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(57) ABSTRACT

Described embodiments include a system, method, and com-
puter program product. A receiver circuit receives ultrasound
echoes from ultrasound-differentiable micro-objects
implanted in a vertebrate subject in accordance with an
implantable media format (hereafter “implanted micro-ob-
jects”). A format decoding circuit identifies the respective
implantation region of the implantable media format occu-
pied by each implanted micro-object based on their respective
echoes. A micro-object recognition circuit recognizes each
implanted micro-object based upon a machine recognizable
feature in the respective echoes. A micro-object decoder cir-
cuitrespectively decodes each recognized micro-objectof the
two implanted micro-objects into a unit of information pur-
suant to the identified implantation region of the recognized
micro-object and a conversion table. An aggregator circuit
collects the decoded units of information into a decoded
information set. A computer storage media saves the decoded
information set.
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700 FIG. 8

[\, 710

Encoding a data set into machine-recognizable features of at
least two micro-objects of a set of micro-objects pursuant to an
implantable media format and a conversion table.

Picking from a physical set of the micro-objects at least two

physical micro-objects having the respective machine
recognizable features corresponding to the encoded data set.

i [\/ 730

Facilitating a transfer of the picked at least two physical micro-
objects fo a provider for implantation in a vertebrate subject.

‘ [ T40

The physical set of micro-objects suitable for implantation in a vertebrate subject, each micro-object of
the set of micro-objects while implanted respectively retumning an echo response to an applied ultrasound
energy having a machine recognizable feature differentiating the micro-object over each other micro-
object of the set of micro-objects,

The implantable media format including a spatial arrangement of at least two regions, each region of the
at least two regions respectively mapped for possible implantation of at least one micro-object of the set
of micro-objects, and

The conversion table correlating units of information with respect to machine recognizable features in
echo responses to an ultrasound energy applied to at least two implanted micro-objects of the set of
micro-objects, the conversion table including a respective conversion sub-table assigned to each region
of the at least two regions, each conversion sub-table respectfully comelating for its region a particular
unit of information with @ machine recognizable feature in an echo response to an ultrasound energy
applied to a particular implanted micro-object of the set micro-objects.

End
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FIG. 9

700
\
[\/ 710

Encoding a data set into machine-recognizable features of at
least two micro-objects of a set of micro-objects pursuant to an
implantable media format and a conversion table.

i (-\_/ 720

Picking from a physical set of the micro-objects at least two
physical micro-objects having the respective machine
recognizable features corresponding to the encoded data set.

‘ (S 730

Facilitating a transfer of the picked at least two physical micro-
objects to a provider for implantation in a vertebrate subject.

I
l Packaging the picked at least two physical micro-objects in a |
| container suitable for transportation to the provider. :

Implanting the picked at least two micro-objects into a particular
vertebrate subject according to the implantable media format.
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800 —\ FIG. 10
(\/ 810

Receiving at least two physical micro-objects having machine
recognizable features corresponding to an encoded data set,
the received at least two physical micro-objects are suitable for
implantation in a vertebrate subject, and each micro-object of
the received micro-objects while implanted respectively
refurning an echo response to an applied ultrasound energy
having a machine recognizable feature differentiating the
micro-object over each other micro-object of the set of physical
micro-objects.

l (S 20

Implanting the at least two physical micro-objects into a
particular vertebrate subject according to an implantable media
format, the implantable media format including a spatial
arrangement of at least two regions, each region of the at least
two regions respectively mapped for possible implantation of at
least one micro-object of the set of physical micro-objects.

End
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1100 FIG. 13
\
[\/ 1110

Receiving respective echoes resulting from an ultrasound energy applied to at least
two ultrasound-differentiable micro-objects implanted in a vertebrate subject in
accordance with an implantable media format (hereafter "implanted micro-objects”).

l

Machine identifying the respective implantation region of the implantable media
format occupied by each micro-object of the implanted micro-objects based on their

respective echoes.
¢ r\_/ 1130

Machine recognizing each micro-object of the implanted micro-objects based upon
a machine recognizable feature in the respective echoes, each micro-object of the
implanted micro-objects respectively returning an echo response to an applied
ultrasound energy having a machine recognizable feature differentiating the micro-
object over each other micro-object of the implanted micro-objects.

‘ (\_/ 1140

Machine decoding each recognized micro-object of the implanted micro-objects into
a unit of information pursuant to the identified implantation region of the recognized

micro-object and a conversion table.
l (\/ 1150

1120

(

Collecting the decoded units of information into a decoded information set.

!

Saving the decoded information set in a computer storage media.

1160

l __________ _(_\_I/ 1170

| Determining the respective spatial position of each micro-object of the implanted |
| micro-abjects based on the respective received echo. [
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1400 FIG. 16
\
(\/ 1410

Electronically receiving a data set.

l (S 1420

Encoding the received data set into machine recognizable features of at
least two micro-objects of a set of micro-objects pursuant {o a conversion
table, the conversion table correlating each digit of the conversion table
base system to a respective machine recognizable feature in an echo
response fo an ultrasound energy applied to a respective micro-object of at
least two ultrasound-differentiable micro-objects.

l (\/ 1430

Picking from a physical set of the micro-objects at least two micro-objects
having the machine recognizable features corresponding to the encoded
data set, each micro-object of the physical set of micro-objects is
biocompatible and suitable for implantation in a vertebrate subject, and each
micro-object of the set of micro-objects while implanted respectively returmns
an echo response to an applied ultrasound energy having a machine
recoghizable feature differentiating the micro-object over each other micro-

object of the set of micro-objects.
l (\/ 1440

Facilitating a transfer of the picked at least two physical micro-objects {o a
provider for implantation in a vertebrate subject.

End
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1400 FIG. 17
\
(\/ 1410

Electronically receiving a data set.

+ o 1420

Encoding the received data set into machine recognizable features of at least two

micro-objects of a set of micro-objects pursuant to a conversion table, the
conversion table correlating each digit of the canversion table base systemtoa
respective machine recognizable feature in an echo response to an ultrasound
energy applied to a respective micro-object of at least two ultrasound-

differentiable micro-objects. 1430

¥ (S

Picking from a physical set of the micro-objects at least two micro-objects having
the machine recognizable features corresponding to the encoded data set, each
micro-object of the physical set of micro-chjects is biocompatible and suitable for
implantation in a vertebrate subject, and each micro-object of the set of micro-
objects while implanted respectively returns an echo response to an applied
ulirasound energy having a maching recognizable feature differentiating the micro-
object over each other micro-object of the set of micro-objects.

* [T~ 1440

Facilitating a transfer of the picked at least two physical micro-objects to a provider
for implantation in a vertebrate subject.

| Implanting the picked at least two micro-objects encoding the data set in the |
| vertebrate subject. |

Converting the data set from a first base system to the base system of the |
conversion table. |

| Selecting an arrangement of the at least two picked micro-objects encoding the |
L data set.

{ Packaging the picked at least two physical micro-object in a container configured |
| for transportation to a provider. [
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1700 FIG. 20
\ ~
1710

Receiving respective echoes resulting from an ultrasound energy applied to at least
two ultrasound-differentiable micro-objects implanted in a vertebrate subject

{(hereafter "implanted micro-objects”).
! o

Machine-recognizing each respective micro-object of the implanted micro-objects
based upon a machine recognizable feature in the respective echoes.

¢ >~ 1730

Machine-decoding pursuant to a conversion table each respective recognized
micro-object of the implanted micro-objects into a digit of the base system of the

conversion table.
‘ /\_/ 1740

Collecting the decoded digits into a decoded data set.

# (1750

Saving the decoded data set in a computer storage media.

o ______ t __________ N\ 1760

___________________________ & “_‘“_‘“_““_‘“_‘“_‘“_“_“_“_* _;_;/ 1770

r |
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READING ULTRASOUND-DIFFERENTIABLE
MICRO-OBJECTS IMPLANTED IN A
VERTEBRATE SUBJECT AND HAVING A
SPATIAL FORMAT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is related to and claims the
benefit of the earliest available effective filing date(s) from
the following listed application(s) (the “Related Applica-
tions™) (e.g., claims earliest available priority dates for other
than provisional patent applications or claims benefits under
35 USC §119(e) for provisional patent applications, for any
and all parent, grandparent, great-grandparent, etc. applica-
tions of the Related Application(s)).

RELATED APPLICATIONS

[0002] For the purposes of the USPTO extra-statutory
requirement, the present application constitutes a continua-
tion in part of U.S. patent application No. , entitled
BIOCOMPATIBLE AND ULTRASOUND-DIFFEREN-
TIABLE MICRO-OBJECTS SUITABLE FOR IMPLAN-
TATION IN A VERTEBRATE SUBJECT, naming Roderick
A. Hyde, Jordin T. Kare, and Eric c. Leuthardt, as inventors,
filed Aug. 31, 2012, which is currently co-pending, or is an
application of which a currently co-pending application is
entitled to the benefit of the filing date.

[0003] For the purposes of the USPTO extra-statutory
requirement, the present application constitutes a continua-
tion in part of U.S. patent application No. , entitled
IMPLANTATION OF A SPATTIALLY FORMATTED AND
ULTRASOUND-DIFFERENTIABLE MICRO-OBIJECTS
IN A VERTEBRATE SUBJECT, naming Roderick A. Hyde,
Jordin T. Kare, and Eric c. Leuthardt, as inventors, filed Aug.
31, 2012, which is currently co-pending, or is an application
of which a currently co-pending application is entitled to the
benefit of the filing date.

[0004] For the purposes of the USPTO extra-statutory
requirement, the present application constitutes a continua-
tion in part of U.S. patent application No. , entitled
IMPLANTATION OF  ULTRASOUND-DIFFEREN-
TIABLE MICRO-OBJECTS ENCODING DATA IN A
VERTEBRATE SUBJECT, naming Roderick A. Hyde, Jor-
din T. Kare, and Eric c. Leuthardt, as inventors, filed Aug. 31,
2012, which is currently co-pending, or is an application of
which a currently co-pending application is entitled to the
benefit of the filing date.

[0005] For the purposes of the USPTO extra-statutory
requirement, the present application constitutes a continua-
tion in part of U.S. patent application No. , entitled
READING ULTRASOUND-DIFFERENTIABLE MICRO-
OBJECTS ENCODING DATA AND IMPLANTED IN A
VERTEBRATE SUBJECT, naming Roderick A. Hyde, Jor-
din T. Kare, and Eric c. Leuthardt, as inventors, filed Aug. 31,
2012, which is currently co-pending, or is an application of
which a currently co-pending application is entitled to the
benefit of the filing date.

[0006] The United States Patent Office (USPTO) has pub-
lished a notice to the effect that the USPTO’s computer pro-
grams require that patent applicants reference both a serial
number and indicate whether an application is a continuation
or continuation-in-part. Stephen G. Kunin, Benefit of Prior-
Filed Application, USPTO Official Gazette Mar. 18, 2003.
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The present Applicant Entity (hereinafter “Applicant™) has
provided above a specific reference to the application(s) from
which priority is being claimed as recited by statute. Appli-
cant understands that the statute is unambiguous in its specific
reference language and does not require either a serial number
or any characterization, such as “continuation” or “continu-
ation-in-part,” for claiming priority to U.S. patent applica-
tions. Notwithstanding the foregoing, Applicant understands
that the USPTO’s computer programs have certain data entry
requirements, and hence Applicant is designating the present
application as a continuation-in-part of its parent applications
as set forth above, but expressly points out that such designa-
tions are not to be construed in any way as any type of
commentary or admission as to whether or not the present
application contains any new matter in addition to the matter
of its parent application(s).

[0007] Allsubject matter of the Related Applications and of
any and all parent, grandparent, great-grandparent, etc. appli-
cations of the Related Applications is incorporated herein by
reference to the extent that such subject matter is not incon-
sistent herewith.

SUMMARY

[0008] For example, and without limitation, an embodi-
ment of the subject matter described herein includes a system.
The system includes a receiver circuit configured to receive
respective echoes resulting from an ultrasound energy
applied to at least two ultrasound-differentiable micro-ob-
jects implanted in a vertebrate subject in accordance with an
implantable media format (hereafter “implanted micro-ob-
jects”). The system includes a format decoding circuit con-
figured to 1dentify the respective implantation region of the
implantable media format occupied by each micro-object of
the implanted micro-objects based on their respective echoes.
The system includes a micro-object recognition circuit con-
figured to recoguize each micro-object of the implanted
micro-objects based upon a machine recognizable feature in
the respective echoes. The system includes a micro-object
decoder circuit configured to respectively decode each rec-
ognized micro-object of the two implanted micro-objects into
a unit of information pursuant to the identified implantation
region of the recognized micro-object and a conversion table.
The system includes an aggregator circuit configured to col-
lect the decoded units of information into a decoded informa-
tion set. The system includes a computer storage media con-
figured to save the decoded information set.

[0009] In an embodiment, the system includes a position
circuit configured to determine the respective spatial position
of each micro-object of the implanted micro-objects based on
the respective received echo. In an embodiment, the system
includes a format decoding circuit configured to identify the
respective implantation region of the implantable media for-
mat occupied by each micro-object of the implanted micro-
objects based at least partially on the determined respective
spatial position of each micro-object. In an embodiment, the
system includes an ultrasound transmitter configured to apply
the ultrasound energy to the at least two ultrasound-differen-
tiable micro-objects implanted in the vertebrate subject. In an
embodiment, the system includes a communication circuit
configured to output the decoded information set.

[0010] For example, and without limitation, an embodi-
ment of the subject matter described herein includes a
method. The method includes receiving respective echoes
resulting from an ultrasound energy applied to at least two
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ultrasound-differentiable micro-objects implanted in a verte-
brate subject in accordance with an implantable media format
(hereafter “implanted micro-objects™). The method includes
machine identifying the respective implantation region of the
implantable media format occupied by each micro-object of
the implanted micro-objects based on their respective echoes.
The method includes machine recognizing each micro-object
of the implanted micro-objects based upon a machine recog-
nizable feature in the respective echoes. Fach micro-object of
the implanted micro-objects respectively returning an echo
response to an applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other micro-object of the implanted micro-objects. The
method includes machine decoding each recognized micro-
object of the implanted micro-objects into a unit of informa-
tion pursuant to the identified implantation region of the
recognized micro-object and a conversion table. The method
includes collecting the decoded units of information into a
decoded information set. The method includes saving the
decoded information set in a computer storage media. In an
embodiment, the method includes determining the respective
spatial position of each micro-object of the implanted micro-
objects based on the respective received echoes.

[0011] For example, and without limitation, an embodi-
ment of the subject matter described herein includes a com-
puter program product. The computer program product
includes computer-readable media bearing the program
instructions. The program instructions which, when executed
by a processor of a computing device, cause the computing
device to perform a process. The process includes receiving
respective echoes resulting from an ultrasound energy
applied to at least two ultrasound-differentiable micro-ob-
jects implanted in a vertebrate subject in accordance with an
implantable media format (hereafter “implanted micro-ob-
jects”). The process includes identifying the respective
implantation region of the implantable media format occu-
pied by each micro-object of the at least two implanted micro-
objects based on their received respective echoes. The pro-
cess includes recognizing each micro-object of the implanted
micro-objects based upon a machine recognizable feature in
the respective echoes. Each micro-object of the implanted
micro-objects respectively returning an echo response to an
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other
micro-object of the implanted micro-objects. The process
includes decoding each recognized micro-object of the
implanted micro-objects into a unit of information pursuant
to the identified implantation region of the recognized micro-
object and a conversion table. The process includes collecting
the decoded units of information into a decoded information
set. The process includes saving the decoded information set
in a computer storage media. In an embodiment, the process
includes determining the respective spatial position of each
micro-object of the implanted micro-objects based on the
respective received echoes.

[0012] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates an example embodiment of a thin
computing device 19 in which embodiments may be imple-
mented;

[0014] FIG. 2 illustrates an example embodiment of a gen-
eral-purpose computing system 100 in which embodiments
may be implemented,

[0015] FIG. 3 illustrates an example environment 300;
[0016] FIG. 4 illustrates an example environment 400;
[0017] FIG. 5 illustrates an example of information units

correlated with respect to machine recognizable features by
the conversion table 420;

[0018] FIG. 6 illustrates an environment 500;
[0019] FIG. 7 illustrates an environment 600,
[0020] FIG. 8 illustrates an example operational flow 700,
[0021] FIG. 9 illustrates alternative embodiments of the

operational flow 700 described in conjunction with FIG. 8;

[0022] FIG. 10 illustrates an example operational flow 800,
[0023] FIG. 11 illustrates an example environment 900;
[0024] FIG. 12 illustrates an example environment 1000;
[0025] FIG. 13 illustrates an example operational flow
1100;

[0026] FIG. 14 illustrates an example computer program
product 1200,

[0027] FIG. 15 illustrates an environment 1300,

[0028] FIG. 16 illustrates an example operational flow
1400;

[0029] FIG. 17 illustrates an alternative embodiment of the

operational flow 1400 of FIG. 16;

[0030] FIG. 18 illustrates an example environment 1500;
[0031] FIG. 19 illustrates an example environment 1600;
[0032] FIG. 20 illustrates an example operational flow
1700;

[0033] FIG. 21 illustrates an example computer program

product 1800; and

[0034] FIG. 22 illustrates example micro-objects.
DETAILED DESCRIPTION
[0035] In the following detailed description, reference is

made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrated embodiments described in the detailed description,
drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

[0036] Those having skill in the art will recognize that the
state of the art has progressed to the point where there is little
distinction left between hardware, software, and/or firmware
implementations of aspects of systems; the use of hardware,
software, and/or firmware is generally (but not always, in that
in certain contexts the choice between hardware and software
can become significant) a design choice representing cost vs.
efficiency tradeoffs. Those having skill in the art will appre-
ciate that there are various vehicles by which processes and/or
systems and/or other technologies described herein can be
effected (e.g., hardware, software, and/or firmware), and that
the preferred vehicle will vary with the context in which the
processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that
speed and accuracy are paramount, the implementer may opt
for a mainly hardware and/or firmware vehicle; alternatively,
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if flexibility is paramount, the implementer may opt for a
mainly software implementation; or, yet again alternatively,
the implementer may opt for some combination of hardware,
software, and/or firmware. Hence, there are several possible
vehicles by which the processes and/or devices and/or other
technologies described herein may be effected, none of which
is inherently superior to the other in that any vehicle to be
utilized is a choice dependent upon the context in which the
vehicle will be deploved and the specific concerns (e.g.,
speed. flexibility, or predictability) of the implementer, any of
which may vary. Those skilled in the art will recognize that
optical aspects of implementations will typically employ
optically-oriented hardware, software, and or firmware.

[0037] In some implementations described herein, logic
and similar implementations may include software or other
control structures suitable to implement an operation. Elec-
tronic circuitry, for example, may manifest one or more paths
of electrical current constructed and arranged to implement
various logic functions as described herein. In some imple-
mentations, one or more media are configured to bear a
device-detectable implementation if such media holds or
transmits a special-purpose device instruction set operable to
perform as described herein. In some variants, for example,
this may manifest as an update or other modification of exist-
ing software or firmware, or of gate arrays or other program-
mable hardware, such as by performing a reception of or a
transmission of one or more instructions in relation to one or
more operations described herein. Alternatively or addition-
ally, in some variants, an implementation may include spe-
cial-purpose hardware, software, firmware components, and/
or general-purpose components executing or otherwise
invoking special-purpose components. Specifications or
other implementations may be transmitted by one or more
instances of tangible transmission media as described herein,
optionally by packet transmission or otherwise by passing
through distributed media at various times.

[0038] Alternatively or additionally, implementations may
include executing a special-purpose instruction sequence or
otherwise invoking circuitry for enabling, triggering, coordi-
nating, requesting, or otherwise causing one or more occur-
rences of any functional operations described below. In some
variants, operational or other logical descriptions herein may
be expressed directly as source code and compiled or other-
wise invoked as an executable instruction sequence. In some
contexts, for example, C++ or other code sequences can be
compiled directly or otherwise implemented in high-level
descriptor languages (e.g., a logic-synthesizable language, a
hardware description language, a hardware design simula-
tion, and/or other such similar mode(s) of expression). Alter-
natively or additionally, some or all of the logical expression
may be manifested as a Verilog-type hardware description or
other circuitry model before physical implementation in
hardware, especially for basic operations or timing-critical
applications. Those skilled in the art will recognize how to
obtain, configure, and optimize suitable transmission or com-
putational elements, material supplies, actuators, or other
common structures in light of these teachings.

[0039] In a general sense, those skilled in the art will rec-
ognize that the various embodiments described herein can be
implemented, individually and/or collectively, by various
types of electro-mechanical systems having a wide range of
electrical components such as hardware, software, firmware,
and/or virtually any combination thereof and a wide range of
components that may impart mechanical force or motion such
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as rigid bodies, spring or torsional bodies, hydraulics, electro-
magnetically actuated devices, and/or virtually any combina-
tion thereof. Consequently, as used herein “electro-mechani-
cal system” includes, but is not limited to, electrical circuitry
operably coupled with a transducer (e.g., an actuator, a motor,
a piezoelectric crystal, a Micro Electro Mechanical System
(MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one inte-
grated circuit, electrical circuitry having at least one applica-
tion specific integrated circuit, electrical circuitry forming a
general purpose computing device configured by a computer
program (e.g., a general purpose computer configured by a
computer program which at least partially carries out pro-
cesses and/or devices described herein, or a microprocessor
configured by a computer program which at least partially
carries out processes and/or devices described herein), elec-
trical circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)), electri-
cal circuitry forming a communications device (e.g., a
modem, module, communications switch, optical-electrical
equipment, etc.), and/or any non-electrical analog thereto,
such as optical or other analogs. Those skilled in the art will
also appreciate that examples of electro-mechanical systems
include but are not limited to a variety of consumer electron-
ics systems, medical devices, as well as other systems such as
motorized transport systems, factory automation systems,
security systems, and/or communication/computing systems.
Those skilled in the art will recognize that electro-mechani-
cal, as used herein, is not necessarily limited to a system that
has both electrical and mechanical actuation except as context
may dictate otherwise.

[0040] In a general sense, those skilled in the art will also
recognize that the various aspects described herein which can
be implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, and/or any combina-
tion thereof can be viewed as being composed of various
types of “electrical circuitry.” Consequently, as used herein
“electrical circuitry” includes, but is not limited to, electrical
circuitry having at least one discrete electrical circuit, elec-
trical circuitry having at least one integrated circuit, electrical
circuitry having at least one application specific integrated
circuit, electrical circuitry forming a general purpose com-
puting device configured by a computer program (e.g., a
general purpose computer configured by a computer program
which at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a com-
puter program which at least partially carries out processes
and/or devices described herein), electrical circuitry forming
a memory device (e.g., forms of memory (e.g., random
access, flash, read only, etc.)), and/or electrical circuitry
forming a communications device (e.g., a modem, commu-
nications switch, optical-electrical equipment, etc.). Those
having skill in the art will recognize that the subject matter
described herein may be implemented in an analog or digital
fashion or some combination thereof.

[0041] Those skilled in the art will further recognize that at
least a portion of the devices and/or processes described
herein can be integrated into an image processing system. A
typical image processing system may generally include one
or more of a system unit housing, a video display device,
memory such as volatile or non-volatile memory, processors
such as microprocessors or digital signal processors, compu-
tational entities such as operating systems, drivers, applica-
tions programs, one or more interaction devices (e.g., a touch
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pad, atouch screen, an antenna, etc.), control systems includ-
ing feedback loops and control motors (e.g., feedback for
sensing lens position and/or velocity; control motors for mov-
ing/distorting lenses to give desired focuses). An image pro-
cessing system may be implemented utilizing suitable com-
mercially available components, such as those typically
found in digital still systems and/or digital motion systems.

[0042] Those skilled in the art will likewise recognize that
at least some of the devices and/or processes described herein
can be integrated into a data processing system. Those having
skill in the art will recognize that a data processing system
generally includes one or more of a system unit housing, a
video display device, memory such as volatile or non-volatile
memory, processors such as microprocessors or digital signal
processors, computational entities such as operating systems,
drivers, graphical user interfaces, and applications programs,
one or more interaction devices (e.g., a touch pad, a touch
screen, an antenna, etc.), and/or control systems including
feedback loops and control motors (e.g., feedback for sensing
position and/or velocity; control motors for moving and/or
adjusting components and/or quantities). A data processing
system may be implemented utilizing suitable commercially
available components, such as those typically found in data
computing/communication and/or network computing/com-
munication systems.

[0043] FIGS. 1 and 2 provide respective general descrip-
tions of several environments in which implementations may
be implemented. FIG. 1 is generally directed toward a thin
computing environment 19 having a thin computing device
20, and FIG. 2 is generally directed toward a general purpose
computing environment 100 having general purpose comput-
ing device 110. However, as prices of computer components
drop and as capacity and speeds increase, there is not always
a bright line between a thin computing device and a general
purpose computing device. Further, there is a continuous
stream of new ideas and applications for environments ben-
efited by use of computing power. As a result, nothing should
be construed to limit disclosed subject matter herein to a
specific computing environment unless limited by express
language.

[0044] FIG. 1 and the following discussion are intended to
provide a brief, general description of a thin computing envi-
ronment 19 in which embodiments may be implemented.
FIG. 1 illustrates an example system that includes a thin
computing device 20, which may be included or embedded in
an electronic device that also includes a device functional
element 50. For example, the electronic device may include
any item having electrical or electronic components playing a
role in a functionality of the item, such as for example, a
refrigerator, a car, a digital image acquisition device, a cam-
era, a cable modem, a printer, an ultrasound device, an x-ray
machine, a non-invasive imaging device, or an airplane. For
example, the electronic device may include any item that
interfaces with or controls a functional element of the item. In
another example, the thin computing device may be included
in an implantable medical apparatus or device. In a further
example, the thin computing device may be operable to com-
municate with an implantable or implanted medical appara-
tus. For example, a thin computing device may include a
computing device having limited resources or limited pro-
cessing capability, such as a limited resource computing
device, a wireless communication device, a mobile wireless
communication device, a smart phone, an electronic pen, a
handheld electronic writing device, a scannet, a cell phone, a
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smart phone (such as an Android® or iPhone® based device),
atablet device (such as an iPad®), or a Blackberry® device.
For example, a thin computing device may include a thin
client device or a mobile thin client device, such as a smart
phone, tablet, notebook, or desktop hardware configured to
function in a virtualized environment.

[0045] The thin computing device 20 includes a processing
unit 21, a system memory 22, and a system bus 23 that couples
various system components including the system memory 22
to the processing unit 21. The system bus 23 may be any of
several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using any
ofavariety of bus architectures. The system memory includes
read-only memory (ROM) 24 and random access memory
(RAM) 25. A basic input/output system (BIOS) 26, contain-
ing the basic routines that help to transfer information
between sub-components within the thin computing device
20, such as during start-up, is stored in the ROM 24. A number
of program modules may be stored in the ROM 24 or RAM
25, including an operating system 28, one or more application
programs 29, other program modules 30 and program data 31.
[0046] A user may enter commands and information into
the computing device 20 through one or more input inter-
faces. An input interface may include a touch-sensitive dis-
play, or one or more switches or buttons with suitable input
detection circuitry. A touch-sensitive display is illustrated as
a display 32 and screen input detector 33. One or more
switches or buttons are illustrated as hardware buttons 44
connected to the system via a hardware button interface 45.
The output circuitry of the touch-sensitive display 32 is con-
nected to the system bus 23 via a video driver 37. Other input
devices may include a microphone 34 connected through a
suitable audio interface 35, or a physical hardware keyboard
(not shown). Output devices may include the display 32, or a
projector display 36.

[0047] In addition to the display 32, the computing device
20 may include other peripheral output devices, such as at
least one speaker 38. Other external input or output devices
39, such as a joystick, game pad, satellite dish, scanner or the
like may be connected to the processing unit 21 through a
USB port 40 and USB port interface 41, to the system bus 23.
Alternatively, the other external input and output devices 39
may be connected by other interfaces, such as a parallel port,
game port or other port. The computing device 20 may further
include or be capable of connecting to a flash card memory
(not shown) through an appropriate connection port (not
shown). The computing device 20 may further include or be
capable of connecting with a network through a network port
42 and network interface 43, and through wireless port 46 and
corresponding wireless interface 47 may be provided to
facilitate communication with other peripheral devices,
including other computers, printers, and so on (not shown). It
will be appreciated that the various components and connec-
tions shown are examples and other components and means
of establishing communication links may be used.

[0048] The computing device 20 may be primarily
designed to include a user interface. The user interface may
include a character, akey-based, or another user data input via
the touch sensitive display 32. The user interface may include
using a stylus (not shown). Moreover, the user interface is not
limited to an actual touch-sensitive panel arranged for
directly receiving input, but may alternatively or in addition
respond to another input device such as the microphone 34.
For example, spoken words may be received at the micro-
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phone 34 and recognized. Alternatively, the computing
device 20 may be designed to include a user interface having
a physical keyboard (not shown).

[0049] The device functional elements 50 are typically
application specific and related to a function of the electronic
device, and are coupled with the system bus 23 through an
interface (not shown). The functional elements may typically
perform a single well-defined task with little or no user con-
figuration or setup, such as a refrigerator keeping food cold, a
cell phone connecting with an appropriate tower and trans-
ceiving voice or data information, a camera capturing and
saving an image, or communicating with an implantable
medical apparatus.

[0050] Incertaininstances, one or more elements of the thin
computing device 20 may be deemed not necessary and omit-
ted. In other instances, one or more other elements 50 may be
deemed necessary and added to the thin computing device.

[0051] FIG. 2 and the following discussion are intended to
provide a brief, general description of an environment in
which embodiments may be implemented. FIG. 2 illustrates
an example embodiment of a general-purpose computing
system in which embodiments may be implemented, shown
as a computing system environment 100. Components of the
computing system environment 100 may include, but are not
limited to, a general purpose computing device 110 having a
processor 120, a system memory 130, and a system bus 121
that couples various system components including the system
memory to the processor 120. The system bus 121 may be any
of several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard
Architecture (ISA) bus, Micro Channel Architecture (MCA)
bus, Enhanced ISA (EISA) bus, Video Electronics Standards
Association (VESA) local bus, and Peripheral Component
Interconnect (PCI) bus, also known as Mezzanine bus.

[0052] The computing system environment 100 typically
includes a variety of computer-readable media products.
Computer-readable media may include any media that can be
accessed by the computing device 110 and include both vola-
tile and nonvolatile media, removable and non-removable
media. By way of example, and not of limitation, computer-
readable media may include computer storage media. By way
of further example, and not of limitation, computer-readable
media may include a communication media.

[0053] Computer storage media includes volatile and non-
volatile, removable and non-removable media implemented
in any method or technology for storage of information such
as computer-readable instructions, data structures, program
modules, or other data. Computer storage media includes, but
is not limited to, random-access memory (RAM), read-only
memory (ROM), electrically erasable programmable read-
only memory (EEPROM), flash memory, or other memory
technology, CD-ROM, digital versatile disks (DVD), or other
optical disk storage, magnetic cassettes, magnetic tape, mag-
netic disk storage, or other magnetic storage devices, or any
other medium which can be used to store the desired infor-
mation and which can be accessed by the computing device
110. In a further embodiment, a computer storage media may
include a group of computer storage media devices. In
another embodiment, a computer storage media may include
an information store. In another embodiment, an information
store may include a quantum memory, a photonic quantum
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memory, or atomic quantum memory. Combinations ofany of
the above may also be included within the scope of computer-
readable media.

[0054] Communication media may typically embody com-
puter-readable instructions, data structures, program mod-
ules, or other data in a modulated data signal such as a carrier
wave or other transport mechanism and include any informa-
tion delivery media. The term “modulated data signal” means
a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communica-
tions media may include wired media, such as a wired net-
work and a direct-wired connection, and wireless media such
as acoustic, RF, optical, and infrared media.

[0055] The system memory 130 includes computer storage
media in the form of volatile and nonvolatile memory such as
ROM 131 and RAM 132. A RAM may include at least one of
aDRAM, an EDODRAM, a SDRAM, aRDRAM, aVRAM,
or a DDR DRAM. A basic input/output system (BIOS) 133,
containing the basic routines that help to transfer information
between elements within the computing device 110, such as
during start-up, is typically stored in ROM 131. RAM 132
typically contains data and program modules that are imme-
diately accessible to or presently being operated on by the
processor 120. By way of example, and not limitation, FIG. 2
illustrates an operating system 134, application programs
135, other program modules 136, and program data 137.
Often, the operating system 134 offers services to applica-
tions programs 135 by way of one or more application pro-
gramming interfaces (APIs) (not shown). Because the oper-
ating system 134 incorporates these services, developers of
applications programs 135 need not redevelop code to use the
services. Examples of APIs provided by operating systems
such as Microsoft’s “WINDOWS”® are well known in the
art.

[0056] The computing device 110 may also include other
removable/non-removable, volatile/nonvolatile computer
storage media products. By way of example only, FIG. 2
illustrates a non-removable non-volatile memory interface
(hard disk interface) 140 that reads from and writes for
example to non-removable, non-volatile magnetic media.
FIG. 2 also illustrates a removable non-volatile memory inter-
face 150 that, for example, is coupled to a magnetic disk drive
151 that reads from and writes to a removable, non-volatile
magnetic disk 152, or is coupled to an optical disk drive 155
that reads from and writes to aremovable, non-volatile optical
disk 156, such as a CD ROM. Other removable/non-remov-
able, volatile/non-volatile computer storage media that can be
used in the example operating environment include, but are
not limited to, magnetic tape cassettes, memory cards, flash
memory cards, DVDs, digital video tape, solid state RAM,
and solid state ROM. The hard disk drive 141 is typically
connected to the system bus 121 through a non-removable
memory interface, such as the interface 140, and magnetic
disk drive 151 and optical disk drive 155 are typically con-
nected to the system bus 121 by a removable non-volatile
memory interface, such as interface 150.

[0057] The drives and their associated computer storage
media discussed above and illustrated in FI1G. 2 provide stor-
age of computer-readable instructions, data structures, pro-
gram modules, and other data for the computing device 110.
In FIG. 2, for example, hard disk drive 141 is illustrated as
storing an operating system 144, application programs 145,
other program modules 146, and program data 147. Note that
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these components can either be the same as or different from
the operating system 134, application programs 135, other
program modules 136, and program data 137. The operating
system 144, application programs 145, other program mod-
ules 146, and program data 147 are given different numbers
here to illustrate that, at a minimum, they are different copies.
[0058] A user may enter commands and information into
the computing device 110 through input devices such as a
microphone 163, keyboard 162, and pointing device 161,
commonly referred to as a mouse, trackball, or touch pad.
Other input devices (not shown) may include at least one of'a
touch sensitive display, joystick, game pad, satellite dish, and
scanner. These and other input devices are often connected to
the processor 120 through a user input interface 160 that is
coupled to the system bus, but may be connected by other
interface and bus structures, such as a parallel port, game port,
or a universal serial bus (USB).

[0059] A display 191, such as a monitor or other type of
display device or surface may be connected to the system bus
121 via an interface, such as a video interface 190. A projector
display engine 192 that includes a projecting element may be
coupled to the system bus. In addition to the display, the
computing device 110 may also include other peripheral out-
put devices such as speakers 197 and printer 196, which may
be connected through an output peripheral interface 195.
[0060] The computing system environment 100 may oper-
ate in a networked environment using logical connections to
one or more remote computers, such as a remote computer
180. The remote computer 180 may be a personal computer,
a server, a router, a network PC, a peer device, or other
common network node, and typically includes many or all of
the elements described above relative to the computing device
110, although only a memory storage device 181 has been
illustrated in FIG. 2. The network logical connections
depicted in FIG. 2 include a local area network (LAN) and a
wide area network (WAN), and may also include other net-
works such as a personal area network (PAN) (not shown).
Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets, and the Inter-
net.

[0061] When used in a networking environment, the com-
puting system environment 100 is connected to the network
171 through a network interface, such as the network inter-
face 170, or to the network 173 through the modem 172, or
through the wireless interface 193. The network may include
a LAN network environment, or a WAN network environ-
ment, such as the Internet. In a networked environment, pro-
gram modules depicted relative to the computing device 110,
or portions thereof, may be stored in a remote memory stor-
age device. By way of example, and not limitation, FIG. 2
illustrates remote application programs 185 as residing on
memory storage device 181. It will be appreciated that the
network connections shown are examples and other means of
establishing communication link between the computers may
be used.

[0062] In certain instances, one or more elements of the
computing device 110 may be deemed not necessary and
omitted. In other instances, one or more other elements may
be deemed necessary and added to the computing device.
[0063] FIG. 3 illustrates an example environment 300 in
which embodiments may be implemented. The illustrated
environment includes a system 302 and a vertebrate subject,
illustrated with a human form 395. The system includes a set
310 of at least two biocompatible and ultrasound-differen-
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tiable micro-objects suitable for long term implantation in the
vertebrate subject. Each micro-object of the set of micro-
objects while implanted respectively returning an echo
response to an applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other micro-object of the set of micro-objects (hereafter
referred to as “set of micro-objects”). For example, an
embodiment of the set of micro-objects is illustrated for con-
venience in machine recognizable features that are also
human perceivable and recognizable. In this embodiment, the
set of micro-objects is illustrated as a star 311, a triangle 312,
asquare 313, a circle 314, and a pentagon 315. In an embodi-
ment, each micro-object of the set of micro-objects may have
a machine recognizable feature that includes any distinctive
aspect, quality, or other characteristic which may be recog-
nizable to a machine. The machine recognizable feature may
or may not be recognizable to a human. For example, in an
embodiment a machine recognizable feature may include a
color or a measurable feature such as a dimension (i.e.,
height) which is subject to or capable of being machine dif-
ferentiated or distinguishable over other micro-objects of the
set of micro-objects. For example, in an embodiment, a
machine recognizable feature may include any feature
capable of being perceived by a machine as different or dis-
tinct over other micro-objects of the set of micro-objects. For
example, in an embodiment, a machine recognizable feature
may include any feature that can provide feature differentia-
tion to a computer vision algorithm, such as for example an
algorithm employing fractal analysis, computer image differ-
entiation, point detection, edge detection, corner detection,
feature detection, blob detection, scale-invariant feature
transform, or the like. For example, in an embodiment, the
distinction or difference in the machine recognizable feature
is how the differentiation is established.

[0064] The system 302 includes a conversion table 320
correlating each digit of the conversion table base system
with a respective machine recognizable feature in an echo
response to an ultrasound energy applied to a micro-object of
the set of micro-objects. For example, the conversion table
illustrates a base five system with respect to the five ultra-
sound-differentiable micro-objects of the set of micro-objects
310. FIG. 3 illustrates an example embodiment where the star
311 correlates with zero of a base five system. Further, the
triangle 312 correlates with one, the square 313 correlates
with two, the circle 314 correlates with three, and the penta-
gon 315 correlates with four of the base five system. The
conversion 330 provides an example of the base ten number
12754 converted to the base five system of the conversion
table and correlated to the set of micro-objects by the conver-
sion table.

[0065] In an embodiment, “ultrasound” applies to sound
waves with a frequency above the audible range of normal
human hearing, about 20 kHz. For example, frequencies used
in imaging ultrasound are typically between 2 and 20 MHz.
For example, higher frequencies may be used, such as 50-100
MHz, or higher. These higher frequencies may be used
depending on the needs or parameters of a situation, for
example for better resolution, or where the material being
examined is relatively close to the surface of the vertebrate
subject 395.

[0066] In an embodiment, the micro-objects are passive
biocompatible and ultrasound-differentiable micro-objects.

[0067] In an embodiment, the vertebrate subject 395
includes a human, animal, or fish. In an embodiment, the set
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of micro-objects are suitable for implantation in the skin of a
vertebrate subject. For example, in the dermis or epidermis
layers of the skin. [n an embodiment, the set of micro-objects
are suitable for implantation in the skin of a vertebrate subject
using a tattoo-type technique. In an embodiment, the set of
micro-objects are suitable for implantation in subcutis tissue
of a vertebrate subject. In an embodiment, the set of micro-
objects are suitable for implantation in adipose tissue of a
vertebrate subject. Inan embodiment, the set of micro-objects
are suitable for implantationin muscular tissue of a vertebrate
subject. In an embodiment, the set of micro-objects are suit-
able for implantation in organ tissue of a vertebrate subject. In
an embodiment, the set of micro-objects while implanted in
the skin are not visible to the unaided human eye in ambient
light. In an embodiment, the set of micro-objects while
implanted in the skin are visible to the unaided human eye in
ambient light.

[0068] In an embodiment, the applied ultrasound energy
includes a frequency or frequency range. For example, the
frequency or frequency range may be selected as a function of
type of tissue in which micro-objects are implanted, depth of
implantation, or the size of micro-objects. In an embodiment,
the applied ultrasound energy includes a first frequency or
frequency range, and a second frequency or frequency range.
In an embodiment, the applied ultrasound energy includes a
duration, such as a duration of a pulse, or each pulse of aseries
of pulses.

[0069] In an embodiment, the machine recognizable fea-
ture includes a machine recognizable pattern. For example,
the machine recognizable feature may provide a machine
detectable feature, which the machine may then recognize. In
an embodiment, the machine recognizable feature includes a
machine recognizable pattern not visible to the unaided
human eye. In an embodiment, the machine recognizable
feature includes a machine recognizable shape. In an embodi-
ment, the machine recognizable shape includes a substan-
tially rectangular shape. In an embodiment, the machine rec-
ognizable shape includes a substantially round shape. In an
embodiment, the machine recognizable shape includes a sub-
stantially triangular shape. In an embodiment, the machine
recognizable feature in an echo response of a micro-object to
an applied ultrasound energy includes a machine recogniz-
able contrast. In an embodiment, the machine recognizable
feature includes a machine recognizable three-dimensional
pattern. In an embodiment, the machine recognizable feature
includes a machine recognizable aspect, pattern, quality, or
characteristic. In an embodiment, the machine recognizable
feature includes a machine recognizable signature differenti-
ating the micro-object over each other micro-object of the set
of at least two ultrasound-differentiable micro-objects. In an
embodiment, the machine recognizable feature includes a
first machine recognizable feature in a first echo response to
a first applied ultrasound energy at a first frequency and a
second recognizable feature in a second echo response to a
second applied ultrasound energy at a second frequency. For
example, the first applied ultrasound energy may include
ultrasound energy at a first frequency and the second applied
ultrasound energy may include ultrasound energy at a second
frequency. For example, the first applied ultrasound energy
may include ultrasound energy at a first power level and the
second applied ultrasound energy may include the ultrasound
energy at a second power level. For example, the first applied
ultrasound energy may include ultrasound energy at a first
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waveform and the second applied ultrasound energy may
include ultrasound energy at a second waveform.

[0070] In an embodiment, the machine recognizable fea-
ture for each micro-object of the collection includes at least
two machine recognizable internal features for each micro-
object. In an embodiment, the machine recognizable feature
in an echo response includes a first recognizable feature in a
first echo response to a first applied ultrasound energy at a first
frequency and a second recognizable feature in a second echo
response to a second applied ultrasound energy at a second
frequency.

[0071] Inan embodiment, the set of micro-objects is struc-
tured to be rendered permanently undifferentiable by appli-
cation of another energy. For example, the micro-objects of
the set of micro-objects may be fluid filled and structured to
leak or burst in response to a burst of microwave energy.
[0072] In an embodiment, the conversion table 320
includes a specification of an aspect of the ultrasound energy.
For example, an aspect of the ultrasound energy may include
a frequency, power level, duration, or polarization. In an
embodiment, the conversion table includes a specification of
a first aspect of the ultrasound energy and a second aspect of
the ultrasound energy. In an embodiment, the conversion
table is commonly accepted by a de facto group of users. In an
embodiment, the conversion table is commonly accepted by a
de facto group of human users or computer program users. In
an embodiment, the conversion table is commonly accepted
by a de jure group of users. For example, a de jure group of
users may include a recognized standard. For example, rec-
ognized standard may include a standard recognized by a
standards board.

[0073] Inan embodiment, the system 302 includes a pack-
aging material (not illustrated) carrying the set of micro-
objects and the conversion table. For example, the packaging
material may include an end consumer box carrying the set of
micro-objects and computer readable medium storing the
conversion table.

[0074] FIG. 4illustrates an example environment 400. The
example environment includes the vertebrate subject 395 and
a system 402. The system includes a set 410 of at least two
biocompatible and ultrasound-differentiable micro-objects
suitable for long term implantation in the vertebrate subject.
Bach micro-object of the set of micro-objects while
implanted respectively returning an echo response to an
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other
micro-object of the set of micro-objects (hereafter “set of
micro-objects”).

[0075] The system 402 includes an implantable media for-
mat 430. The implantable media format includes a spatial
arrangement of at least two regions. For example, each region
of the at least two regions respectively mapped for a possible
implantation of at least one micro-object of the set of micro-
objects. The at least two regions are illustrated as regions A-F.
[0076] The system 402 includes a conversion table 420
correlating units of information with respect to machine rec-
ognizable features in echo responses to an ultrasound energy
applied to at least two implanted micro-objects of the set of
micro-objects. FIG. 6 infra illustrates an embodiment of the
conversion table 420, shown as a conversion table 520. Con-
version table 520 illustrates correlating digits 0-4 with respect
to machine recognizable features in echo responses to an
ultrasound energy applied to at least two implanted micro-
objects of a set of micro-objects 510. FIG. 4 illustrates an
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embodiment of the conversion table 420, which includes a
respective conversion sub-table assigned to each region of the
at least two regions. Conversion table 420 is illustrated as
including a conversion sub-table 420.1 assigned to region A,
a conversion sub-table 420.2 assigned to region B, and a
conversion sub-table 420.3 assigned to region C. Each
regional conversion sub-table respectfully correlating for its
region a particular unit of information with a machine recog-
nizable feature in an echo response to an ultrasound energy
applied to a particular implanted micro-object of the set
micro-objects. In an embodiment, for example, the triangle
shapeinregion A correlates the “unit of information” with the
use of conversion protocol 101 to encode the units of infor-
mation. For example, the triangle shape in region B correlates
the “unitofinformation” with age equals 11-20 years, and the
triangle shape in region C correlates the “unit of information”
with citizenship equals Canadian citizen in region C.

[0077] FIG. 5 illustrates an example of information units
correlated with respect to machine recognizable features by
the conversion table 420. The conversion table includes sub-
table 420.1, sub-table 420.2, and sub-table 420.3. The star
shape in region A correlates with using conversion protocol
101. Then applying the conversion protocol to the remaining
regions, the machine recognizable pentagon shape in region
B correlates with the “unit of information” age equals 41+
years pursuant to sub-table 420.2, and the machine recogniz-
able square shape in region C correlates with the “unit of
information” age equals citizen of Great Britain.

[0078] Returning to FIG. 4, in an embodiment, the spatial
arrangement includes a fixed or a dynamically assigned spa-
tial arrangement. In an embodiment, each region of the at
least two regions is assigned a respective position in the
spatial arrangement. In an embodiment, each region of the at
least two regions is assigned a respective subject matter or
attribute. In an embodiment, each region of the at least two
regions is sized to be populated by at least one micro-object of
the set of at least two ultrasound-differentiable micro-objects.
[0079] In an embodiment, the machine recognizable fea-
ture includes a machine recognizable aspect, pattern, quality,
or characteristic. In an embodiment, the machine recogniz-
able feature includes a machine recognizable scattering. In an
embodiment, the machine recognizable scattering includes
an absorption, transmissivity, or nonlinear response.

[0080] In an embodiment, the nonlinear response includes
a frequency change or a quality factor. In an embodiment, the
machine recognizable scattering includes a reflectivity, angu-
lar, phase, or polarization response. In an embodiment, the
machine recognizable feature depends on ultrasound energy
characteristics. In an embodiment, the ultrasound energy
characteristics include frequency, polarization, intensity, or
pulse width. In an embodiment, the machine recognizable
feature includes a machine recognizable aspect, pattern, qual-
ity, or characteristic that is also recognizable to the unaided
human eye. In an embodiment, the machine recognizable
feature in an echo response includes a first recognizable fea-
ture in a first echo response to a first applied ultrasound
energy and a second recognizable feature in a second echo
response to a second applied ultrasound energy.

[0081] In an embodiment, each subset of the at least two
subsets is respectively assigned a region of the at least two
regions by the implantable media format 430. In an embodi-
ment, each subset of the at least two subsets is respectively
assigned a region of the at least two regions by the conversion
table 420.
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[0082] FIG. 6 illustrates an environment 500. The environ-
ment includes the vertebrate subject 395 and a system 502.
The system includes a set of ultrasound differentiable micro-
objects 510, the conversion table 520, and an implantable
media format 530. The set of micro-objects 510 includes at
least two biocompatible and ultrasound-differentiable micro-
objects suitable for long term implantation in a vertebrate
subject. Each micro-object of the set of micro-objects while
implanted respectively returning an echo response to an
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other
micro-object of the set of micro-objects. The implantable
media format includes a spatial arrangement of at least two
regions, each region of the at least two regions is respectively
mapped for a possible implantation of at least one micro-
object of the set of micro-objects. The conversion table 520
correlates each digit ofthe conversion table base system with
a machine recognizable feature in an echo response to an
ultrasound energy applied to each implanted micro-objects of
the set of micro-objects.

[0083] Returning to FIG. 3, an alternative embodiment of
the system 302 includes a set 310 of at least two biocompat-
ible and ultrasound-differentiable micro-objects suitable for
implantation in a human. Each micro-object of the set of at
least two ultrasound-differentiable micro-objects while
implanted respectively returns an echo response to an applied
ultrasound energy having a machine recognizable feature
differentiating the micro-object over each other micro-object
of the set of at least two micro-objects.

[0084] FIG. 7 illustrates an environment 600 that includes
the vertebrate subject 395 and a system 602. The system
includes an implantable media format 630 that includes a
spatial arrangement of at least two regions, illustrated as
regions A-F. Each region of the at least two regions is respec-
tively mapped for possible implantation of at least one micro-
object of a set of micro-objects 610. For example, in an
embodiment, the set of micro-objects may be similar to the set
of micro-objects 310 of FIG. 3. The system includes a con-
version table 620 correlating units of information with
respect to machine recognizable features in echo responses to
an ultrasound energy applied to at least two implanted micro-
objects of the set of micro-objects. The conversion table
includes a respective conversion sub-table assigned to each
region of the at least two regions of implantable media format
630. For example, the conversion sub-tables may be illus-
trated by the conversion sub-tables of conversion table 420 of
FIG. 4, which include the conversion sub-table 420.1
assigned to region A, the conversion sub-table 420.2 assigned
to region B, and the conversion sub-table 420.3 assigned to
region C. Fach regional conversion sub-table respectfully
correlating for its region a particular unit of information with
a machine recognizable feature in an echo response to an
ultrasound energy applied to a particular implanted micro-
object of the set micro-objects 610.

[0085] The system 602 includes an encoding apparatus 640
configured to encode a data set into machine-recognizable
features of at least two micro-objects of the set of micro-
objects 610 pursuant to the implantable media format 630 and
the conversion table 620. The system includes a selector
apparatus 650 configured to pick from a physical set of the
micro-objects at least two micro-objects having the respec-
tive machine recognizable features corresponding to the
encoded data set. Each micro-object of the physical set of
micro-objects is biocompatible and suitable for implantation
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in the vertebrate subject 395. Each micro-object of the set of
micro-objects while implanted respectively returns an echo
response to an applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other micro-object of the set of micro-objects. In an
embodiment, each micro-object of the physical set of micro-
objects is biocompatible and suitable for long term implan-
tation in the vertebrate subject. For example, long term
implantation may include at least 6 months. For example,
long term implantation may include at least 12 months. For
example, long term implantation may include at least 5 years.
[0086] In an embodiment, each region of the at least two
regions of the implantable media format 630 is assigned a
respective position in the spatial arrangement. In an embodi-
ment, each region of the at least two regions of the implant-
able media format respectfully represent a category of the
data set. For example, a category may include a class, classi-
fication, attribute, or association of the data set. In an embodi-
ment, each region of the at least two regions of the implant-
able media format are assigned a respective subject matter of
micro-objects populating each region of the at least two
regions. In an embodiment, each region of the at least two
regions of the implantable media format are dimensioned to
be populated by at least one micro-object of a set of at least
two ultrasound-differentiable micro-objects.

[0087] In an embodiment, the encoding apparatus 640 is
configured to encode a data set into at least two subsets of
encoded data, the at least two subsets of encoded data corre-
sponding to at least two categories of data specified by the
implantable media format 630. In an embodiment, the micro-
objects are physically picked by the selector apparatus 650
from the physical set of micro-objects 610, and include at
least one micro-object from a respective subset of the set of
micro-objects assigned to each region of the at least two
regions mapped by the implantable media format. In an
embodiment, while implanted, each micro-object of the
physical set micro-objects respectively returns an echo
response to an applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other micro-object of the physical set of micro-objects.
[0088] In an embodiment, the system 602 includes an
implant apparatus 660 configured to implant the picked at
least two micro-objects encoding the data set into a particular
vertebrate subject according to the implantable media format
630. In an embodiment, the system includes a packaging
apparatus 670 configured to package the picked at least two
micro-objects encoding the data set. In an alternative embodi-
ment, the packaging apparatus is configured to package the
picked at least two micro-objects encoding the data set and a
written description of the data set. In an embodiment, the
system includes a computer storage media 680 storing data
indicative of the implantable media format. In an embodi-
ment, the system includes a computer storage media storing
data indicative of the conversion table 620.

[0089] FIG. 8 illustrates an example operational flow 700.
After a start operation, the operational flow includes an
encoding operation 710. The encoding operation includes
encoding a data set into machine-recognizable features of at
least two micro-objects of a set of micro-objects pursuant to
an implantable media format and a conversion table. The
implantable media format includes a spatial arrangement of at
least two regions, each region of the at least two regions
respectively mapped for possible implantation of at least one
micro-object of the set of micro-objects. The conversion table
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correlating units of information with respect to machine rec-
ognizable features in echo responses to an ultrasound energy
applied to at least two implanted micro-objects of the set of
micro-objects. The conversion table includes a respective
conversion sub-table assigned to each region of the at least
two regions, Each conversion sub-table respectfully correlat-
ing for its region a particular unit of information with a
machine recognizable feature in an echo response to an ultra-
sound energy applied to a particular implanted micro-object
of the set micro-objects. In an embodiment, the encoding
operation may be implemented using the encoding apparatus
640 described in conjunction with FIG. 7.

[0090] A gathering operation 720 includes picking from a
physical set of the micro-objects at least two physical micro-
objects having the respective machine recognizable features
corresponding to the encoded data set. The physical set of
micro-objects is suitable for implantation in a vertebrate sub-
ject. Each micro-object of the set of micro-objects while
implanted respectively returning an echo response to an
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other
micro-object of the set of micro-objects. For example, the
physical set of micro-objects may include a physical set of the
micro-objects 310 described in conjunction with FIG. 3. Inan
embodiment, the gathering operation may be implemented
using the selector apparatus 650 described in conjunction
with FIG. 7. A providing operation 730 includes facilitating a
transfer of the picked at least two physical micro-objects to a
provider for implantation in a vertebrate subject. In an
embodiment, the providing operation may be implemented
using the packaging apparatus 670 described in conjunction
with FIG. 7. The operational flow includes an end operation.

[0091] FIG. 9 illustrates alternative embodiments of the
operational flow 700 described in conjunction with FIG. 8. In
an embodiment, the operation flow may include an operation
750 or an operation 760. The operation 750 includes packag-
ing the picked at least two physical micro-objects in a con-
tainer suitable for transportation to the provider. In an
embodiment, the operation 750 includes packaging the
picked at least two physical micro-objects and a written
description of the data setin the container. The operation 760
includes receiving the picked at least two physical micro-
objects, and implanting the picked at least two micro-objects
into a particular vertebrate subject according to the implant-
able media format.

[0092] FIG. 10 illustrates an example operational flow 800.
After a start operation, the operational flow includes a recep-
tion operation 810. The reception operation includes receiv-
ing at least two physical micro-objects having machine rec-
ognizable features corresponding to an encoded data set. The
received at least two physical micro-objects are suitable for
implantation in a vertebrate subject. Each micro-object of the
received micro-objects while implanted respectively return-
ing an echo response to an applied ultrasound energy having
a machine recognizable feature differentiating the micro-ob-
ject over each other micro-object of the set of physical micro-
objects. For example, the received at least two physical
micro-objects may include at least two physical micro-ob-
jects from the physical set of the micro-objects 310 described
in conjunction with FIG. 3 and picked by the selector appa-
ratus 650 described in conjunction with FIG. 7. An insertion
operation 820 includes implanting the at least two physical
micro-objects into a particular vertebrate subject according to
an implantable media format. The implantable media format
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including a spatial arrangement of at least two regions. Each
region of the at least two regions is respectively mapped for
possible implantation of at least one micro-object of the set of
physical micro-objects. In an embodiment, the insertion
operation may be implemented using the implant apparatus
660 described in conjunction with FIG. 7. The operational
flow includes an end operation.

[0093] FIG. 11 illustrates an example environment 900 that
includes the vertebrate subject 395 and a system 902. The
system includes means 910 for encoding a data set into
machine-recognizable features of at least two micro-objects
of a set of micro-objects pursuant to an implantable media
format and a conversion table. The implantable media format
including a spatial arrangement of at least two regions. Fach
region of the at least two regions is respectively mapped for
possible implantation of at least one micro-object of the set of
micro-objects. The conversion table correlating units of infor-
mation with respect to machine recognizable features in echo
responses to an ultrasound energy applied to at least two
implanted micro-objects of the set of micro-objects. The con-
version table including a respective conversion sub-table
assigned to each region of the at least two regions. Each
conversion sub-table respectfully correlating for its region a
particular unit of information with a machine recognizable
feature in an echo response to an ultrasound energy applied to
a particular implanted micro-object of the set micro-objects.
The system includes means 920 for picking from a physical
set of the micro-objects at least two physical micro-objects
having the respective machine recognizable features corre-
sponding to the encoded data set. The physical set of micro-
objects is suitable for implantation in a vertebrate subject.
Each micro-object of the set of micro-objects while
implanted respectively returning an echo response to an
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other
micro-object of the set of micro-objects. The system includes
means 930 for facilitating a transfer of the picked at least two
physical micro-objects to a provider for implantation in a
vertebrate subject.

[0094] In an embodiment, the system includes means 950
for receiving the picked at least two physical micro-objects,
and means 960 for implanting the picked at least two micro-
objects into a particular vertebrate subject according to the
implantable media format.

[0095] FIG. 12 illustrates an example environment 1000.
The environment includes the vertebrate subject 395 and a
system 1002. The system includes a receiver circuit 1010
configured to receive respective echoes resulting from an
ultrasound energy applied to at least two ultrasound-differen-
tiable micro-objects implanted in a vertebrate subject in
accordance with an implantable media format 1085 (hereafter
“implanted micro-objects”). For example, in an embodiment,
the implanted micro-objects may include micro-objects
selected from or comparable to the set of micro-objects 310 of
FIG. 3. A format decoding circuit 1020 is configured to iden-
tify the respective implantation region of the implantable
media format occupied by each micro-object of the implanted
micro-objects based on their respective echoes. A micro-
object recognition circuit 1030 is configured to recognize
each micro-object of the implanted micro-objects based upon
a machine recognizable feature in the respective echoes. A
micro-object decoder circuit 1040 is configured to respec-
tively decode each recognized micro-object of the two
implanted micro-objects into a unit of information pursuant
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to the identified implantation region of the recognized micro-
object and a conversion table 1090. An aggregator circuit
1050 is configured to collect the decoded units of information
into a decoded information set. A computer storage media
1060 is configured to save the decoded information sef.
[0096] Inanembodimentofthe system 1002, the respective
echoes resulting from an ultrasound energy includes a respec-
tive echo returned by each micro-object of the implanted
micro-objects resulting in response to an applied ultrasound
energy. In an embodiment, each micro-object of the
implanted micro-objects is respectively structured to return
an echo to the applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other of the implanted micro-objects. In an embodiment,
amicro-object includes at least two component micro-objects
that in combination result in a combined micro-object return-
ing an echo to the applied ultrasound energy having a
machine recognizable feature differentiating the micro-ob-
ject over each other of the implanted micro-objects. In an
embodiment, the received echoes include an indication of a
respective spatial position of each micro-object relative to at
least one other micro-object of the implanted two micro-
objects. In an embodiment, the implantable media format
includes a spatial arrangement of at least two regions. Each
region of the at least two regions is respectively mapped fora
possible implantation of at least one micro-object of a set of
ultrasound-differentiable micro-objects.

[0097] In an embodiment of the system 1002, the micro-
object recognition circuit 1030 is configured to differentiate
and to recognize each micro-object of the implanted micro-
objects based upon a machine recognizable feature in the
respective echoes. In an embodiment, the recognition of each
micro-object is facilitated by application of a computer vision
algorithm recognizing the micro-object over each other
micro-object of the set of at least two ultrasound-differen-
tiable micro-objects. In an embodiment, the recognition of
each micro-object is facilitated by application of a feature
recognition algorithm recognizing the micro-object over each
other micro-object of the set of at least two ultrasound-differ-
entiable micro-objects. For example, a feature recognition
algorithm may include an algorithm employing fractal analy-
sis, computer image differentiation, detecting points, edge
detection, corner detection, features, blob detection, scale-
invariant feature transform, or similar techniques. In an
embodiment, the recognition of each micro-object is facili-
tated by application of a pattern recognition algorithm differ-
entiating the micro-object over each other micro-object of the
set of at least two ultrasound-differentiable micro-objects.
[0098] Inanembodiment, the system 1002 includes a posi-
tion circuit 1080 configured to determine the respective spa-
tial position of each micro-object of the implanted micro-
objects based on the respective received echo. In an
embodiment, the format decoding circuit 1020 includes a
format decoding circuit configured to identify the respective
implantation region of the implantable media format occu-
pied by each micro-object of the implanted micro-objects
based at least partially on the determined respective spatial
position of each micro-object.

[0099] In an embodiment, the conversion table 1090
includes a conversion table correlating units of information
with respect to machine recognizable features in echo
responses to an ultrasound energy applied to the implanted
micro-objects. The conversion table including a respective
conversion sub-table assigned to each region of the at least
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two regions of the implantable media format. Each conver-
sion sub-table respectfully correlating for its region a particu-
lar unit of information with a machine recognizable feature in
an echo response to an ultrasound energy applied to a particu-
lar implanted micro-object of the set micro-objects.

[0100] In an embodiment, the system 1002 includes an
ultrasound transmitter 1095 configured to apply the ultra-
sound energy to the at least two ultrasound-differentiable
micro-objects implanted in the vertebrate subject 395. In an
embodiment, the ultrasound transmitter is configured to
receive a selection of an aspect of the ultrasound energy in
response to the conversion table. For example, the selected
aspect may include a selected frequency, duration, or polar-
ization of the ultrasound energy. In an embodiment, the ultra-
sound transmitter is configured to receive a selection of an
aspect of the ultrasound energy in response to a trial conver-
sion table. The trial conversion table is selected from a first
conversion table and a second conversion table.

[0101] In an embodiment, the implantable media format
1085 is stored on the computer storage media 1060. In an
embodiment, the conversion table 1090 is stored on the com-
puter storage media.

[0102] Inanembodiment,the system 1002 includes a com-
munication circuit 1070 configured to output the decoded
information set. In an embodiment, the communication cit-
cuit is configured to transmit a signal useable in displaying a
human-perceivable indication of the decoded data set. For
example, the transmitted signal may be received by a com-
puting device 1092 having a display 1094 viewable by a
human 1096.

[0103] FIG. 13 illustrates an example operational flow
1100. After a start operation, the operational flow includes a
reception operation 1110. The reception operation includes
receiving respective echoes resulting from an ultrasound
energy applied to at least two ultrasound-differentiable
micro-objects implanted in a vertebrate subject in accordance
with an implantable media format (hereafter “implanted
micro-objects™). In an embodiment, the reception operation
may be implemented using the receiver circuit 1010
described in conjunction with FIG. 12. An implantation
region recognition operation 1020 includes machine identi-
fying the respective implantation region of the implantable
media format occupied by each micro-object of the implanted
micro-objects based on their respective echoes. In an embodi-
ment, the implantation region recognition operation may be
implemented using the format decoding circuit 1020
described in conjunction with FIG. 12. A micro-object rec-
ognition operation 1130 includes machine recognizing each
micro-object of the implanted micro-objects based upon a
machine recognizable feature in the respective echoes. Each
micro-object of the implanted micro-objects respectively
returning an echo response to an applied ultrasound energy
having a machine recognizable feature differentiating the
micro-object over each other micro-object of the implanted
micro-objects. In an embodiment, the micro-object recogni-
tion operation may be implemented using the micro-object
recognition circuit 1030 described in conjunction with FIG.
12. A decoding operation 1140 includes machine decoding
each recognized micro-object of the implanted micro-objects
into a unit of information pursuant to the identified implan-
tation region of the recognized micro-object and a conversion
table. In an embodiment, the decoding operation may be
implemented using the micro-object decoder circuit 1040
described in conjunction with FIG. 12. An aggregation opera-
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tion 1150 includes collecting the decoded units of informa-
tion into a decoded information set. In an embodiment, the
aggregation operation may be implemented using the aggre-
gator circuit 1050 described in conjunction with FIG. 12. A
storage operation 1160 includes saving the decoded informa-
tion set in a computer storage media. In an embodiment, the
storage operation may be implemented using the computer
storage media 1060 described in conjunction with FIG. 12.
The operational flow includes an end operation.

[0104] In an embodiment, the operational flow 1100
includes at least one additional operation, such as an opera-
tion 1170. The operation 1170 includes determining the
respective spatial position of each micro-object of the
implanted micro-objects based on the respective received
echoes. In an embodiment, the operational flow may include
other additional operations (not illustrated). An additional
operation may include outputting a signal useable in display-
ing a human-perceivable indication of the decoded data set.
An additional operation may include transforming the
decoded data set into a particular visual depiction of the
decoded data set. An additional operation may include pro-
viding a notification at least partially based on the decoded
data set to at least one of a human, computer, or system. An
additional operation may include displaying a human-pet-
ceivable indication of the decoded data set.

[0105] FIG. 14 illustrates an example computer program
product 1200. The computer program product includes com-
puter-readable media 1210 bearing program instructions. The
program instructions which, when executed by a processor of
a computing device, cause the computing device to perform a
process. The process includes receiving respective echoes
resulting from an ultrasound energy applied to at least two
ultrasound-differentiable micro-objects implanted in a verte-
brate subject in accordance with an implantable media format
(hereafter “implanted micro-objects”). The process includes
identifying the respective implantation region of the implant-
able media format occupied by each micro-object of the at
least two implanted micro-objects based on their received
respective echoes. The process includes recognizing each
micro-object of the implanted micro-objects based upon a
machine recognizable feature in the respective echoes. Each
micro-object of the implanted micro-objects respectively
returning an echo response to an applied ultrasound energy
having a machine recognizable feature differentiating the
micro-object over each other micro-object of the implanted
micro-objects. The process includes decoding each recog-
nized micro-object of the implanted micro-objects into a unit
of information pursuant to the identified implantation region
of the recognized micro-object and a conversion table. The
process includes collecting the decoded units of information
into a decoded information set. The process includes saving
the decoded information set in a computer storage media.
[0106] In an embodiment, the process of the program
instructions 1220 includes determining 1222 the respective
spatial position of each micro-object of the implanted micro-
objects based on the respective received echoes. In an
embodiment, the computer-readable media 1210 includes a
tangible computer-readable media 1212. In an embodiment,
the computer-readable media includes a communication
media 1214.

[0107] FIG. 15 illustrates an environment 1300 that
includes the vertebrate subject 395 and a system 1302. The
system includes a conversion table 1310 correlating each
digit of the conversion table base system to a respective
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machine recognizable feature in an echo response to an ultra-
sound energy applied to a respective micro-object of a set at
least two ultrasound-differentiable micro-objects (hereafter
“set of micro-objects). For example, in an embodiment, the
set of micro-objects may be similar to the set of micro-objects
310 of FIG. 3. The system includes an encoding apparatus
1320 configured to encode a data set into machine recogniz-
able features of at least two micro-objects of the set of micro-
objects pursuant to the conversion table. The system includes
a selector apparatus 1330 configured to pick from a physical
set of the micro-objects 1380 at least two micro-objects hav-
ing the machine recognizable features corresponding to the
encoded data set. Each micro-object of the physical set of
micro-objects is biocompatible and suitable for implantation
in a vertebrate subject. Each micro-object of the set of micro-
objects while implanted respectively returns an echo response
to an applied ultrasound energy having a machine recogniz-
able feature differentiating the micro-object over each other
micro-object of the set of micro-objects.

[0108] In an embodiment, the encoding apparatus 1320 is
further configured to convert the data set from a first base
system to the base system of the conversion table. For
example, in an embodiment, a data set includes a data file or
collection of data. For example, in an embodiment, a data set
includes a collection of related data made up of separate
elements that can be treated as a separate element for data
handling, such as a file. In an embodiment, the encoding
apparatus is further configured to select an arrangement of the
picked at least two micro-objects encoding the data set.
[0109] In an embodiment, the system 1302 includes an
implant apparatus 1340 configured to implant the picked at
least two micro-objects encoding the data set into the verte-
brate subject 395. In an embodiment, the implant apparatus is
configured to automatically implant in the vertebrate subject
the picked at least two micro-objects encoding the data set. In
an embodiment, the implant apparatus is configured to
implant in the vertebrate subject the picked at least two micro-
objects encoding the data set in response to a manual activa-
tion. In an embodiment, the implant apparatus is configured
to inject in the vertebrate subject the picked at least two
micro-objects encoding the data set. In an embodiment, the
implant apparatus is configured to deliver into a tissue of the
vertebrate subject the picked at least two micro-objects
encoding the data set. In an embodiment, the implanting
includes tattooing the skin of the vertebrate subject with the
picked at least two micro-objects encoding the data set. In an
embodiment, the data set includes a data set having a rel-
evance to the vertebrate subject.

[0110] Inanembodiment, the system 1302 includes a com-
puter storage media 1370 storing the conversion table.
[0111] FIG. 16 illustrates an example operational flow
1400. After a start operation, the operational flow includes a
reception operation 1410. The reception operation includes
electronically receiving a data set. An encoding operation
1420 includes encoding the received data set into machine
recognizable features of at least two micro-objects of a set of
micro-objects pursuant to a conversion table. The conversion
table correlating each digit of the conversion table base sys-
tem to a respective machine recognizable feature in an echo
response to an ultrasound energy applied to a respective
micro-object of at least two ultrasound-differentiable micro-
objects. In an embodiment, the encoding operation may be
implemented using the encoding apparatus 1320 described in
conjunction with FIG. 15. A selection operation 1430
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includes picking from a physical set of the micro-objects at
least two micro-objects having the machine recognizable fea-
tures corresponding to the encoded data set. Each micro-
object of the physical set of micro-objects is biocompatible
and suitable for implantation in a vertebrate subject. Each
micro-object of the set of micro-objects while implanted
respectively returns an echo response to an applied ultrasound
energy having a machine recognizable feature differentiating
the micro-object over each other micro-object of the set of
micro-objects. In an embodiment, the selection operation
may be implemented using the selector apparatus 1330
described in conjunction with FIG. 15. A providing operation
1440 includes facilitating a transfer of the picked at least two
physical micro-objects to a provider for implantation in a
vertebrate subject. In an embodiment, the providing opera-
tion may be implemented using the 670 packaging apparatus
described in conjunction with FIG. 7. The operational flow
includes an end operation.

[0112] In an embodiment, a human health care provider
includes a physician, physician’s assistant, nurse, or person
acting according to directions from a physician. In an
embodiment, a health care provider includes a health care
entity in which medical activity is performed. In an embodi-
ment, a veterinary care provider includes a veterinarian, vet-
erinarian’s assistant, or person acting according to directions
from a veterinarian. In an embodiment, the data set includes
a data set relevant to the vertebrate subject 395.

[0113] FIG. 17 illustrates an alternative embodiment of the
operational flow 1400 of FIG. 16. The operational flow may
include at least one additional operation. The at least one
additional operation may include an operation 1450, an
operation 1460, an operation 1470, or an operation 1480. The
operation 1450 includes implanting the picked at least two
micro-objects encoding the data set in the vertebrate subject.
In an embodiment, the implanting includes automatically
implanting in the vertebrate subject the selected at least two
ultrasound-differentiable micro-objects encoding the data
set. In an embodiment, the implanting includes manually
implanting in the vertebrate subject the selected at least two
ultrasound-differentiable micro-objects encoding the data
set. In an embodiment, the implanting includes injecting in
the vertebrate subject the selected at least two ultrasound-
differentiable micro-objects encoding the data set. In an
embodiment, the implanting includes delivering the selected
at least two ultrasound-differentiable micro-objects encoding
the data set into a tissue of the vertebrate subject. In an
embodiment, the implanting includes tattooing the skin ofthe
vertebrate subject with the selected at least two ultrasound-
differentiable micro-objects encoding the data set.

[0114] The operation 1460 includes converting the data set
from a first base system to the base system of the conversion
table. For example, the conversion may be from binary base
two to base five of the conversion table. See conversion table
320 at FIG. 3 for a base five system. In an embodiment, the
converting a data set includes converting an electronically
maintained data set to a particular non-base two system. In an
embodiment, the encoding a data set includes encoding the
converted data set. The operation 1470 includes selecting an
arrangement of the at least two picked micro-objects encod-
ing the data set. For example, the selected arrangement may
include a rectangular pattern with the at least two picked
micro-objects implanted in around a perimeter of the rectan-
gular pattern. In an embodiment, the operation 1450 includes
implanting in the vertebrate subject the selected arrangement
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of at least two picked micro-objects encoding the data set. The
operation 1480 includes packaging the picked at least two
physical micro-objects ina container configured for transpor-
tation to a provider. In an embodiment, the packaging
includes packaging the picked at least two physical micro-
objects and a written description of the data set in a container
configured for transportation to a provider.

[0115] FIG. 18 illustrates an example environment 1500.
The environment includes the vertebrate subject 395 and a
system 1502. The system includes means 1510 for electroni-
cally receiving a data set. The system includes means 1520 for
encoding the received data set into machine recognizable
features of at least two micro-objects of a set of micro-objects
pursuant to a conversion table. The conversion table correlat-
ing each digit of the conversion table base system to a respec-
tive machine recognizable feature in an echo response to an
ultrasound energy applied to a respective micro-object of at
least two ultrasound-differentiable micro-objects. The sys-
tem includes means 1530 for picking from a physical set of
the micro-objects at least two micro-objects having the
machine recognizable features corresponding to the encoded
data set. Each micro-object of the physical set of micro-
objects is biocompatible and suitable for implantation in the
vertebrate subject 395. Each micro-object of the set of micro-
objects whileimplanted respectively returns an echo response
to an applied ultrasound energy having a machine recogniz-
able feature differentiating the micro-object over each other
micro-object of the set of micro-objects. The system includes
means 1540 for implanting the picked at least two micro-
objects encoding the data set in the vertebrate subject.
[0116] Inanembodiment, the system 1502 includes means
1550 for converting the data set from a first base system to the
base system of the conversion table.

[0117] FIG. 19 illustrates an example environment 1600.
The environment includes the vertebrate subject 395 and a
system 1602. The system includes a receiver circuit 1610
configured to receive respective echoes resulting from an
ultrasound energy applied to at least two ultrasound-differen-
tiable micro-objects implanted in the vertebrate subject (here-
after “implanted micro-objects”). The system includes a rec-
ognition circuit 1620 configured to recognize each micro-
object of the implanted micro-objects based upon a machine
recognizable feature in the respective echoes. The system
includes a decoder circuit 1630 configured to respectively
decode pursuant to a conversion table 1680 each recognized
micro-object of the implanted micro-objects into a digit of the
base system of the conversion table. The system includes an
aggregator circuit 1640 configured to collect the decoded
digits into a decoded data set. The system includes a computer
storage media 1650 configured to save the decoded data set.
[0118] Inanembodiment, the at least two implanted micro-
objects represent at least a portion of an encoded data set
implanted in the vertebrate subject 395. In an embodiment,
each micro-object of the at least two implanted micro-objects
is respectively structured to return an echo to the applied
ultrasound energy having a machine recognizable feature
differentiating the micro-object over each other of the at least
two implanted micro-objects. In an embodiment, the conver-
sion table 1680 includes a conversion table correlating each
digit of a conversion table base system with a respective
machine recognizable feature in an echo response to an ultra-
sound energy applied to a micro-object of the set of micro-
objects. The machine recognizable feature respectively dif-
ferentiating each micro-object over each other micro-object
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of the at least two ultrasound-differentiable micro-objects. In
an embodiment, the decoded data set includes data relevant to
the vertebrate subject. In an embodiment, the conversion
table is stored on the computer storage media 1650.

[0119] In an embodiment, the system 1602 includes an
ultrasound energy transmitter 1690 configured to apply the
ultrasound energy to the at least two ultrasound-differentiable
micro-objects implanted in the vertebrate subject 395. In an
embodiment, the ultrasound energy transmitter is configured
to receive a selection of an aspect of the ultrasound energy in
response to the conversion table. In an embodiment, the ultra-
sound energy transmitter is configured to receive a selection
of an aspect of the ultrasound energy in response to a trial
conversion table, the trial conversion table selected from a
first conversion table and a second conversion table. In an
embodiment, the ultrasound energy transmitter includes a
machine guided ultrasound energy transmitter. In an embodi-
ment, the ultrasound energy transmitter includes a human
guided ultrasound energy transmitter.

[0120] Inanembodiment, the system 1602 includes a trans-
lator circuit 1660 configured to convert the decoded data set
into a base two decoded data set. In an embodiment, the
system 1602 includes a communication circuit 1670 config-
ured to output the decoded data set.

[0121] FIG. 20 illustrates an example operational flow
1700. After a start operation, the operational flow includes a
reception operation 1710. The reception operation includes
receiving respective echoes resulting from an ultrasound
energy applied to at least two ultrasound-differentiable
micro-objects implanted in a vertebrate subject (hereafter
“implanted micro-objects™). In an embodiment, the reception
operation may be implemented using the receiver circuit 1610
described in conjunction with FIG. 19. A micro-object rec-
ognition operation 1720 includes machine-recognizing each
respective micro-object of the implanted micro-objects based
upon a machine recognizable feature in the respective echoes.
In an embodiment, the micro-object recognition operation
may be implemented using the recognition circuit 1620
described in conjunction with FIG. 19. A decoding operation
1730 includes machine-decoding pursuant to a conversion
table each respective recognized micro-object of the
implanted micro-objects into a digit of the base system of the
conversion table. In an embodiment, the decoding operation
may be implemented using the decoder circuit 1630
described in conjunction with FIG. 19. An aggregation opera-
tion 1740 includes collecting the decoded digits into a
decoded data set. In an embodiment, the aggregation opera-
tion may be implemented using the aggregator circuit 1640
described in conjunction with FIG. 19. A storage operation
1750 includes saving the decoded data set in a computer
storage media. In an embodiment, the storage operation may
be implemented using the computer storage media 1650
described in conjunction with FIG. 19. The operational flow
includes an end operation.

[0122] In anembodiment, each micro-object of the at least
two implanted micro-objects is respectively structured to
return an echo to the applied ultrasound energy having a
machine recognizable feature differentiating the micro-ob-
ject over each other of the implanted micro-objects. In an
embodiment, the conversion table includes a conversion table
correlating each digit of the conversion table base system
with a respective machine recognizable feature in an echo
response to an ultrasound energy applied to a micro-object of
the implanted micro-objects.
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[0123] Inanembodiment, the operational flow may include
at least one additional operation. The at least one additional
operation may include an operation 1760, or at least one of a
group of operations 1770. The operation 1760 includes apply-
ing the ultrasound energy to the implanted micro-objects. The
group of operations 1770 includes an operation 1772, an
operation 1774, an operation 1776, and an operation 1778.
The operation 1772 includes outputting a signal useable in
displaying a human-perceivable indication of the decoded
data set. The operation 1774 includes transforming the
decoded data set into a particular visual depiction of the
decoded data set. The operation 1776 includes providing a
notification at least partially based on the decoded data set to
at least one of a human, computer, or system. The operation
1778 includes displaying a human-perceivable indication of
the decoded data set.

[0124] FIG. 21 illustrates an example computer program
product 1800. The computer program product includes com-
puter-readable media bearing program instructions 1810. The
program instructions which, when executed by a processor of
a computing device, cause the computing device to perform a
process 1820. The process includes receiving respective ech-
oes resulting from an ultrasound energy applied to at least two
ultrasound-differentiable micro-objects implanted in a verte-
brate subject (hereafter “implanted micro-objects”). The pro-
cess includes recognizing each micro-object of the at least
two implanted micro-objects based upon a machine recog-
nizable feature in the respective echoes. The process includes
decoding pursuant to a conversion table each recognized
micro-object of the implanted micro-objects into a digit of the
base system of the conversion table. The process includes
collecting the decoded digits into a decoded data set. The
process includes saving the decoded data set in computer
storage media.

[0125] In an embodiment, the process includes converting
1822 the decoded data set from the base system of the con-
version table to another base system. In an embodiment, the
computer-readable media 1810 includes a tangible computer-
readable media 1812. In an embodiment, the computer-read-
able media includes a communication media 1814.

[0126] FIG. 22 illustrates example embodiments of ultra-
sound-differentiable micro-objects. The detailed description
also previously described other example embodiments of
ultrasound-differentiable micro-objects. See text in conjunc-
tion with FIG. 3 for exaniple.

[0127] Anexample embodiment of an ultrasound-differen-
tiable micro-object is described in Roger A. Stern, et al., 4
Biologically Compatible Implantable Ultrasonic Marker, 9
Ultrasound in Medicine & Biology 191 (1983). Stern
describes an implantable passive ultrasonic micro-object in
the form of a marker that can be detected with a pulse echo
imaging system. Stern describes planar arrays of small
spheres as respectively producing a distinct and characteristic
signature in response to application of ultrasound energy.
Stern describes arrays of small spheres including stainless
steel, beryllium, and nylon as producing ultrasound differen-
tiable responses. FIG. 22A illustrates an example micro-ob-
ject 1910 including an array of small spheres 1912. In an
embodiment, the array of small spheres may all be of a single
material, such as stainless steel, or may be a mixed array
having spheres with different materials.

[0128] An example embodiment of an ultrasound-differen-
tiable micro-objects is described in Jeffrey Stoll and Pierre
Dupont, Passive Markers for Ultrasound Tracking of Surgical
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Instruments, MICCAT 05 Proceedings of the 8th interna-
tional conference on Medical image computing and com-
puter-assisted intervention—Volume Part 1T Pages 41-48
(2005). Stoll describes a family of passive ultrasound track-
able micro-objects that can be positioned and tracked using
image processing techniques. Stoll describes ultrasound
markers mounted on a cylindrical sleeve and easily seen in
ultrasound imaging modality. FIG. 22B illustrates an
example micro-object 1920 including ultrasound-differen-
tiable micro-objects 1922A-D positioned on a structure 1924.
[0129] An example embodiment of ultrasound-differen-
tiable micro-objects is described by the interwoven polymer
marker used by Bard Biopsy Systems in its UltraClip® Dual
Trigger Breast Tissue Marker. www.bardbiopsy.com/prod-
ucts/ultraclip_dual.php (accessed Aug. 20, 2012). Bard
describes non-absorbable interwoven polymer ultrasound
markers that remain visible for years. Bard describes ultra-
sound-differentiable ribbon, wing, and coil shaped micro-
objects. FI1G. 22C illustrates an example micro-object 1930
including ultrasound-differentiable micro-objects 1923A-C
in respective ribbon, wing, and coil shapes positioned on a
structure 1934.

[0130] All references cited herein are hereby incorporated
by reference in their entirety or to the extent their subject
matter is not otherwise inconsistent herewith.

[0131] In some embodiments, “configured” includes at
least one of designed, set up, shaped, implemented, con-
structed, or adapted for at least one of a particular purpose,
application, or function.

[0132] It will be understood that, in general, terms used
herein, and especially in the appended claims, are generally
intended as “open” terms. For example, the term “including”
should be interpreted as “including but not limited to.” For
example, the term “having” should be interpreted as “having
at least.” For example, the term “has” should be interpreted as
“having at least.” For example, the term “includes” should be
interpreted as “includes but is not limited to,” etc. It will be
further understood that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no
such intent is present. For example, as an aid to understand-
ing, the following appended claims may contain usage of
introductory phrases such as “at least one” or “one or more”
to introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to inventions containing only one such recitation,
even when the same claim includes the introductory phrases
“one or more” or “at least one” and indefinite articles such as
“a” or “an” (e.g., “a receiver” should typically be interpreted
to mean “at least one receiver”); the same holds true for the
use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim
recitation is explicitly recited, it will be recognized that such
recitation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of “at least two cham-
bers,” or “a plurality of chambers,” without other modifiers,
typically means at least two chambers).

[0133] In those instances where a phrase such as “at least
one of A, B, and C,” “at least one of A, B, or C,” or ““an [item]
selected from the group consisting of A, B, and C,” is used, in
general such a construction is intended to be disjunctive (e.g,,
any of these phrases would include but not be limited to
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systems that have A alone, B alone, C alone, A and B together,
A and C together, B and C together, or A, B, and C together,
and may further include more than one of A, B, or C, such as
AL A,, and C together, A, B, B,, C,, and C, together, or B,
and B, together). It will be further understood that virtually
any disjunctive word or phrase presenting two or more altet-
native terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

[0134] The herein described aspects depict different com-
ponents contained within, or connected with, different other
components. It is to be understood that such depicted archi-
tectures are merely examples, and that in fact many other
architectures can be implemented which achieve the same
functionality. In a conceptual sense, any arrangement of com-
ponents to achieve the same functionality is effectively “asso-
ciated” such that the desired functionality is achieved. Hence,
any two components herein combined to achieve a particular
functionality can be seen as “associated with” each other such
that the desired functionality is achieved, irrespective of
architectures or intermedial components. Likewise, any two
components so associated can also be viewed as being “oper-
ably connected,” or “operably coupled,” to each other to
achieve the desired functionality. Any two components
capable of being so associated can also be viewed as being
“operably couplable” to each other to achieve the desired
functionality. Specific examples of operably couplable
include but are not limited to physically mateable or physi-
cally interacting components or wirelessly interactable or
wirelessly interacting components.

[0135] With respect to the appended claims, the recited
operations therein may generally be performed in any order.
Also, although various operational flows are presented in a
sequence(s), it should be understood that the various opera-
tions may be performed in other orders than those which are
illustrated, or may be performed concurrently. Examples of
such alternate orderings may include overlapping, inter-
leaved, interrupted, reordered, incremental, preparatory,
supplemental, simultaneous, reverse, or other variant order-
ings, unless context dictates otherwise. Use of “Start,” “End,”
“Stop.” or the like blocks in the block diagrams is not intended
to indicate a limitation on the beginning or end of any opera-
tions or functions in the diagram. Such flowcharts or dia-
grams may be incorporated into other flowcharts or diagrams
where additional functions are performed before or after the
functions shown in the diagrams of this application. Further-
more, terms like “responsive to,” “related to,” or other past-
tense adjectives are generally not intended to exclude such
variants, unless context dictates otherwise.

[0136] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and
spirit being indicated by the following claims.

1. A system comprising:

a receiver circuit configured to receive respective echoes
resulting from an ultrasound energy applied to at least
two ultrasound-differentiable micro-objects implanted
in avertebrate subject in accordance with an implantable
media format (hereafter “implanted micro-objects™);
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a format decoding circuit configured to identify the respec-
tive implantation region of the implantable media format
occupied by each micro-object of the implanted micro-
objects based on their respective echoes;

a micro-object recognition circuit configured to recognize
each micro-object of the implanted micro-objects based
upon a machine recognizable feature in the respective
echoes;

a micro-object decoder circuit configured to respectively
decode each recognized micro-object of the two
implanted micro-objects into a unit of information pur-
suant to the identified implantation region of the recog-
nized micro-object and a conversion table;

an aggregator circuit configured to collect the decoded
units of information into a decoded information set; and

a computer storage media configured to save the decoded
information set.

2. The system of claim 1, wherein the respective echoes
resulting from an ultrasound energy includes a respective
echo returned by each micro-object of the implanted micro-
objects resulting in response to an applied ultrasound energy.

3. The system of claim 1, wherein each micro-object of the
implanted micro-objects is respectively structured to return
an echo to the applied ultrasound energy having a machine
recognizable feature differentiating the micro-object over
each other of the implanted micro-objects.

4. The system of claim 1, wherein a micro-object includes
at least two component micro-objects that in combination
result in a combined micro-object returning an echo to the
applied ultrasound energy having a machine recognizable
feature differentiating the micro-object over each other of the
implanted micro-objects.

5. The system of claim 1, wherein the received echoes
include an indication of a respective spatial position of each
micro-object relative to at least one other micro-object of the
implanted two micro-objects.

6. The system of claim 1, wherein the implantable media
format includes a spatial arrangement of at least two regions,
each region of the at least two regions respectively mapped
for a possible implantation of at least one micro-object of a set
of ultrasound-differentiable micro-objects.

7. The system of claim 1, wherein the micro-object recog-
nition circuit configured to differentiate and to recognize each
micro-object of the implanted micro-objects based upon a
machine recognizable feature in the respective echoes.

8. The system of claim 1, wherein the recognition of each
micro-object is facilitated by application of a computer vision
algorithm recognizing the micro-object over each other
micro-object of the set of at least two ultrasound-differen-
tiable micro-objects.

9. The system of claim 1, wherein the recognition of each
micro-object is facilitated by application of a feature recog-
nition algorithm recognizing the micro-object over each other
micro-object of the set of at least two ultrasound-differen-
tiable micro-objects.

10. The system of claim 1, wherein the recognition of each
micro-object is facilitated by application pattern recognition
algorithm differentiating the micro-object over each other
micro-object of the set of at least two ultrasound-differen-
tiable micro-objects.

11. The system of claim 1, further comprising:

a position circuit configured to determine the respective

spatial position of each micro-object of the implanted
micro-objects based on the respective received echo.
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12. The system of claim 11, wherein the format decoding
circuit includes:

a format decoding circuit configured to identify the respec-
tive implantation region of the implantable media format
occupied by each micro-object of the implanted micro-
objects based at least partially on the determined respec-
tive spatial position of each micro-object.

13. The system of claim 1, wherein the conversion table
includes a conversion table correlating units of information
with respect to machine recognizable features in echo
responses to an ultrasound energy applied to the implanted
micro-objects, the conversion table including a respective
conversion sub-table assigned to each region of the at least
two regions of the implantable media format, each conversion
sub-table respectfully correlating for its region a particular
unit of information with a machine recognizable feature in an
echo response to an ultrasound energy applied to a particular
implanted micro-object of the set micro-objects.

14. The system of claim 1, further comprising an ultra-
sound transmitter configured to apply the ultrasound energy
to the at least two ultrasound-differentiable micro-objects
implanted in the vertebrate subject.

15. The system of claim 1, wherein the ultrasound trans-
mitter is configured to receive a selection of an aspect of the
ultrasound energy in response to the conversion table.

16. The system of claim 15, wherein the ultrasound trans-
mitter is configured to select an aspect of the ultrasound
energy in response to a trial conversion table, the trial con-
version table selected from a first conversion table and a
second conversion table.

17. The system of claim 1, wherein the implantable media
format is stored on the computer storage media.

18. The system of claim 1, wherein the conversion table is
stored on the computer storage media.

19. The system of claim 1, further comprising a commu-
nication circuit configured to output the decoded information
set.

20. A method comprising:

receiving respective echoes resulting from an ultrasound
energy applied to at least two ultrasound-differentiable
micro-objects implanted in a vertebrate subject in accor-
dance with an implantable media format (hereafter
“implanted micro-objects™);

machine identifying the respective implantation region of
the implantable media format occupied by each micro-
object of the implanted micro-objects based on their
respective echoes;

machine recognizing each micro-object of the implanted
micro-objects based upon a machine recognizable fea-
ture in the respective echoes, each micro-object of the
implanted micro-objects respectively returning an echo
response to an applied ultrasound energy having a
machine recognizable feature differentiating the micro-
object over each other micro-object of the implanted
micro-objects;
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machine decoding each recognized micro-object of the
implanted micro-objects into a unit of information pur-
suant to the identified implantation region of the recog-
nized micro-object and a conversion table;

collecting the decoded units of information into a decoded
information set; and

saving the decoded information set in a computer storage
media.

21. The method of claim 20, further comprising:

determining the respective spatial position of each micro-
object of the implanted micro-objects based on the
respective received echoes.

22. Computer program product comprising:

(a) program instructions which, when executed by a pro-
cessor of a computing device, cause the computing
device to perform a process, the process including:

(1) receiving respective echoes resulting from an ultra-
sound energy applied to at least two ultrasound-dif-
ferentiable micro-objects implanted in a vertebrate
subject in accordance with an implantable media for-
mat (hereafter “implanted micro-objects™);

(ii) identifying the respective implantation region of the
implantable media format occupied by each micro-
object of the at least two implanted micro-objects
based on their received respective echoes;

(ii1) recognizing each micro-object of the implanted
micro-objects based upon a machine recognizable
feature in the respective echoes, each micro-object of
the implanted micro-objects respectively returning an
echo response to an applied ultrasound energy having
a machine recognizable feature differentiating the
micro-object over each other micro-object of the
implanted micro-objects;

(iv) decoding each recognized micro-object of the
implanted micro-objects into a unit of information
pursuant to the identified implantation region of the
recognized micro-object and a conversion table;

(v) collecting the decoded units of information into a
decoded information set; and

(vi) saving the decoded information set in a computer
storage media; and

(b) computer-readable media bearing the program instruc-
tions.

23. The computer program product of claim 22, the process

farther includes:

determining the respective spatial position of each micro-
object of the implanted micro-objects based on the
respective received echoes.

24. The computer program product of claim 22, wherein
the computer-readable media includes a tangible computer-
readable media.

25. The computer program product of claim 22, wherein
the computer-readable media includes a communication
media.
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