image 345 and a second
supplemental image 355 is captured, providing a record of information pertaining to the depth
the punch needle 200 penetrated the body surface, the angle of the needle, and also the
quality of the harvested follicular unit and/or the quality of the harvesting procedure.

[0042] When viewing the first supplemental image 345, should the user recognize a deviation
from expectation or desire, for example, should it be identified that the depth of penetration is
too deep, the user has the opportunity to reduce the penetration depth. If the penetration
depth is too deep, the incision may cut through the epidermis and dermis into the
subcutaneous fat. A typical pattern of damage to the hair follicle that may result from the
penetration depth of the punch 200 being too deep is a transection in the upper portion of the
hair follicle. Should the user become aware of this problem, he may, for example, by using his
mouse to click on an arrow 365 on the panel 370, which is associated with the penetration or
puncture depth (PD) of the punch 200. Once the user clicks this arrow 365, the value V
associated with the puncture depth (PD) is modified, and the program of the computer is able
to execute that instruction, communicating that modification to the controller such that the
puncture depth PD of the punch 200 is modified. Depending upon the time it takes for the
program to carry out this modification request (or based on a specific setting of the delay in
implementing the modification), the next follicular unit harvest attempt may be carried out at
this modified penetration or puncture depth PD, or alternatively, the modified puncture depth
PD may be applied to a subsequent attempt. Likewise, if the user should recognize or identify
that the depth of penetration or puncture is too shallow, he may choose to increase the
penetration depth utilizing the appropriately programmed arrow on the panel 370, which will
similarly provide the necessary instructions to the control unit such that the penetration depth is
increased. In some embodiments, instead of the arrow on the panel 370, the user may use a
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corresponding arrow or button of the remote control input device. In this manner, the user is
given the opportunity to modify the value of a parameter if it is found to be not optimal, less
desirable, or outside one or more acceptable limits, during a session of an automated hair
transplantation procedure, without having to necessarily stop the harvesting procedure. It will
be appreciated that although it may not perhaps be necessary to stop the harvesting
procedure, it may be desirable from either the user's perspective and/or the system's
perspective (depending upon the nature of the program and the related software and
hardware configuration(s)), that the system be at least paused so that user has a longer
opportunity to view the first supplemental image 345 and/or to make the necessary change(s)
to the system. Once the modification has been carried out, the user may then re-start the
procedure, enabling the modification to be executed. The user will have the opportunity to view
a first supplemental image 345 associated with the modified penetration or puncture depth,
and ensure that the modification was sufficient for his/her purposes. If not, further modification
can be requested in a similar manner. Alternatively, the imaging processing may be utilized to
automatically identify whether a modification of puncture depth is required. For example, the
system may be configured to take a snapshot or first supplemental image 345 at an instant
indicative of the maximum penetration depth after the skin has settled. The image processor
may be configured to automatically identify (without input from the user) the markings on the
punch, and to identify where the body surface is with respect to the markings. Such
identification may be based on captured data, and not on an actual "visual image". For
example, if it has been predetermined that there should be three markings on the punch that
are visible above the skin surface, but only two such marking are identified by the image
processing, based on these findings, the processor may be configured or programmed to
automatically modify the puncture depth accordingly. It could be modified, for example, to
ensure that subsequent punching of the body surface by the harvesting tool results in three
markings being seen in a future supplemental image, such as image 345. In the above
example, the processor may automatically reduce the penetration/puncture depth by an
amount substantially equivalent to the spacing between the second and third markings or as
otherwise necessary to ensure the desired result (in this case visibility of the three markings) is
attained. It will be appreciated by those skilled in the art that there are various methods by
which the processor may be configured to automatically carry out a "visual" inspection of the
"image", such that the system may automatically modify, for example, how deep a punch or
needle penetrates the body to enhance the system's performance. One such method is
described herein, though there are numerous variations and alternatives that may be utilized to
accomplish the same or similar goals. With reference to the example of Figure 2a, the needle
or punch 200 comprises a portion with graduation band markings 210 thereon, which provide a
visual indication of the depth to which the distal tip 205 of the needle has entered the body
surface or tissue. Various numbers of graduation markings may be coated on the needle or
punch 200.

[0043] As mentioned above, the supplemental image 345 capturing the puncture depth is
taken. This image may be enhanced, if needed, to provide a clean and crisp image. Such
image enhancement may comprise using a number of filters, such as a sharpen filter,
histogram equalization, gamma correction and pseudo color mapping.
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[0044] The method may begin with processing the punch or needle image to find an axis of
the needle. This processing can be carried out manually, or by calibration, a calibration
typically providing for the needle tip 205 and the axis in the direction 215 to the proximal end of
the needle to be identified. Having ascertained the axis of the needle, an intensity profile of the
needle image is generated along the axis, which is in the direction 215. The intensity profile is
typically a measurement of intensity variation of image pixels, along the length of the needle
200. The intensity measurement may comprise evaluating the actual intensity level of a pixel,
or merely evaluating whether the intensity of a pixel is above or below a certain threshold,
thereby facilitating a binary value, for example, to be assigned to the pixel. In this manner, the
intensity profile identifies the transition to and from graduation markings on the outer surface of
the punch or needle 200. In an attempt to reduce errors in the intensity measurement, rather
than just evaluate the intensity of single pixel in the image, optionally the intensity of two or
more pixels in a direction substantially orthogonal to the direction 215 may be measured, and a
mean value of the two or more pixels calculated, and the standard deviation along the profile
may be calculated. From the mean value of the intensity calculated, and the standard deviation
along the profile, the profile can be segmented and the graduation marks on the outer surface
of the punch or needle identified. The number of pixels used in this calculation may vary, the
optimum number being that which provides the best solution, for example, a number may vary
between 3 and 10 for various applications, or (since the band markings may be placed around
circumference of the tool) it may be the number of pixels that provides for coverage of up to
approximately 50% of the diameter of the tool. Optionally, in the event that a stereovision
imaging system has been utilized, consistency of the results from the left and right images can
be measured, providing for a means to remove unpaired marks and confirm the presence of
graduation marks by the presence of a mark in both left and right images.

[0045] In some embodiments, it may also be possible to modify the manner in which these
intensity values are calculated or to tune the results achieved to better match prior knowledge
or expectations. For example, the width of the markings may be fine-tuned, scaling the width of
markings to meet prior knowledge, such as the known design of the graduation markings, as
illustrated in the example of Figure 2¢. In this example, the needle 200 is shown schematically
penetrating a body surface 230, solid lines representing elements above the body surface 230,
and broken lines representing elements that are beneath the body surface, and therefore not
usually visible to the user. The design of the graduation band markings in the example shown
is as follows. The first marking begins at a location, for example, 0.5 to 2 mm from the needle
tip 205 and it has a width 235 of 1 mm; the second marking has a width 240 which is 0.5 mm,
and the first and the second markings are separated from each other by a distance 245, for
example, of 1.0 mm. The placement of the first marking, the number of the markings and the
width of each marking, as well as the distances between the markings are provided above by
way of an example only. For example, in some embodiments, the width of each marking may
be the same, or different; the distance between various markings may be the same or
different; and the location of the first marking may vary depending on the procedure and
particular implementation. Armed with this prior knowledge, the images acquired can be
processed, and appropriate corrections and calculations carried out on the intensity profile to
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provide the user and/or the system with an indication of the number of full or partial graduation
marks that are on the needle and above the body surface. Knowing how the actual design of
the graduation marks on the needle correlates to the image of the graduation marks on the
needle, may also enable the processor to compute the width of any partial dark band 210 or
the width of any partial separation 245 that lies just above the body surface. In this manner, the
system can determine whether the needle has penetrated the body surface to the desired
depth, or whether a greater or lesser penetration depth into the body surface is required. In a
fully automated system, the system can utilize the information gained on the full or partial
graduation marks above the body surface, together with the knowledge of actual physical
distances they represent to provide the necessary instructions for the needle puncture depth,
and to adjust it if necessary to be the same, a greater or a lesser depth for the next or a
subsequent needle puncture.

[0046] For example, with reference to Figure 2c, assume that a desirable needle penetration
is achieved when the width of approximately half of the first marking can be seen above the
surface 230. With reference to Figure 2¢, that would be a width of 0.5mm (255) which
represents one half of the full width 235 of the fist dark band 210, and this portion of the dark
band 210 down to the dotted line 250 would have to be located above the body/skin surface
230 and be visible. However, as seen in the example of Figure 2c¢, after initial penetration of
the needle only a small portion 260 of the width of the first dark band 210 is visible above the
surface 230. Therefore, it indicates that the tool punctured the tissue deeper than the desired
depth. Based on these findings, which may be ascertained via the supplemental image 345
from which the captured puncture depth was taken, the penetration depth of the needle 200
can be adjusted such that the needle 200 penetrates the body surface 230 to a lesser depth to
make a desired half of the first marking visible above the surface 230. In some embodiments
the adjustments may be made available in one or more increments, for example, a small
adjustment of 0.1 mm and a larger adjustment of 0.25 mm. It will be understood by those
skilled in the art that any number of adjustments in any desired increments (or continuous
adjustment) may be implemented. According to the results from the image processing,
different feedback adjustment policies may be implemented and applied. In the example of
Figure 2¢, a complete second marking is visible and instead of the desired visible portion of 0.5
mm (255) of the first marking, only about 0.1 mm portion (260) of that marking is visible above
the surface (a 0.4 mm difference). In light of the above, the system is able to determine that
only a relatively small adjustment may be needed to decrease the depth of the tool puncture
and can be configured to automatically adjust the depth accordingly, and also optionally to
operate the needle to puncture at the reduced adjusted depth. In a different situation, where
on initial penetration only the second dark band 210 were visible, it would be apparent that the
penetration depth would need to be reduced by a greater amount, and a larger adjustment
would need to be applied. In some embodiments, the processor may be configured such that if
an absolute difference between the desired value of the visible mark and the actual measured
value is equal or less than a certain predetermined value, then a small incremental adjustment
(for example, of 0.1 mm) shall be automatically made in an appropriate direction of increase or
decrease of the depth. In some instances, if the difference is relatively small or insignificant for
a particular application, no adjustment may be implemented. Similarly, the processor may be
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configured such that if the difference between the desired value of the visible mark and the
actual measured value is more than a certain predetermined value, then a larger incremental
adjustment (for example, 0.25 mm or 0.5 mm) shall be automatically made. It will be
appreciated that due to the skin elasticity and often non-linear response to pressure, there may
not necessarily be a 1:1 correlation between the required penetration depth adjustment and
the measured or viewed difference between the desired and actual visible widths of graduation
markings. This will vary on the nature of the body surface, for example the type, age, location
and condition of the body surface, and other factors. In the example given, even though a
0.4mm difference is illustrated in Figure 2c, the actual needle adjustment may only need to be,
for example, 0.2 mm for the desired portion 255 of the first dark band to be disposed above
the body surface.

[0047] The above has described some examples of the automated embodiments in which the
image processing is able to provide the required information necessary to enable the needle
penetration depth to be automatically adjusted. In other embodiments, the information
available to the user via images, for example the supplemental image 345, can enable the user
to adjust the penetration depth him/herself. In some embodiments an image such as that
illustrated in Figure 2(d) can be incorporated into a supplemental image 345. This image may
serve to display to the user, the graduation markings or dark bands 210, thus enabling the
user to make his/her own determination if needle penetration depth adjustment is warranted. If
adjustment is desired, the user may use any suitable interface to effect adjustment. Also, with
an additional optional display as shown in Figure 2d the user may be shown, for example, by
265 the value of the actual visible width of a first distal marking, by an arrow 270 a direction in
which any adjustment is currently being made or needs to be made, and by 275 the value of
the depth adjustment being made or needed. Moreover, in some embodiments, an indicator
280 AUTO may inform the user whether the adjustments are being made automatically by the
system, or perhaps the system operates in the manual mode MAN (not shown) enabling the
user to control the needle penetration depth manually. A user interface may facilitate
adjustment of any or all of the parameters referenced above.

[0048] Alternatively, or in addition, visual means such as that illustrated in Figure 2(e) may be
employed. In this particular embodiment, the user is not required to know the actual value of
the penetration depth or the amount by which it should be adjusted, but can indicate the
adjustment by moving the bar 285 on a schematic representation of the needle, in the
appropriate direction to the desired position. In this instance, for example, the bar may be
representative of the body surface, so placing the bar 285 substantially in the middle of the first
dark band 210, will indicate that the user desires that the needle puncture depth must be such
that substantially half of the first dark band 210 is visible above the body surface. Alternatively,
or in addition, the arrows 290 may be utilized to move the bar 285. The schematic
representation of the needle and the movable bar for depth indication may be incorporated, for
example, into the bottom right portion of the user interface shown in reference to Figure 3.

[0049] Although it is possible for each and every penetration or puncture depth to be adjusted
individually, it may be more efficient to control and only periodically adjust the tool puncture
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depth based, for example, on the location of the next puncture relative to the previous
puncture and/or on the prior knowledge of the previous adjustments made in various areas of
the body surface. For example, the penetration or puncture depth adjustment applied to the
current harvest may also be applied to the next or a future harvests. For example, if the next
follicular unit to be harvested is located in close proximity (for example, within 5mm) of the
follicular unit currently being harvested, a system may be configured to apply substantially the
same penetration depth to the next follicular unit. If the next follicular unit to be harvested is far
away from the follicular unit currently being harvested (for example, greater than 5mm), the
penetration depth may be adjusted as needed for that follicular unit. However, in some
embodiments, the specific prior penetration depths and adjustments employed to harvest
follicular units from the various locations on the body surface, can be stored by the system,
and this historic information may be utilized for future harvests. In this instance, if it is desired
to move a tool to a new location from which at least some follicular units were already
previously harvested, the system can use a stored penetration depth and relevant adjustment
information for these one or more previous harvests, or in some embodiments may calculate
an average of those penetration depths and adjustments in a particular area, such that further
automation may be realized in a more efficient manner.

[0050] In the manner of the examples described above, the system is able to automatically
carry out a "visual" inspection of the "image" and automatically modify one or more parameters
(in this instance is the depth of penetration or puncture) to enhance the system's performance.
It will be appreciated that examples and embodiments discussed herein with reference to the
modification of the puncture or penetration depth of the tool are applicable to various
procedures. For example, in reference to hair transplantation, they are applicable to not only
dissection or harvesting of hair (as referenced above), but to the implantation site creation
procedure and/or the hair implantation procedure itself. In other applications, automatic
modification of the penetration depth may be applied to various aspects of the corresponding
procedures.

[0051] Similar modification can be carried out pertaining to other parameters associated with
the hair harvesting procedure, or other procedures within the scope of the inventions described
herein. For example, another parameter that may benefit from an automated or semi-
automated modification is an angle or orientation of the tool used in the procedure. As
described in detail in the commonly assigned U.S. Patent 8,048,090

the hair direction or angle changes substantially below the skin as compared to that of the
above the skin. It has been observed that an emergence angle of the hair follicle from the skin
is quite often smaller/more acute than its subcutaneous course, however, in some instances it
may be the other way around. It should be noted that the description based on the hair
transplantation example refers to follicular units, which are naturally occurring aggregates of
one or more hair follicles (typically, 1 to 4). While each hair follicle within a follicular unit typically
has its own axis and direction above and below the skin surface, for simplicity we will refer to
the axis of the follicular unit as a whole (which would represent an average or mean axis of
visible portions of all hair follicles in the follicular unit). As a result, aligning a tool (for example,
hair harvesting tool) with a visible axis of the follicular unit above the skin and advancing the
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tool based on the visible portion of the hair above the skin may result in follicular unit
transection, damaging it or rendering it unusable. Therefore, it is important to determine an
emergence angle of hair from a body surface (e.g., scalp, skin) as well as determine the
proper tool orientation relative to the body surface, which is referred to as "approach angle of
the tool." With reference to the hair transplantation procedures, the proper tool orientation is
important in both harvesting of hair and implantation. The correct angle of the tool orientation
reduces the transection rates during harvesting, it also prevents the tool (harvesting or
implanting needle, or site making tool) from sliding on a surface, scraping the skin or tissue, or
insufficiently penetrating the body/skin due to unnecessary small angles at which the tool (e.g.,
needle) may approach the surface. Further, during implantation, correct angle of the tool
allows to properly match the angles of the existing hair so that newly implanted follicular units
blend in more naturally.

[0052] It will be appreciated by those skilled in the art that there are various methods by which
the processor may be configured to automatically or semi-automatically modify the value of the
angle of the tool parameter. Several examples of such methods are described herein, though
there are numerous variations and alternatives that may be utilized to accomplish the same or
similar goals. According to one approach, the following method of automation of an angle
clamp may be implemented as will be described in reference to Figure 5. It will appreciated
that though discussed in terms of hair transplantation, orientation of the tool may comprise
orienting a tool for various applications.

[0053] Based on various factors and certain characteristics, including one or more of prior or
existing data, experience, characteristics of the follicular units, characteristics of the body
surface or area in which the follicular units reside, the geometry and design of the tool or
mechanism used in the procedure, the force required to facilitate a desired skin surface
penetration, the dimensions of any skin tensioner that may be utilized in the procedure,
measurements of the emergence angles or the average/mean emergence angles of the
existing hair in the relevant area, it was determined that there exists a cut-off tool approach
angle (also referred to as minimum approach angle of a tool or an angle clamp) below which
the tool shall not be oriented, for example, below which the tool shall not be aligned with the
relevant follicular unit. The value of a minimum approach angle can be determined, for
example, for a particular area on the body surface. For example, the minimum approach angle
at the top of the scalp may be different to the minimum approach angle at the sides or the back
of the scalp. Different minimum approach angles may be chosen depending on a particular
follicular unit and its emergence angle, or based on the desired angles of the "virtual hairs", for
example, when planning hair implantation. Typically, the smaller the emergence angle of a
particular follicular unit, the greater the difference between the emergence angle of this
follicular unit and a minimum tool approach angle.

[0054] By examining closely the hairs in a relatively small area, for example, of the scalp or
another body surface, it was observed that follicular units might not be pointing exactly in the
same direction. Therefore, it may be beneficial to average an emergence angle of follicular
units in a selected neighborhood (e.g., 100 hair graft or more; visible hair on a screen of a user
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display, or within 25 mm radius of a selected follicular unit, etc.). Averaging eliminates
individual noise, hairstyling difference, or with reference to the robotic systems it increases the
speed and efficiency of the procedure because it requires less reorientation and movement of
the tool. Therefore, in some embodiments, the determination of the minimum approach angle
may be based on the average or mean value of emergence angles of a plurality of the existing
hair in the particular relevant area. No matter how the minimum approach angle is determined,
while it will work properly for most follicular units in that particular area, it may still not be
suitable to use with a particular follicular unit. For example, it may not work for a certain
follicular unit located within the relevant area whose emergence angle is substantially different
than the determined average emergence angle for the follicular units in that area. For such
follicular unit, it may be desirable to adjust the suggested default minimum approach angle. For
example, if the emergence angle of the follicular unit of interest (e.g., one that is intended to be
harvested) is less than a pre-selected minimum approach angle, it may be desirable to orient
the tool at the minimum approach angle, rather than the emergence angle of the follicular unit.
If the emergence angle of the follicular unit of interest is greater than or equal to the minimum
approach angle, it may be desirable to orient the tool substantially to the emergence angle of
the follicular unit of interest. However, it has been found that often, it is desirable that the
approach angle of the tool be different from the emergence angle of the follicular unit of
interest. In certain applications and depending on a particular follicular unit and/or its location, it
may be desirable, for the reasons mentioned above, to add approximately as much as 15°-25°
to the emergence angle of the particular hair follicle or follicular unit to determine a desirable
minimum approach angle. For example, if the hair emergence angle is 35°, a minimum
approach angle of about 50° to 55° may be used to produce acceptable harvesting results.
However, if the actual emergence angles of follicular units on a particular patient are relatively
high, then the difference between the average emergence angle and the minimum approach
angle may be set to be smaller, for example, only 10°.

[0055] In one embodiment, the following logic for the angle adjustment may be implemented.
The current minimum approach angle is compared to the emergence angle of the follicular unit
of interest and the following logic may be applied based on the results of such comparison:

1. a) If the current minimum approach angle is greater than the emergence angle of the
follicular unit of interest, then the current minimum approach angle may be used as the
actual tool approach angle for that particular follicular unit. However, as an example, the
following modification may be super-imposed on this initial logic. For example, if the
difference between the minimum approach angle and the emergence angle of the
follicular unit of interest is less than a selected number of degrees (e.g., 5° or 10°), it
may be desirable to choose a tool approach angle which is substantially equal to the
sum of the selected number of degrees and the emergence angle of the follicular unit of
interest.

2. b) If the current minimum approach angle is the same or lower than the emergence
angle of the follicular unit of interest, then the emergence angle of the follicular unit of
interest may be used as the tool approach angle. However, again the following
modification may be super-imposed on this initial logic. For example, it may be desirable
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to choose the tool approach angle which is substantially equal to the sum of the selected
number of degrees and the emergence angle of the follicular unit of interest. In another
example, if the emergence angle of the follicular unit of interest is greater than the
minimum approach angle by more than a predetermined value, the tool may be oriented
to an angle not more than a sum of the minimum approach angle and the predetermined
value, and above the minimum approach angle.

[0056] Below are some examples of the above implementations. Assume that the user desires
that a difference between the emergence angle of any particular follicular unit and the actual
tool approach angle should be always at least 5°. In this case, if the angle clamp is set at 55°
and a particular follicular unit has a slightly lower emergence angle of 52° (the difference
between the two angles is less than 5°), then the tool approach angle will be automatically set
by the system at 57° (52° + 5° = 57°). Alternatively, if the angle clamp is the same (55°) but a
particular FU has a higher emergence angle (e.g. 58°), then the tool approach angle will be
automatically set by the system at 63° (58° + 5° = 63°).

[0057] The methods and systems described herein allow for automatic or semi-automatic
selection and changing of the angle of the tool parameter. According to one approach, the
following method of automation of the angle clamp may be implemented as will be described in
reference to Figure 5.

[0058] Figure 5 illustrates a graphical representation of the proposed angle clamps (minimum
tool approach angles) corresponding to a particular average emergence angle of follicular
units. This graph 505 demonstrates how to choose automatically a default angle clamp for the
corresponding emergence angle of the follicular unit and it may be built according to the
following method. The user or the processor (for example, based on stored information,
statistical data, or otherwise), selects a first minimum approach angle A1 (at 40°) which
corresponds to an average emergence angle of a plurality of follicular units with a first relatively
shallow emergence angle (e.g., 20°), and a second minimum approach angle A2 (at 65°)
which corresponds to an average emergence angle of another plurality of follicular units with a
second relatively high emergence angle (e.g., 60°). The processor may interpolate, in this
example linearly, between these two values A1 and A2, creating the graph 505 which provides
suggested minimum approach angles for the average emergence angles of follicular units that
lie between the first and the second minimum approach angles, 20° and 60° respectively. This
interpolation, although shown to be linear in the example of Figure 5, may be quadratic, cubic
or any other type or combination of types of interpolation, and instead of two points A1 and A2,
an angle associated with an upper average or mean emergence angle and an angle
associated with a lower average or mean emergence angle, or a different number of the initial
points may be selected. These minimum approach angles may be user-specified or based on
historic data. Further, additional adjustments to the proposed minimum approach angle of the
default graph may be implemented if desired. For example, the proposed minimum approach
angle may be increased or decreased by a particular number of degrees and this adjustment
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may be super-imposed on the automated calculation of the default angles clamps. Having
created this graphical representation, the processor is able to find the associated minimum
approach angle for any follicular unit average emergence angle, and use that value when
comparing the emergence angle of the actual follicular unit of interest. Based on the
comparison of the values, the processor can then automatically or semi-automatically change
the angle of the tool parameter, and even instruct the corresponding tool orientation in certain
implementations. If the orientation is not to the user's liking, he/she may modify the orientation
or the graphical representation to meet his/her needs.

[0059] According to the inventions described herein, the minimum approach angle or the
angle clamp may be chosen automatically for a wide variety of patients with an understanding
that these patients may have a wide variety of follicular unit emergence angles in various
areas, of the scalp or other body surface. For example, on the same patient, depending on the
location of the follicular unit, the follicular unit emergence angle may vary from low angles
below 25 degrees to the relatively high angles of 60 degrees and even more. Nevertheless,
any automated algorithm, including the one described above, however widely applicable it may
be, may not work in some special cases, and therefore, would need to be adjusted. Such
adjustment of the default automation algorithm may be accomplished, for example, in the
following different ways.

[0060] According to one implementation, the system may allow to switch from an automatic
minimum approach angle calculation to a manual mode, and back to the automated mode. For
example, the user may elect to temporarily or permanently terminate the program responsible
for automatically determining the angle clamp, (or automatically orientating the tool), and
switch to manual selection, where the user selects the angle at which the tool will be oriented,
or alternatively, an angle clamp, for example, as it penetrates the body surface to harvest the
follicular unit of interest. According to another implementation, the user may interactively adjust
the above described default automation algorithm. In this embodiment the user may be
provided with a user interface via which he/she may modify the orientation of the tool directly or
indirectly. For example, the user interface may comprise a graphical representation in which a
plot of average follicular unit emergence angle against minimum tool approach angle is
illustrated, and the user may interactively adjust one or more values on the graphical
representation, which in turn adjusts operation of the tool orientation. This implementation will
require computer-savvy advanced users. Alternatively, according to yet further implementation,
a combination of the manual and automated adjustment may be implemented as described
below. Specifically, an adjustment of the automation algorithm may be based on user input for
a specific follicular unit as will be described in reference to Figure 6.

[0061] According to one implementation, the user input could adjust, for example, one
proposed angle clamp that is closest to one of the points used in the interpolation (e.g., points
A1 or A2 of Figure 5), while keeping the rest the same or appropriately adjusted. In one
embodiment, the user may desire that the minimum approach angle for a particular selected
follicular unit be changed such that based on this input the graph of Figure 5 is adjusted, and
then the system continues to provide automation of this parameter. A typical user input with
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respect to a particular follicular unit will be one of the following two:

1. 1. Minimum approach angle (angle clamp) needs to be smaller or more shallow for the
specific follicular unit, or
2. 2. Minimum approach angle needs to be higher for the specific follicular unit.

[0062] Both of these situations may be handled in a similar manner. When a user wants the
angle clamp for a particular follicular unit to be smaller/more acute/more shallow, it generally
means that the angle clamp needs to be decreased for this specific follicular unit by a small
amount (e.g., five degrees), and for all other follicular units the system may automatically
decrement the angle clamp by an appropriate amount and reconstruct the graph accordingly.
This is illustrated in Figure 6, where a default solid line 605 represents a graph of suggested
minimum approach angles for a range of average emergence angles of follicular units, the
default graph 605 created for example, as described in reference to Figure 5. Let's say the
user provides input for follicular unit having the emergence angles of 35° to be more
acute/shallow than the default, for example, by 5°, as illustrated by a point 610 in Figure 6. The
point 610 that now represents a new adjusted minimum approach angle (45° instead of the
default 50° in this example) for the follicular units with the emergence angle of 35°. The user
may utilize the user interface or remote control to input the change for a point 610, or it may
instruct the system to subtract (in this example) a few degrees from the default value. Of
course, in other examples, instead of subtracting the user may increase the default value by
adding a desired number of degrees, or simply by dragging the point of interest on the graph,
or by any other appropriate means. The processor is then able to automatically adjust other
minimum approach angles and reconstruct the graph based on this new adjusted point 610
and by keeping the original default 65° angle clamp for the 60° average emergence angle of
FU. This new adjusted graph is illustrated with the dashed line 615, where the value of the
minimum approach angle has been appropriately adjusted for all values of the emergence
angles in-between new input point 610 and the original input for 65° angle clamp.

[0063] Conversely, if the user wants to adjust a minimum approach angle for a particular
follicular unit to be greater, for example, by 5° higher than the default, this situation is
illustrated by the alternative dashed line 625 in Figure 6. In this example, the user provided
new input for adjustment of the minimum approach angle to be raised to 65° for the follicular
unit having 50° emergence angle - see point 620. The processor is then able to automatically
adjust other minimum approach angles and reconstruct the graph based on this new adjusted
point 620 and by keeping the original default 40° angle clamp for the 20° average emergence
angle of FU. This new adjusted graph is illustrated with the dashed line 625, where the value of
the minimum approach angle has been appropriately adjusted for all values of the emergence
angles in-between new input point 620 and the original input for 40° angle clamp.

[0064] As shown in the adjusted graphs 615 and 625 of Figure 6, in both cases the user input
is elegantly used in applying automated determination of the appropriate minimum approach
angles and automatically or semi-automatically adjusting the angle parameter accordingly.
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[0065] It will be appreciated that although the embodiment above has been described with
respect to a minimum approach angle, a maximum approach angle (or maximum angle clamp)
can also be determined and used in some embodiments. This maximum approach angle can
be used, for example, to dictate the tool angle that should be utilized for follicular units that
emerge at an angle above the maximum approach angle. For example, if the emergence
angle of the follicular unit of interest is greater than a maximum approach angle, the tool may
be oriented to the maximum approach angle. As a specific example, a maximum clamp angle
of 65 to 70 degrees (e.g., 67°) may be imposed, such that for a follicular unit that emerges
from the body surface at 75 degrees, the tool will be orientated at 67 degrees, and not to 75
degrees, even though 75 degrees is above the minimum clamp angle.

[0066] It should be noted that although many of the above examples and embodiments
related to hair transplantation describe the tool being oriented relative to a follicular unit of
interest, in other instances the tool may be oriented relative to an implantation site, or recipient
area where a hair graft is to be implanted. It will be apparent that controlling and adjusting the
orientation of a tool during an automated or semi-automated procedure and various examples
and descriptions provided above are useful and applicable not only for hair harvesting or
removal, but also for orienting the tool for making an implantation site, or for implanting hair. It
is also applicable to applications other than hair transplantation, such as those already
mentioned in the description, and including, for instance, procedures involving orientation of a
needle for insertion into a body or an organ, such as an eye, or orienting a needle or other
instrument relative to a vein or artery, and modifying the approach angle to compensate, for
example, for motion or breathing.

[0067] According to another aspect of the present application, by analyzing the status of one
parameter, it may be determined that some other parameter of the procedure should be
modified. For example, as indicated in Figure 3, the value W of the coring depth (CD) can be
modified, modifying for example the depth to which the coring needle penetrates the body
surface, the depth used to dissect the follicular unit from its surrounding tissue. A coring depth
range of, for example, between 8mm and 9mm is common to achieve the desired dissection
level of the subcutaneous fat. If the coring depth setting is set too high, a typical pattern of
damage is a transection in the lower portion of the hair follicle. On the other hand, the coring
depth may be set too low. In this situation this value may be modified, for example, if the
second supplemental image 355 indicates that the "harvested" follicular unit is not being
sufficiently elevated after the harvesting attempt. Therefore, by analyzing one parameter, such
as the elevation of the follicular unit, it may be desirable to modify another parameter, such as
the coring depth (CD) of the harvesting tool. The value X of the angle of the harvesting tool can
be modified as well. This value may be modified, for example, if the second supplemental
image 355 indicates that the attempts to harvest follicular units are transecting the follicular
units. The value Y associated with the speed at which the harvesting tool rotates, RPM, may be
modified, for example, if the second supplemental image indicates that the body surface is
being torn. The value Z associated with the force at which the harvesting tool is forced into the
body surface to penetrate the skin may also be modified in a similar manner. Rather than or in
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addition to modifying the value of Z, however, the user may utilize the information he has
acquired to modify the tensioning of the skin surface rather than the force. That is, he or she
may take the opportunity to alter the amount of tension applied by a skin tensioning device (if
such device is used), or perhaps employ an alternative skin tensioning device. It will be
apparent therefore that the modification need not necessarily directly relate to the identified
parameter but indirectly do so, such that the modification enhances the results of the
harvesting procedure. In some instances, modification of one parameter, may also affect the
value of another parameter. Modification of the force applied to the punch is one such example
since modifying the skin tension in response to discerning information from the supplemental
images may cause better penetration, and hence have the potential to alter the actual resulting
depth of penetration. Moreover, the value of the parameter being analyzed or the parameter to
be modified does not need to be displayed.

[0068] In the event that the value Z of the force FC, at which the harvesting tool is forced to
penetrate or advance through the layers of skin to dissect tissue, is modified to increase the
force applied, yet no increase in coring depth CD results, using the parameters displayed, or
otherwise determined or calculated, the user can make a decision (or the system may suggest
a decision) to perhaps, rather than try increasing the value of the force FC again, to select
another harvesting tool, perhaps one with a larger diameter punch, or a punch of different
parameters.

[0069] The above-described example illustrates a harvesting tool comprising two harvesting
needles (a sharper piercing punch and a coring/dissecting punch). The methods described
herein, however, can equally apply to a single-needle harvesting tool. In this configuration of
the harvesting tool the user display may provide a selection for a single punch, such as needle
200. Such selection is shown by example as 375 in Figure 3. If a punch similar to the punch
200 with graduation markings 210 was utilized, using a snapshot like a first supplemental
image 345 would allow a user (or the system itself as described above) to ascertain how deep
into the body surface the punch 200 was penetrating. Should the user determine that the depth
of penetration was too deep, the user may choose to reduce the penetration depth by, for
example, using a mouse to click on an arrow 365 on the panel 370, which is associated with
the penetration or puncture depth (PD) of the punch 200. Once the user clicks this arrow 365,
the value V associated with the penetration depth (PD) is modified, and the program is able to
execute that instruction, communicating that modification to the controller such that the
penetration depth PD of the punch 200 is modified.

[0070] Various other features may be incorporated onto the user display, to facilitate the
successful automated transplantation of hair while ensuring safety and control of the system to
the user. For example, a STOP feature 380 may be incorporated, enabling the user to stop the
hair transplantation procedure being carried out at any step within the procedure, though it will
be appreciated that the system may be programmed to stop in certain instances, for example,
at a point when the needle is retracted from the patient's body surface. Also, all parameters
entered in the system may be cleared by clicking on the "clear" icon 385 before entering a new
set of parameters. To begin the hair transplantation procedure one may select icon 390. It can
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be seen from Figure 3, that the system may include many other control icons, none, some or
all of which may be utilized in any one procedure.

[0071] In some embodiments, the memory of the system may only allow a predetermined
number of image sets to be stored (at least temporarily or permanently) for later retrieval or
use, or may allow all, or a subset of all harvest attempts to be stored. In another embodiment,
using the mouse, the user may click an icon on the display to recall the last five, for example,
image sets, thus visualizing the last five harvest attempts which may be displayed to the user,
and parameters associated with the quality of the hair transplantation system or the procedure.
In another aspect, the computer program may be configured to not only retrieve the images
stored, but to list the values of the parameters associated with the hair harvesting process.

[0072] Figure 4 is a block diagram illustrating an example of a general methodology 400
employed by the present invention, as applied to hair harvesting example, though it will be
apparent that the steps can equally be applied to the hair implantation procedure, or other
appropriate procedure, with the necessary modifications. First, at step 410, before the hair
harvesting procedure begins, parameters for the hair harvesting procedure may be selected,
the parameters may include, but are not limited to, the force that is to be applied to the punch
needle, the revolutions per minute associated with the punch needle, the depth of penetration
of the punch needle, the revolutions per minute associated with the dissection needle, and the
depth of penetration of the dissection needle. These parameters may be selected by the user,
or the system may suggest a set of parameters from the memory, for example, based on the
demographic patient data. Having selected these initial parameters, the automated hair
harvesting procedure begins in step 420 by performing one or more hair harvesting attempts
or events. As procedure is being performed, a real time image of the procedure may be
acquired and may be displayed, as shown in step 430. It will be appreciated that in some
embodiments due to a substantial automation it may not be required to show the real time
image to the user, so the display aspect of this step may be optional, although it is anticipated
that a real time image will be a useful feature to provide to the user, even if it is not required for
the operational function of the automated system. As previously explained and described, in
addition to the real-time image, in step 440 one or more supplemental images or historic
snapshots may be acquired and displayed for some or all individual hair harvesting events.
The timing of the supplemental snapshots is dictated by the parameter or the parameters of
the hair harvesting procedure the value of which the snapshot is intended to ascertain, for
example, the time of penetration of the skin by the harvesting punch. Again, in certain
embodiments where modifications are made automatically by the system, displaying the
snapshots to the user is not required for the operational function of the automated system, but
it is still a useful feature for allowing the user to override the automatic selection. If it is
determined in step 450 that no modification of any parameter of the hair harvesting procedure
is needed, the harvesting procedure continues for one or more hair harvesting events.
However, if it is determined in step 450 that at least one parameter associated with the hair
harvesting procedure needs to be modified to improve the results of the procedure, whether
the modification is by the user or an automated modification, the method returns to step 410,
where the modification to the value of the hair harvesting parameter is made, prior to
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performing the next hair harvesting event in step 420. As indicated earlier, depending on a
desired setting or upon the speed of this methodology, even though a value of a parameter
may be modified in step 410, it may not necessarily affect the hair harvesting procedure
performed on the next hair that is attempted to be harvested, but will affect a certain
subsequent hair. It should be noted that by identifying in the snapshot the state of one
parameter of the hair harvesting process, it may be determined that this and/or some other
parameter should be modified, as described above in reference to Figure 3.

[0073] According to one general aspect of the present application, a method for determining a
need to modify a parameter of an automated procedure is provided. The method comprises
providing and/or displaying a real-time image of a surface having an automated procedure
performed thereon and also providing and/or displaying at least one historic snapshot of the
surface, the snapshot identifying or allowing to ascertain/determine a parameter of the
automated procedure. The method further comprises modifying the same or a different
parameter of the automated procedure to improve the results of such procedure, for example,
if a value of the parameter in the snapshot is outside one or more acceptable limits or
otherwise less desirable. In some embodiments the value of the parameter may be modified or
adjusted with a user input, in other embodiments, the modification may be performed
automatically. For example, the processor may register the value of the parameter and
compare it to a predetermined or selected acceptable value. If the difference is above a
predetermined maximum threshold value, below a predetermined minimum threshold value, or
falls outside a predetermined specified range of values, the processor may determine an
adjustment to be necessary, and automatically apply the necessary modification to the
parameter or another appropriate parameter. The method may comprise providing a
modification interface that allows a user to modify one or more parameters of the automated
procedure. Various examples of the parameters of interest have been described in reference
to various procedures. For example, in reference to hair transplantation modification of
parameter(s) may be directed to improving dissection of the follicular units. The parameters of
interest may comprise a depth of insertion of the harvesting needle, or the angle of insertion,
or centering of the needle relative to the follicular unit, or the force or rotational speed of the
needle movement, or ability of the needle to dissect and at least partially elevate the follicular
unit from the skin surface. In reference to removing color tattoos, such parameter of interest
may be, for example, a laser wavelength and/or intensity. In some applications of the method,
the automated procedure is an automated tattoo removal procedure and the modification
interface allows the user to modify the intensity or wavelength of a light source. In other
applications of the method, the automated procedure is an automated hair removal procedure
and the modification interface allows the user to modify the intensity or wavelength of a light
source.

[0074] According to another aspect, a method for determining a need to modify a parameter
of an automated procedure, for example, hair transplantation procedure is provided. The
method comprising providing a snapshot of a body surface, the snapshot displaying, for
example, an indication of a maximum depth or angle of penetration or insertion of a tool (e.g.,
hair transplantation tool) with respect to the body surface. The method further comprises
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allowing for comparison of the displayed indication of depth or angle of insertion against an
intended value of depth or angle of insertion and based on the comparison for determination of
whether an adjustment of the depth or the angle of penetration is required. In some
embodiments the determination is carried out automatically by a processor, the processor
being part of an automated system. In other embodiments, determination is accomplished with
a user input through a modification interface, or by combination of the user input and
automatically by the system. The method may further comprise providing a second snapshot of
the body surface, the second snapshot taken when a distal end of the tool is retracted from the
body surface; and based on the second snapshot, determining if a procedure event, for
example hair transplantation event, meets an intended hair transplantation criterion. In some
embodiments the criterion may be a centering of the hair transplantation tool with respect to a
follicular unit. Centering of the hair transplantation tool with respect to a follicular unit typically
reduces the chances of damaging the dissected hair. To determine whether the intended hair
transplantation criterion (e.g. centering) is met, one may compare an actual value indicative of
the centering or a value associated with the centering of the hair transplantation tool with
respect to the follicular unit, with an intended or desired value of the centering of the hair
transplantation tool with respect to the follicular unit. In other embodiments the criterion may be
no transection of the dissected follicular unit. In yet other embodiments the criterion may be an
elevation of a follicular unit from the body surface, and determination comprises comparing a
parameter indicative of the elevation of a follicular unit from the body surface with an intended
value of the elevation of a follicular unit from the body surface. Once a determination has been
made that the hair transplantation criterion has not been met (typically falling outside one or
more acceptable or desirable limits), a parameter that influences the criterion can be modified
such that the resulting dissection of the follicular unit is improved. For example, if it found that
follicular units are not being sufficiently elevated from the body surface (that is, the elevation
criterion is not being met), the puncture depth may be modified (for example, by increasing it),
such that subsequent elevation depths meet the desired criterion, alternatively the force at
which the harvesting punch penetrates the body surface can be increased or decreased as
desired. It will be apparent to the reader that there may be more than one parameter or
combination of parameters that can be modified to influence hair transplantation criterion.

[0075] According to a further aspect of the present application, a method for determining the
need to modify a parameter of an automated or partially automated procedure is provided. The
method comprises processing information to enable the identification of, or to allow information
to be determined with respect to, a parameter of the automated procedure. The method
further comprises modifying the same or a different parameter of the automated procedure to
improve the results of such procedure, for example, if a value of the parameter is outside one
or more acceptable limits or otherwise less desirable. In some embodiments the value of the
parameter may be modified or adjusted with a user input, in other embodiments, the
modification may be performed automatically.

[0076] The present application is also directed to a method for automatically or semi-
automatically modifying or determining the need to modify a depth of tool penetration of a body
surface or tissue in at least partially automated procedure, for example, a hair transplantation
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procedure. The method comprises providing or processing information to enable modification
of the tool penetration depth, if certain conditions are met. In some embodiments, the tool has
graduation marks, and the method further comprises modifying the tool penetration or
puncture depth if the number of, or portion of, the graduation marks above the surface being
penetrated is outside one or more acceptable or desirable limits. In other embodiments, the
method further comprises modifying the depth of penetration of the tool based on the historic
stored information of the prior tool depth adjustments, including average adjustments in the
area in close proximity to the current proposed location of the procedure.

[0077] The present application is also directed to a method for automatically or semi-
automatically modifying or determining the need to modify an approach angle of a tool in at
least partially automated procedure, for example, a hair transplantation procedure. The
method comprises providing or processing information to enable modification of the tool
approach angle, if certain conditions are met. In some embodiments, the method comprises
selecting an angle clamp or minimum approach angle of the tool. The method may further
comprise implementing an interpolation procedure to provide the suggested values for the
angle clamps, wherein the interpolation procedure comprises interpolating between at least
two angle clamps. In a further embodiment, the at least two angle clamps (or minimum
approach angles) may be input by the user via a user interface. With reference to hair
transplantation, the method may comprise selecting an angle clamp for each of at least two
emergence angles of the follicular units, and determining, for example, by interpolation, a
plurality of additional angle clamps for each of the plurality of the emergence angles of the
follicular units with the value between the values of the at least two emergence angles.

[0078] It will be apparent that the number of steps that are utilized for such methods are not
limited to those described above. Also, the methods do not require that all the described steps
are present. Although the methodology described above as discrete steps, one or more steps
may be added, combined or even deleted, without departing from the intended functionality of
the embodiments of the invention. The steps can be performed in a different order or have the
steps shared between more than one processor, for example. It will also be apparent that the
method described above may be performed in a partially or substantially automated fashion,
including performed using robotic systems.

[0079] As will be appreciated by those skilled in the art, the methods of the present invention
may be embodied, at least in part, in software and carried out in a computer system or other
data processing system. Therefore, in some exemplary embodiments hardware may be used
in combination with software instructions to implement the present invention.

[0080] The processor for use in the present invention may comprise any suitable device
programmed and configured to perform various methods described in detail in the present
application, including methods directed to modifying a parameter of a hair harvesting or
implanting procedure to improve results of the procedure, for example, if the same or other
identified parameter associated with the procedure is unacceptable. In some embodiments
modification may be accomplished through the modification interface. For example, the
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processor for use in the present invention may be a processor comprising a set of instructions
for executing operations, the set of instructions including instructions for processing one or
more images of a body surface to identify and/or display a parameter (or a plurality of
parameters) associated with, for example, the hair transplantation procedure, and for
modifying or allowing to modify such parameter (or other parameters) as may be necessary or
desirable to successfully carry out the procedure. The system for use according to the
inventions described herein may comprise in addition to a processor an image acquisition
device. For example, a system for determining a need to modify a parameter of an automated
hair transplantation procedure may be provided. The system may comprise a user interface
including a processor, the processor configured to process a snapshot of a body surface which
provides an indication of a depth or angle of penetration of a hair transplantation tool with
respect to the body surface, and to allow for comparison of the indicated depth or angle of
penetration against an intended value of the depth or the angle of penetration.

[0081] In some embodiments, the system may comprise a user input device, the user input
device configured to allow a user to interactively modify the depth or angle of penetration of the
hair transplantation tool based on the comparison. In other embodiments, the processor is
configured to automatically modify the depth or angle of penetration of a hair transplantation
tool based on the comparison, for example, to bring the future depth of penetration or the
angle of the tool within a predetermined deviation from the intended value.

[0082] Certain embodiments relate to a machine-readable medium (e.g., computer readable
media) or computer program products that include program instructions and/or data (including
data structures) for performing various computer-implemented operations. A machine-
readable medium may be used to store software and data which causes the system to perform
methods of the present invention. The above-mentioned machine-readable medium may
include any suitable medium capable of storing and transmitting information in a form
accessible by processing device, for example, a computer. Some examples of the machine-
readable medium include, but not limited to, magnetic disc storage such as hard disks, floppy
disks, magnetic tapes. It may also include a flash memory device, optical storage, random
access memory, etc. The data and program instructions may also be embodied on a carrier
wave or other transport medium. Examples of program instructions include both machine code,
such as produced by a compiler, and files containing higher level code that may be executed
using an interpreter.

[0083] The various embodiments described above are provided by way of illustration only and
should not be construed to limit the claimed invention. Those skilled in the art will readily
recognize various modifications and changes that may be made to the disclosed embodiments
without departing from the scope of the claimed invention. By way of non-limiting example, it
will be appreciated by those skilled in the art that particular features or characteristics
described in reference to one figure or embodiment may be combined as suitable with features
or characteristics described in another figure or embodiment. Further, those skilled in the art
will recognize that the devices, systems, and methods disclosed herein are not limited to the
fields described by example in the present application. The description, therefore, is not to be
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taken in a limiting sense.

[0084] It will be further appreciated by those skilled in the art that the invention is not limited to
the use of a particular system, and that various automated (including robotic), or partially or
semi-automated systems and apparatus may be used for positioning and actuating the
respective removal tools and other devices and components disclosed herein.

[0085] The foregoing illustrated and described embodiments of the invention are susceptible
to various modifications and alternative forms, and it should be understood that the invention
generally, as well as the specific embodiments described herein, are not limited to the
particular forms or embodiments disclosed, but to the contrary cover all modifications,
equivalents and alternatives falling within the scope of the appended claims.
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PATENTKRAV
1. Fremgangsmade til &ndring af et driftsparameter til et system (100) til anvendelse 1 en
automatiseret eller semiautomatiseret hértransplantationsprocedure, hvilken fremgangsmade
omfatter:

tilvejebringelse af et realtidsbillede (305; 320) af en kropsoverflade (120; 230; 310),
hvor et system (100), der omfatter et redskab (110; 200; 220), anvendes til at udfere en
automatiseret eller semiautomatiseret hartransplantationsprocedure;

tilvejebringelse af mindst ét historisk snapshot (345; 355) af kropsoverfladen (120; 230;
310), hvilket mindst ene historisk snapshot (345; 355) identificerer et parameter, der er
forbundet med hértransplantation;

bestemmelse af, om en veardi af det identificerede parameter, der er forbundet med
hartransplantationen, er uden for én eller flere acceptable eller enskelige grenser og

automatisk @ndring ved hjelp af systemet af mindst ¢t driftsparameter til redskabet
(110; 200; 220), hvis verdien af det identificerede parameter, der er forbundet med

hartransplantationen, er uden for én eller flere acceptable eller enskelige granser.

2. Fremgangsméde ifolge krav 1, hvor det mindst ene driftsparameter til redskabet (110;
200; 220) omfatter en driftsvinkel for redskabet (110; 200; 220) og/eller en indferingsdybde for
redskabet (110; 200; 220) og/eller en rotationshastighed for redskabet (110; 200; 220) og/eller
en kraft péfert redskabet (110; 200; 220).

3. Fremgangsmade ifelge krav 1 eller 2, der endvidere omfatter registrering af en veerdi af
det identificerede parameter og sammenligning af den registrerede veerdi med en forudbestemt
veerdi, og, hvis forskellen mellem den registrerede vardi og den forudbestemte verdi ligger
uden for et acceptabelt interval, bestemmelse af en justering, der automatisk skal anvendes, og
tilvejebringelse af et brugerinterface konfigureret til at gore det muligt for en bruger at justere

eller tilsideszette automatisk endring af redskabets (110; 200; 220) driftsparameter.

4. Fremgangsméade ifelge et hvilket som helst af kravene 1-3, hvor det identificerede
parameter er forbundet med kvaliteten af hartransplantationsproceduren og/eller omfatter en
vinkel, hvori et hdrtransplantationsredskab (110; 200; 220) treenger ind 1 kropsoverfladen (120;
230; 310), ogfeller er forbundet med eller relateret til en kraft, der er péfert et
hértransplantationsredskab (110; 200; 220) for at treenge ind 1 kropsoverfladen (120; 230; 310),
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og/eller er forbundet med eller relateret til 1) en centrering af et hartransplantationsredskab
(110; 200; 220) omkring en follikelenhed, der skal hestes eller implanteres, eller 2) indikerer,

om en follikelenhed blev gennemskaret under hestning.

5. Fremgangsmade ifelge et hvilket som helst af kravene 1-4, hvor
hértransplantationsproceduren omfatter en markering af et implantationssted eller en

hérimplantationsprocedure.

6. Fremgangsmade ifolge et hvilket som helst af kravene 1-5, der omfatter mindst to
historiske snapshots (345; 355), hvor det forste (345) af de mindst to historiske snapshots
omfatter et billede, der er hentet pd et forste tidspunkt under en automatiseret
hértransplantationshendelse, og det andet (355) af de mindst to historiske snapshots omfatter et
billede, der er hentet pad et andet tidspunkt wunder den automatiserede
hértransplantationshendelse, fortrinsvis hvor det forste tidspunkt er forbundet med en hud, der
stabiliseres, efter at et héartransplantationsredskab (110; 200; 220) er trengt ind 1
kropsoverfladen (120; 230; 310) til en maksimal indtrengningsdybde, og fortrinsvis hvor det

andet tidspunkt er forbundet med vaesentlig ferdiggerelse af hrtransplantationshendelsen.

7. Fremgangsmade ifolge krav 6, hvor de mindst to historiske snapshots (345; 355) er et
billedset, og hvor billedsattet er taget til nogle eller samtlige hartransplantationshendelser, og
hvor fremgangsmaden endvidere omfatter lagring af et antal billedset i en lagringsenhed, og
visning af mindst ¢t af antallet af billedsattene, hvor visning af det mindst ene af antallet af
billedsettene fortrinsvis omfatter visning af det til en bruger samtidig med visning af

realtidsbilledet (305; 320) af en aktuel hartransplantationshendelse.

8. Fremgangsmade ifelge et hvilket som helst af kravene 1-7, der endvidere omfatter

udvealgelse af et hartransplantationsredskab baseret pd det identificerede parameter.

9. Fremgangsméade ifelge et hvilket som helst af kravene 1-8, hvor det identificerede
parameter omfatter en dybde, hvori et hértransplantationsredskab (110; 200; 220) med
gradueringsmarkeringer (210) treenger ind 1 kropsoverfladen (120; 230; 310), og hvor
fremgangsméden endvidere omfatter anvendelse af det mindst ene eller flere historiske
snapshots (345; 355) og én eller flere feedback-justeringspolitikker, der &ndrer dybden trinvist

eller kontinuerligt, hvis antallet af, eller andelen af, gradueringsmarkeringerne (210) over
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kropsoverfladen (120; 230; 310) er uden for én eller flere acceptable eller onskelige graenser.

10.  Fremgangsméde ifelge et hvilket som helst af kravene 1-9, hvor det identificerede
parameter omfatter en dybde, hvori et hartransplantationsredskab (110; 200; 220) treenger ind i
kropsoverfladen (120; 230; 310), hvilken fremgangsmade endvidere omfatter endring af
dybden baseret pd historisk redskabsindtreengningsdybde ved ¢én eller flere tidligere

hértransplantationsheendelser.

11.  Fremgangsméde ifelge et hvilket som helst af kravene 1-10, hvor det identificerede
parameter omfatter en redskabsindferingsvinkel, hvilen fremgangsmade endvidere omfatter
bestemmelse af, om redskabsindferingsvinklen skal @ndres baseret mindst delvist pa et resultat
af en sammenligning af en minimal eller maksimal indferingsvinkel for redskabet (110; 200;
220) og en fremkomstvinkel for en follikelenhed af interesse, fortrinsvis hvor den minimale
eller maksimale indferingsvinkel vaelges automatisk baseret pd

en gennemsnitlig fremkomstvinkel for en flerhed af follikelenheder i et omrdde pa en
kropsoverflade (120; 230; 310), og/eller

en interpolationsprocedure mellem tilsvarende mindst to minimale eller mindst to

maksimale indferingsvinkler.

12.  Fremgangsméde ifelge krav 11, hvor, hvis fremkomstvinklen for follikelenheden er
mindre end den minimale indferingsvinkel og en forskel mellem den minimale
indferingsvinkel og fremkomstvinklen for follikelenheden af interesse er mindre end en
forudbestemt verdi, redskabet (110; 200; 220) er orienteret 1 en vinkel, der i alt vasentligt er
lig med summen af den forudbestemte verdi og fremkomstvinklen for follikelenheden af

interesse.

13.  Fremgangsmadde til 2ndring af et driftsparameter til et apparat til anvendelse 1 en mindst
delvist automatiseret procedure, hvilken fremgangsmade omfatter:

tilvejebringelse af et realtidsbillede (305; 320) af en overflade (120; 230; 310) med en
mindst delvist automatiseret procedure udfert derpa;

tilvejebringelse af mindst ét historisk snapshot (345; 355) af overfladen (120; 230; 310),
hvilket mindst ene historisk snapshot (345; 355) gor det muligt at identificere, om et kriterium
forbundet med den mindst delvist automatiserede procedure er opfyldt, og

automatisk endring ved hjelp af systemet af mindst ¢t driftsparameter til apparatet,
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hvis kriteriet ikke er opfyldt, 2ndring af det mindst ene parameter, der indvirker pa kriteriet.

14.  Fremgangsmade ifelge krav 13, der endvidere omfatter bestemmelse og/eller visning af
en verdi forbundet med kriteriet, fortrinsvis hvor tilvejebringelse af det mindst ene historisk

snapshot (345; 355) omfatter hentning af data pé et tidspunkt.

15.  Fremgangsmade ifelge et hvilket som helst af kravene 13-14, hvor kriteriet omfatter

centrering af et redskab (110; 200; 220) af apparatet i forhold til en genstand for proceduren.

16.  Fremgangsmade ifolge et hvilket som helst af kravene 13-15, hvor identificering af

kriteriet omfatter visuel eller beregnet identifikation.

17.  Fremgangsmdde ifelge et hvilket som helst af kravene 13-16, der omfatter mindst to
historiske snapshots (345; 355), hvor det forste (345) af de mindst to historiske snapshots
omfatter et billede, der er hentet pa et forste tidspunkt under den mindst delvist automatiserede
procedure, og det andet (355) af de mindst to historiske snapshots omfatter et billede, der er
hentet pd et andet tidspunkt under den mindst delvist automatiserede procedure, og som
fortrinsvis endvidere omfatter tilvejebringelse af mindst et andet snapshot af overfladen (120;

230; 310), der gor det muligt at identificere det pavirkede kriterium.

18.  Fremgangsmaéde ifelge et hvilket som helst af kravene 13-17, der endvidere omfatter
registrering af en verdi af kriteriet og sammenligning af den registrerede vaerdi med en
forudbestemt veerdi, og, hvis forskellen mellem den registrerede veerdi og den forudbestemte
veerdi ligger uden for et acceptabelt interval, bestemmelse af det mindst ene parameter, der skal

modificeres, og automatisk endring af det bestemte mindst ene parameter.

19.  Fremgangsméde ifolge et hvilket som helst af kravene 13-18, hvor den mindst delvist
automatiserede procedure er en hartransplantationsprocedure, en stedsmarkeringsprocedure, en
tatoveringsplacerings- eller fjernelsesprocedure, en ablationsprocedure, en kosmetisk
injektionsprocedure, en ophthalmisk procedure, eller procedure til behandling af en
dermatologisk tilstand, fortrinsvis hvor det mindst ene parameter omfatter en dybde, hvori et
redskab (110; 200; 220) med gradueringsmarkeringer (210) treenger ind 1 overfladen (120; 230;
310), hvilken fremgangsméade endvidere omfatter @ndring af dybden, hvis antallet af, eller

andelen af, gradueringsmarkeringerne (210) over overfladen (120; 230; 310) er uden for ¢én
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eller flere acceptable eller enskelige greenser.

20.  Fremgangsmdde ifelge et hvilket som helst af kravene 13-19, der endvidere omfatter
tilvejebringelse af et brugerinterface konfigureret til at gore det muligt for en bruger at justere

eller tilsideszette automatisk endring af apparatets driftsparameter.

21.  Fremgangsmade ifelge et hvilket som helst af kravene 13-20, hvor apparatet omfatter et
redskab (110; 200; 220) til udferelse af proceduren og det mindst ene parameter omfatter en
driftsvinkel for redskabet (110; 200; 220) og/eller en rotationshastighed for redskabet (110;
200; 220) og/eller en kraft pafert redskabet (110; 200; 220).

22.  System (100) til @ndring af et driftsparameter til et redskab til anvendelse med en
automatiseret hdrtransplantationsprocedure, hvilket system omfatter:

et interface konfigureret til at modtage et realtidsbillede (305; 320) af en kropsoverflade
(120; 230; 310) med en automatiseret eller semiautomatiseret hartransplantationsprocedure
udfert derpéd og mindst ét historisk snapshot (345; 355) af kropsoverfladen (120; 230; 310),
hvor det mindst ene historisk snapshot (345; 355) identificerer et parameter, der er forbundet
med héartransplantation, og

en processor (125) konfigureret til udfere et program, der indbefatter ¢t eller flere
moduler, der omfatter instruktioner til: 1) bestemmelse af, om en verdi af det identificerede
parameter forbundet med hartransplantation er uden for én eller flere acceptable eller enskelige
graenser, og 2) &ndring og/eller tilladelse af endring af mindst ét driftsparameter for redskabet
(110; 200; 220), hvis vaerdien af det identificerede parameter forbundet med héartransplantation

er uden for ¢én eller flere acceptable eller enskelige graenser.

23. System ifelge krav 22, hvor det identificerede parameter omfatter ét eller flere af
folgende: a) indikerer et fravaer af en follikelenhed eller et hulrum 1 kropsoverfladen (120; 230;
310), hvorfra follikelenheden blev fjernet, b) indikerer en dybde eller en vinkel, hvori et
hértransplantationsredskab (110; 200; 220) treenger ind 1 kropsoverfladen, c) er relateret til eller
er forbundet med en centrering af et hartransplantationsredskab (110; 200; 220) omkring en
follikelenhed, der skal hestes eller implanteres, eller d) indikerer, om en follikelenhed blev

gennemskaret under hostning.

24.  System ifelge krav 22, hvor programmet endvidere omfatter instruktioner til hentning



10

15

20

25

30

6 DK/EP 2661237 T3

af mindst to historiske snapshots (345; 355), hvor et forste af de mindst to historiske snapshots
hentes pé et forste tidspunkt under en automatiseret hartransplantationshandelse, og et andet af
de mindst to historiske snapshots hentes pd et andet tidspunkt under den automatiserede
hértransplantationshendelse, fortrinsvis hvor det forste tidspunkt er forbundet med en hud, der
stabiliseres, efter at et héartransplantationsredskab (110; 200; 220) er trengt ind 1
kropsoverfladen (120; 230; 310) til en maksimal indtreengningsdybde, og fortrinsvis hvor det

andet tidspunkt er forbundet med vaesentlig ferdiggerelse af hrtransplantationshendelsen.

25.  System ifelge krav 22, der endvidere omfatter instruktioner om udvelgelse af et

hértransplantationsredskab (110; 200; 220) baseret pé det identificerede parameter.

26. System ifelge et hvilket som helst af kravene 22-25, der endvidere omfatter et
@ndringsinterface, hvilket endringsinterface fortrinsvis omfatter ¢n eller flere fra folgende
liste: et tastatur (145), en mus (150), en stemme- eller talegenkendelsesenhed, en laserpointer,
beroringsskerm (140), tabletcomputer, PDA (personal digital assistant) eller en brugers

fjernindleesningsenhed.

27.  System til ®ndring af et driftsparameter til et apparat til anvendelse i en mindst delvist
automatiseret procedure, hvilket system omfatter:

et interface konfigureret til at modtage et realtidsbillede (305; 320) af en overflade
(120; 230; 310) med en automatiseret procedure udfert derpd og mindst ¢t historisk snapshot
(345; 355) af overfladen (120; 230; 310), hvilket mindst ene snapshot ger det muligt at
identificere, hvorvidt et kriterium forbundet med den mindst delvist automatiserede procedure
er opfyldt, og

en processor (125) konfigureret til udfere et program, der indbefatter ¢t eller flere
moduler, der omfatter instruktioner til endring og/eller tilladelse til @ndring af mindst ¢t
driftsparameter til apparatet, hvis kriteriet ikke er opfyldt, &ndring af apparatets mindst ene

driftsparameter, der indvirker pé kriteriet.

28.  System ifelge krav 27, der omfatter instruktioner til bestemmelse og/eller visning af en
veerdi forbundet med kriteriet, fortrinsvis hvor systemet endvidere omfatter et brugerinterface
konfigureret til at gere det muligt for en bruger at justere eller tilsidesatte automatisk &ndring

af apparatets driftsparameter.
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29.  System ifelge krav 27, hvor @&ndring udferes 1 alt vasentligt automatisk, hvor systemet
endvidere omfatter instruktioner til registrering af en veardi af kriteriet og sammenligning af
den registrerede vaerdi med en forudbestemt verdi, og, hvis forskellen mellem den registrerede
verdi og den forudbestemte vaerdi ligger uden for et acceptabelt interval, bestemmelse af det
mindst ene parameter, der skal modificeres, og automatisk &ndring af det bestemte mindst ene

parameter.
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