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(57) ABSTRACT 

A programmable smart membrane and methods therefor. 
The smart membrane conducts an overall function on at least 
one of a sorting function, a ?ltering function and an absorb 
ing function of at least one object having an attribute. The 
smart membrane includes a plurality of module units dis 
posed adjacent each other. Each of the plurality of module 
units obtains information from an environment around each 
of the plurality of module units. The plurality of module 
units also each perform a function based on at least a ?rst 
control method that determines the function based on the 
information for each of the plurality of module units. 
Wherein the plurality of module units individually perform 
function to collectively perform the overall function of the 
membrane based on the attribute of the object. 
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FIG. 1C 
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PROGRAMMABLE SMART MEMBRANES AND 
METHODS THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] This invention is directed to apparatus and methods 
relating to programmable smart membranes and methods 
therefor. 

[0003] 2. Description of Related Art 

[0004] Some related art devices include micromachined 
sorters. For example, US. Pat. No. 5,655,665, discloses a 
micromachined magnetic particle manipulator and separator 
for magnetic particles suspended in ?uid. 

[0005] Another micromachined sorter is disclosed in US. 
Pat. No. 5,893,974, Wherein a micro scale passive ?lter is 
disclosed having suf?ciently small holes to permit the pas 
sage of small desired biomolecules and at the same time 
prevent the passage of all larger molecules such as antibod 
ies. 

[0006] Another related art micromachined sorter includes 
the passive particle sorter disclosed by M. Koch, C. Schab 
mueller, A. G. R. Evans, A. BrunnschWeiler, “A Microma 
chined Particle Sorter: Principle and Technology”, Tech. 
Digest, Eurosensors XII, Southampton, UK, Sep. 13-16, 
1998. 

[0007] HoWever, these related art micromachined sorters 
can only sort particles by prede?ned features or are static/ 
passive and thus are non-programmable. 

[0008] Other related art devices include nanometer scale 
membranes. For eXample, Yoshihiro Ito, “Signal-responsive 
Gating by a Polyelectrolyte Pelage on a Nanoporous Mem 
brane”, Nanotechnology, pp 205-207, Vol. 9 No. 3, Septem 
ber 1998, discloses a nanometer scale active membrane 
Wherein the rate of Water permeation through the membrane 
is controlled by pH levels and ionic strength. 

[0009] Another nanometer scale membrane is disclosed in 
K. Eric DreXler, “Nanosystem: Molecular Machinery, 
Manufacturing, and Computation, John Wiley & Sons, Inc., 
1992. DreXler discloses a design for a unidirectional active 
molecule sorter capable of transporting speci?c molecules 
across a barrier. DreXler mentions the possibility of a version 
of this design Which can change the speci?city of the 
transported molecules by using an elastic deformation of the 
receptor or altering the local charge distribution around the 
receptor. 

[0010] Another related art nanometer scale membrane 
With poricity controlled by electroactive polymer actuators 
is described in Toribio F. Otero, Univ. del Pais Vasco, and 
San Sebastian, “EAP as Multifunctional and Biomimetic 
Materials”, in Smart Structures and Materials 1999: Elec 
troactive Polymer Actuators and Devices, edited by Yoseph 
Bar-Cohen, pp.26-34, 1999. 

[0011] HoWever, all of the related art nanometer scale 
membranes have ?ltering functions that are preset and Which 
cannot be subsequently altered. 

[0012] Related art control methods and techniques include 
the system disclosed in US. Pat. No. 6,011,372, Which is a 
uni?ed modular system of drives and controls for mobile 

Oct. 17, 2002 

robotic applications. HoWever, the robot of this modular 
system is not modular and the control of the robot is 
hierarchical. 

SUMMARY OF THE INVENTION 

[0013] The invention provides a programmable smart 
membrane and methods therefor that overcome the de?cien 
cies and shortfalls of the prior art. 

[0014] The invention provides a programmable smart 
membrane that is capable of being programmed so as to 
reject, transport, or absorb objects depending on features of 
the objects. 

[0015] The invention separately provides the control soft 
Ware for a programmable smart membrane. 

[0016] The invention separately provides a programmable 
smart membrane that separates tWo or more regions. 

[0017] The invention separately provides a programmable 
smart membrane that separates a region and provides one 
Way ?ltering into or out of that region. 

[0018] The invention separately provides a programmable 
smart membrane that separates a region and provides tWo 
Way ?ltering into and out of that region by transporting 
objects in both directions through the membrane. 

[0019] The invention separately provides a programmable 
smart membrane that is planar. 

[0020] The invention separately provides a programmable 
smart membrane that separates three-dimensional regions. 

[0021] The invention separately provides a programmable 
smart membrane that Works With a single object at a time. 

[0022] The invention separately provides a programmable 
smart membrane that Works With multiple objects simulta 
neously. 
[0023] The invention separately provides a programmable 
smart membrane that is programmable and reprogrammable 
to reject, transport, or absorb objects based on a diverse set 
of properties of the objects. 

[0024] The invention separately provides a programmable 
smart membrane that has diverse applications. 

[0025] The invention separately provides a programmable 
smart membrane that sorts parts on a macro scale level. 

[0026] The invention separately provides a programmable 
smart membrane that puri?es substances and augments 
biochemical processes on a nanometer scale level. 

[0027] The invention separately provides control softWare 
for a programmable smart membrane that includes both 
identical and non-identical module units. 

[0028] The invention separately provides a control soft 
Ware for a programmable smart membrane that is generated 
by evolutionary techniques. 

[0029] The invention separately provides decentraliZed 
control softWare for a programmable smart membrane. 

[0030] The invention separately provides control softWare 
for a programmable smart membrane that scales With the 
number of module units in the membrane and the number of 
objects to be ?ltered, both in sequence and simultaneously. 
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[0031] The invention separately provides control software 
for a programmable smart membrane Which is functional 
under various con?gurations of its modules and the objects 
to be ?ltered. 

[0032] The invention separately provides a programmable 
smart membrane that includes a plurality of sliding robotic 
modules. 

[0033] The invention separately provides a programmable 
smart membrane that includes a plurality of rotating robotic 
modules. 

[0034] The invention separately provides a programmable 
smart membrane that includes a plurality of compressible 
robotic modules. 

[0035] The invention separately provides a programmable 
smart membrane that uses control softWare found using a 
?tness function. 

[0036] The invention separately provides a programmable 
smart membrane that can sort, ?lter, and/or absorb objects 
based on at least one of the folloWing properties of the 
objects: color; siZe; shape; temperature; density; Weight; 
stiffness; elasticity; charge; force; re?ectivity; magnetic ?ux; 
conductivity; frictionality; compressibility; movement of the 
objects being ?ltered; communication With the object; the 
Way any of the above attributes change over time; and the 
Way any of the above attributes vary across the object. 

[0037] The invention separately provides a programmable 
smart membrane that continues to perform a desired task in 
the presence of various failures or noise in or inaccuracy of 
sensors, motors, poWer, and changing or unknoWn environ 
mental conditions. 

[0038] The invention separately provides a programmable 
smart membrane that continues to perform a desired task in 
spite of the failure of a motor in one or several of the module 
units. 

[0039] The invention separately provides a programmable 
smart membrane that continues to perform a desired task in 
spite of the failure of a sensor in one or several of the module 
units. 

[0040] The invention separately provides a programmable 
smart membrane that continues to perform a desired task in 
spite of poWer loss in one or several of the module units. 

[0041] The invention separately provides a programmable 
smart membrane that continues to perform a desired task in 
spite of inaccurate sensor readings by sensors in one or 
several of the module units. 

[0042] The invention separately provides a programmable 
smart membrane, including 2D sliding robots, that sorts 
objects based on color. 

[0043] These and other features and advantages of this 
invention are described in, or are apparent from, the folloW 
ing detailed description of various exemplary embodiments 
of the systems and methods according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Various exemplary embodiments of this invention 
Will be described in detail, With reference to the folloWing 
?gures, Wherein: 
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[0045] FIGS. 1A-1C are schematics of an exemplary 
embodiment of a smart membrane according to the inven 
tion that ?lters objects; 

[0046] FIGS. 2A-2C are schematics of another exemplary 
embodiment of a smart membrane according to the inven 
tion that ?lters objects bi-directionally; 

[0047] FIGS. 3A-3C are schematics of another exemplary 
embodiment of a smart membrane according to the inven 
tion that sorts objects; 

[0048] FIGS. 4A-4C are schematics of another exemplary 
embodiment of a smart membrane according to the inven 
tion that absorbs objects; 

[0049] FIG. 5 is a block diagram of one exemplary 
embodiment of a module unit of an exemplary smart mem 
brane according to the invention, Wherein a module control 
circuit is disposed Within the module unit; 

[0050] FIG. 6 is a block diagram of another exemplary 
embodiment of a module unit of an exemplary smart mem 
brane according to the invention, Wherein a module control 
circuit is not disposed Within the module unit; 

[0051] FIG. 7 is a schematic of an exemplary embodiment 
of a modular robotic smart membrane according to the 

invention; 
[0052] FIG. 8 is a ?oWchart of one exemplary embodi 
ment for constructing a softWare program for a module unit 
of a smart membrane, according to the invention; 

[0053] FIG. 9 is a schematic of another exemplary 
embodiment of a modular robotic smart membrane accord 
ing to the invention; 

[0054] FIGS. 10A-10C are schematics displaying a single 
movement of exemplary robotic modules; 

[0055] FIGS. 11A-11B are schematics displaying a line 
movement of exemplary robotic modules; 

[0056] FIGS. 12A-12C are schematics displaying the 
smart membrane of FIG. 9 in an initial stage, an interme 
diary stage and a subsequent stage of ?ltering an object; and 

[0057] FIG. 13 is a schematic of another exemplary 
embodiment of modular robotic smart membrane according 
to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0058] The invention is a programmable membrane and 
methods therefor that overcome the de?ciencies and short 
falls of the related art. 

[0059] The invention includes a smart membrane that can 
be programmed to reject, transport, and/or absorb items 
depending on features or attributes of the items. The smart 
membrane of the invention includes a plurality of module 
units. The overall smart membrane is self-recon?gurable in 
that it can recon?gure Without any external aid. Each module 
unit performs functions based on information about its 
environment. Each module unit communicates With and 
moves in relation to its neighboring module units in order to 
accomplish an overall task for the entire membrane, such as 
?ltering. The function performed by the module units are 
based on a control program/method. 
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[0060] FIGS. lA-lC display an exemplary embodiment of 
a smart membrane 100 according to the invention. The smart 
membrane 100 includes a plurality of module units 110. The 
smart membrane 100 in this exemplary embodiment is 
functioning as a one-Way ?lter. It should be appreciated that 
in other various exemplary embodiments, a smart membrane 
according to the invention can also function to ?lter multi 
directionally, and sort and capture/absorb objects, as shoWn 
in FIGS. 2A-2C, 3A-3C and 4A-4C, respectively. 

[0061] As shoWn in FIGS. 1A-1C, the smart membrane 
100 ?lters objects to alloW objects With a ?rst attribute 120 
to pass the membrane 100 and to stop objects With a second 
attribute 130 from passing the membrane 100. Objects With 
the ?rst attribute 120 are displayed as triangles and objects 
With the second attribute 130 are displayed as circles for 
discussion purposes only. 

[0062] FIG. 1A displays an initial stage of the ?ltering, 
FIG. 1B displays an intermediate stage of the ?ltering and 
FIG. 1C displays a ?nal stage of the ?ltering. As shoWn in 
FIG. 1B, temporary transport channels 140 are created by 
actions of the module units 110. The temporary channels 140 
alloW the objects 120 and 130 to pass through the membrane 
100. 

[0063] In this exemplary embodiment, the module units 
110 are identical. HoWever, it should be appreciated that in 
other various exemplary embodiments, the module units 110 
are not all identical. 

[0064] In this exemplary embodiment, the module units 
110 operate based on identical sets of instructions or meth 
ods. HoWever, it should be understood that in other various 
exemplary embodiments, less than all of the module units 
110 operate based on the identical method. 

[0065] Each of the module units 110 obtain information 
about the environment around the module unit. In various 
exemplary embodiments, the information is local informa 
tion. The local information is information about the imme 
diate environment around a module unit. In other various 
exemplary embodiments, the information is global informa 
tion from all of the module units, i.e. the membrane’s 
environment. 

[0066] The method of obtaining the information can vary 
based on each application of the membrane. For example, in 
various exemplary embodiments, the information is 
obtained by a physical touching betWeen the module and the 
environment, Which may include neighboring module units. 
In other various exemplary embodiments, the information is 
obtained by an electrical connection betWeen a module unit 
and the environment, Which may include neighboring mod 
ule units. 

[0067] In various exemplary embodiments, the informa 
tion is obtained by sensors. The sensors may be any knoWn 
or later developed sensors or sensing devices and/or meth 
ods. In various exemplary embodiments, the sensors are 
disposed on and/or in the module units. In various exem 
plary embodiments, the sensors are for detecting the objects 
120 and 130 and/or the bounds of the environment for the 
membrane 100. In various exemplary embodiments, the 
sensors are infrared sensors. 

[0068] In other various exemplary embodiments, the 
information is obtained by a module unit communicating 
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With the environment. For example, in various exemplary 
embodiments, the module units communicate With one 
another. In various exemplary embodiments, the module 
units only communicate With immediately adjacent module 
units. In other exemplary embodiments the module units 
communicate With the objects 120 and 130 and/or the 
bounds of the environment. Any knoWn or later developed 
methods and/or devices for communication may be used. In 
various exemplary embodiments, the communication is con 
ducted by Wireless communication. 

[0069] It should be appreciated that in various exemplary 
embodiments, the module units may include only sensors, 
communication devices or both. It should also be appreci 
ated that the sensors and the communication devices may be 
combined into a single device. Further, it should be appre 
ciated that in various exemplary embodiments, the informa 
tion obtained via devices for sensing and communicating 
may include such properties of the objects as, but not limited 
to: color; siZe; shape; temperature; density; Weight; stiffness; 
elasticity; charge; force; re?ectivity; magnetic ?ux; conduc 
tivity; frictionality; compressibility; movement; communi 
cation With the objects; the Way any of the above attributes 
change over time; and the Way any of the above attributes 
vary across the object. 

[0070] The information obtained by the module units is 
processed based on the control method that the module units 
110 are to folloW for their respective functions. 

[0071] The processing of the information results in func 
tion instructions for the respective module unit 110. The 
function instructions are instructions for the module unit 110 
to perform a particular function or functions. The function 
instructions also include a non-function instruction, Which 
instructs a module unit 110 not to perform any function. In 
this exemplary embodiment, the function instructions are 
movement, communication, and internal state change 
instructions. HoWever, it should be appreciated that the 
function instructions could include a variety of actions/ 
functions. For example, in various exemplary embodiments, 
the functions include, but are not limited to: to communicate 
With the environment, to connect With another module unit, 
to not move, and/or to change an internal state of the module 
unit. 

[0072] In other various exemplary embodiments, the func 
tion instructions are effector instructions for the respective 
module unit 110. For example, a module unit having a 
faceplate for latching may attach to or detach from a 
neighboring module unit, for example by latching or 
unlatching its faceplate to the faceplate of an adjacent 
module unit. 

[0073] In various exemplary embodiments, the function 
instructions are communication instructions for the respec 
tive module unit 110. For example, module units may send 
and receive messages to other module units. These messages 
can include the sharing of any type of information, requests 
for information, etc. 

[0074] In other various exemplary embodiments, the func 
tion instructions are instructions for changing the internal 
state of a module unit, including but not limited to changing 
the contents of an internal memory for the respective module 
unit 110, such as, storing the results of calculations, sensor 
readings, or planned actions for future reference. 
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[0075] In various exemplary embodiments, Wherein the 
functions are movements of the module units, the movement 
of each module unit is limited to a set of prede?ned 
limitations. For example, the module units may have physi 
cal structures that limit the movement of the module units 
110. In other exemplary embodiments, the movement limi 
tations may be set in an attempt to keep the module units 
together as a group. An example of a speci?c movement 
limitation is that a module unit can only move When it is 
adjacent to at least one other module unit. 

[0076] With each of the module units 110 acting indepen 
dently, based only on their respective environmental infor 
mation, the membrane as a Whole behaves as desired. 

[0077] The method that the individual module units 110 
are folloWing Will determine hoW the module units 110 
behave collectively. The control method in various exem 
plary embodiments is a computer program. In various exem 
plary embodiments, the computer program is developed 
using genetic programming techniques, such as but not 
limited to, the automatic control program generation tech 
niques disclosed in copending US. patent application Ser. 
No. 09/611,395, ?led Jul. 7, 2000, Which is incorporated 
herein by reference in its entirety. 

[0078] It should also be appreciated that the ?rst and 
second attributes of objects 120 and 130 may be any type of 
attribute that can be acquired or learned by the module units 
110 through their information obtaining methods and 
devices. It should also be appreciated that each object may 
have multiple attributes and that an attribute can change over 
time and across the actual object. In various exemplary 
embodiments, the attributes are, but are not limited to, any 
of the folloWing: color; siZe; shape; temperature; density; 
Weight; stiffness; elasticity; charge; force; re?ectivity; mag 
netic ?ux; conductivity; frictionality; compressibility; 
movement of the objects; communication With the object; 
the Way any of the above attributes change over time; and 
the Way any of the above attributes vary across the object. 

[0079] In various exemplary embodiments, the membrane 
100 includes a mechanism, not shoWn, for activating and 
deactivating the membrane 100. The activation mechanism 
is an “on/off” sWitch for the membrane 100. In various 
exemplary embodiments, the mechanism is activated 
through knoWn or later developed Wireless communication 
methods and devices. In other various exemplary embodi 
ments, the activation mechanism is disposed on the mem 
brane 100 or the module units 110 so that a user can 
manually activate the mechanism. In other various exem 
plary embodiments, the activation mechanism includes a 
plurality of devices that activate individual module units 
110. 

[0080] FIGS. 2A-2C display an exemplary embodiment of 
a smart membrane 200 according to the invention. The smart 
membrane 200 includes a plurality of module units 210. The 
smart membrane 200 in this exemplary embodiment is 
functioning as a bi-directional ?lter for objects 220 and 230. 
It should be appreciated that the membrane 200 is identical 
to the membrane 100 except that the membrane 200 is 
functioning as a bi-directional ?lter. In other Words, the 
objects 220 and 230 approach the membrane 200 from tWo 
directions and the membrane 200 ?lters the objects 220 and 
230 based on attributes of the objects, such that the objects 
220 are ?ltered to be beloW the membrane 200 and the 
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objects 230 are ?ltered to be above the membrane. It should 
also be appreciated that the objects 220 and 230 are identical 
to the objects 120 and 130. FIG. 2A displays an initial stage 
of the ?ltering, FIG. 2B displays an intermediate stage of the 
?ltering and FIG. 2C displays a ?nal stage of the ?ltering. 
As shoWn in FIG. 2B, temporary transport channels 240 are 
created by the functions/actions of the module units 210. 
The temporary channels 240 alloW the objects 220 and 230 
to pass through the membrane 200. 

[0081] FIGS. 3A-3C display an exemplary embodiment of 
a smart membrane 300 according to the invention. The smart 
membrane 300 includes a plurality of module units 310. The 
smart membrane 300 in this exemplary embodiment is 
functioning as a sorter for objects 320 and 330. It should be 
appreciated that the membrane 300 is identical to the mem 
brane 100 except that the membrane 300 is functioning as a 
sorter. In this exemplary embodiment, the objects 320 and 
330 approach the membrane 300 from one direction (the top 
of the membrane 300) and the membrane 300 sorts the 
objects 320 and 330 based on attributes of the objects, such 
that the objects 320 are sorted to be one ?rst side of a region 
beloW the membrane 300 and the objects 330 are sorted to 
be a second side of the region beloW the membrane. It should 
also be appreciated that the objects 320 and 330 are identical 
to the objects 120 and 130. FIG. 3A displays an initial stage 
of the sorting, FIG. 3B displays an intermediate stage of the 
sorting and FIG. 3C displays a ?nal stage of the sorting. As 
shoWn in FIG. 3B, temporary transport channels 340 are 
created by the functions/actions of the module units 310. 
The temporary channels 340 alloW the objects 320 and 330 
to pass through the membrane 300. 

[0082] FIGS. 4A-4C display an exemplary embodiment of 
a smart membrane 400 according to the invention. The smart 
membrane 400 includes a plurality of module units 410. The 
smart membrane 400 in this exemplary embodiment is 
functioning as an absorber for absorbing either objects 420 
or 430 based on one or more attributes of the objects. It 
should be appreciated that the membrane 400 is identical to 
the membrane 100 except that the membrane 400 is func 
tioning as an absorber. In this exemplary embodiment, the 
objects 420 and 430 approach the membrane 400 from 
above the membrane 400. The membrane 400 absorbs only 
the objects having a predetermined attribute or attributes. In 
this embodiment, the objects 420 have the appropriate 
predetermined attribute, Whereas the objects 430 do not. The 
membrane 400 absorbs the objects 420 and keeps the objects 
430 out of the membrane based on the attributes of the 
respective objects. It should also be appreciated that the 
objects 420 and 430 are identical to the objects 120 and 130. 
FIG. 4A displays an initial stage of the absorbing, FIG. 4B 
displays an intermediate stage of the absorbing and FIG. 4C 
displays a ?nal stage of the absorbing. As shoWn in FIG. 4B, 
temporary transport channels 440 are created by the func 
tions/actions of the module units 410. The temporary chan 
nels 440 alloW the objects 420 and 430 to pass into the 
membrane 400. 

[0083] FIG. 5 is a block diagram of an exemplary embodi 
ment of a module unit 500 for an exemplary smart mem 
brane according to the invention. The module unit 500 
includes a module control circuit, routine or manager 510, a 
memory 520, a sensor 530, a communication circuit 540 and 
a function circuit, routine or manager 550, each connected to 
a signal/data bus 512. 
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[0084] The sensor 530 includes at least one sensor for 
obtaining information about the environment around the 
module unit 500, as discussed above. The information 
obtained by the sensor 530 is provided to the module control 
circuit, routine or manager 510. In various other exemplary 
embodiments, the sensed information is stored in the 
memory 520, such that the sensed information can be 
subsequently recalled for evaluation or the like. 

[0085] The communication circuit, routine or manager 
540, controls the communication of the module unit 500 to 
obtain information about the environment around the mod 
ule unit 500, as discussed above. The communication circuit, 
routine or manager 540, in various exemplary embodiments, 
includes obtaining a neW method for the module control 
circuit, routine or manager 510 to use for controlling the 
module unit. The information obtained by the communica 
tion circuit, routine or manager 540, is provided to the 
module control circuit, routine or manager 510. In various 
other exemplary embodiments, the communication informa 
tion is stored in the memory 520, such that the communi 
cation information can be subsequently recalled for evalu 
ation or the like. 

[0086] It should be appreciated that the communication 
circuit 540 and the sensor 530 can be elements integrated 
into a single device. 

[0087] The module control circuit, routine or manager 510 
includes the method for controlling the functions of the 
module unit 500. The module control circuit, routine or 
manager 510 executes the control method and generates 
function instructions based on the information obtained by 
the sensor 530 and the communication circuit, routine or 
manger 540. In this exemplary embodiment, the information 
obtained by the sensor 530 and the communication circuit, 
routine or manager 540, is information that is local to the 
module unit 500. The function instructions are provided to 
the function circuit, routine or manager 550. In various other 
exemplary embodiments, the function instructions are stored 
in the memory 520, such that the function instructions can 
be subsequently recalled for evaluation or the like. 

[0088] The function circuit, routine or manager 550, per 
forms functions based on the function instructions from the 
module control circuit, routine or manager 510. In various 
exemplary embodiments, the function circuit, routine or 
manager 550 controls movement motors disposed on and/or 
in the module unit 500 based on the function instructions. 

[0089] As shoWn in FIG. 5, the memory 520 can be 
implemented using any appropriate combination of alter 
able, volatile, or non-volatile memory or non-alterable, or 
?xed memory. The alterable memory, Whether volatile, or 
non-volatile, can be implemented using any one or more of 
static or dynamic RAM, a ?oppy disk and disk drive, a 
Writable or reWritable optical disk and disk drive, a hard 
drive, ?ash memory or the like. Similarly, the non-alterable 
or ?xed memory can be implemented using any one or more 

of ROM, PROM, EPROM, EEPROM, an optical ROM disk, 
such as a CD-ROM or DVD-ROM disk, and disk drive or 
the like. 

[0090] The memory 520 can store any information 
obtained by the sensor 530 or the communication circuit, 
routine or manager 540, any information generated by the 
function circuit, routine or manager 550 or the function 
instruction from the module control circuit routine or man 
ager 510. 
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[0091] Further, it should be appreciated that the data bus 
512 connecting the memory 520 to the module control unit 
510 can be a Wired or Wireless link to a netWork (not shoWn). 
The netWork can be a local area netWork, and intranet, or any 
other distributed processing and storage netWork. 

[0092] It should also be understood that each of the 
circuits, routines or managers shoWn in FIG. 5 can be 
implemented as portions of a suitably programmed general 
purpose computer. Alternatively, each of the circuits, rou 
tines or managers shoWn in FIG. 5 can be implemented as 
physically distinct hardWare circuits, routines or managers 
Within an ASIC, or using a FPGA, a PDL, a PLA or a PAL, 
or using discrete logic elements or discrete circuit, routine or 
manager elements. The particular form of each of the 
circuits, routines or managers shoWn in FIG. 5 is a design 
choice. 

[0093] FIG. 6 is a block diagram of an exemplary embodi 
ment of a module unit 600 for an exemplary smart mem 
brane according to the invention. The module unit 600 
includes an I/O interface 620, a modular unit controller 630, 
a memory 640, a sensor 650, a communication circuit 660 
and a function circuit, routine or manager 670, each con 
nected to a signal/data bus 612. The I/O interface 620 is 
connected to a module controller circuit, routine or manager 
610 by a link 612. 

[0094] The link 612 can be any knoWn or later developed 
device or system that can connect the module controller 
circuit, routine or manager 610 to the module unit 600, 
including a direct cable connection, a connection over a 
Wide area netWork or a local area netWork, a connection over 

an intranet, a connection over the Internet, or a connection 
over any other distributed processing netWork or system. In 
general, the link 612 can be any knoWn or later developed 
connection system or structure. 

[0095] The sensor 650 includes at least one sensor for 
obtaining information about the environment around the 
module unit 600, as discussed above. The information 
obtained by the sensor 650 is provided to the module 
controller circuit, routine or manager 610 via the I/O inter 
face 620, under the control of the modular unit controller 
630. In various other exemplary embodiments, the sensed 
information is stored in the memory 640, under the control 
of the modular unit controller 630 such that the sensed 
information can be subsequently recalled for evaluation or 
the like. 

[0096] The communication circuit, routine or manager 
660, controls the communication of the module unit 600 to 
obtain information about the environment around the mod 
ule unit 600, as discussed above. The information obtained 
by the communication circuit, routine or manager 660 is 
provided to the module controller circuit, routine or manager 
via the I/O interface 620 under the control of the modular 
unit controller 630. In various other exemplary embodi 
ments, the communication information is stored in the 
memory 640 under the control of the controller, such that the 
communication information can be subsequently recalled 
for evaluation or the like. 

[0097] It should be appreciated that the communication 
circuit, routine or manager 660 and the sensor 650 can be 
elements integrated into a single device. 

[0098] The module controller circuit, routine or manager 
610 includes the method for controlling the functions of the 




















