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(57) ABSTRACT 
A wireless integrated network sensor (WINS) system is 
provided that integrates articulating tracking systems with 
WINS network components including visual or infrared 
sensors and imaging devices to enable precise tracking and 
targeting of objects moving through a sensor field or past a 
single integrated sensing and targeting unit. Further, arrays 
of sensors together with local signal processing are used to 
trigger cameras and tracking systems, and to provide an 
alternative location capability for improved robustness. The 
system is self-configuring and remotely controllable, and 
enables remote systems and operators to query for collected 
data, including sensory and image data, and control the 
system in response to the collected data. 
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AUTONOMOUS TRACKING WIRELESS IMAGING 
SENSOR NETWORK 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/329,069, filed Dec. 23, 2002, which 
claims the benefit of U.S. Provisional Application No. 
60/345,198, filed Jan. 2, 2002, and of U.S. Provisional 
Application No. 60/366,877, filed Mar. 22, 2002. Each of the 
foregoing applications is incorporated in its entirety herein 
by reference. This application is related to U.S. patent 
application Ser. Nos. 09/684,706, 09/684,565, 09/685,020, 
09/685,019, 09/684,387, 09/684,490, 09/684,742, 09/680, 
550, 09/685,018, 09/684,388, 09/684,162, and 09/680,608, 
all filed Oct. 4, 2000, 10/184,527, filed Jun. 28, 2002, 
10/188,514, filed Jul. 3, 2002, and 60/366,877 filed Mar. 22, 
2002. 

FIELD 

0002 The present invention relates to the sensing and 
tracking of moving objects using wireless integrated sensor 
networks. 

BACKGROUND 

0003) The Related Applications referenced above 
describe a network of wireless sensor nodes, referred to as 
wireless integrated network sensors (WINS). These nodes 
include communications, signal processing, data storage, 
and sensing capabilities, and the ability to autonomously 
form networks and perform cooperative signal processing 
tasks. These processing tasks include, for example, coop 
erative acoustic or seismic beam forming to locate targets or 
other nodes. This information can then, for example, control 
a camera to train upon the indicated location, if associated 
identification algorithms indicate that the target is of an 
interesting class. Human operators can be involved in the 
identification if information is conveyed from the sensor 
network. For example, the images and sensor data may be 
displayed using standard browsing tools, and commands 
sent to re-prioritize the activities of the remote network. 
0004 The seismic and acoustic location techniques can 
be vulnerable to a variety of environmental factors, and thus 
can have limited accuracy in Some deployment circum 
stances. For example, non-homogeneity of the terrain results 
in multipath propagation and variable propagation speeds, 
while wind and certain thermal conditions can affect the 
usefulness of acoustic ranging systems. Such systems can 
also have difficulty separating targets that are in close 
proximity. These deficiencies can, to some extent, be ame 
liorated using a Sufficiently dense network of sensors, but the 
signal processing tasks can then become very complicated. 
Moreover, it may demand energy-intensive communication 
of large quantities of data for coherent processing. 
0005. By contrast, if a line of sight exists between a node 
and a target, laser tracking systems like those described in 
U.S. Pat. No. 4,063,819, for example, are highly selective 
among targets and insensitive to most environmental con 
ditions on the ground except extreme fog. Numerous com 
mercial realizations of the laser tracking systems exist in 
compact form factors, such as for example the AN/PAQ-1 
compact laser designator. On the other hand, constant scan 
ning by active lasers is power intensive because of the laser 
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and the associated servo mechanisms, and the requirements 
for large amounts of power can be problematic in compact 
self-sufficient node packages. 

BRIEF DESCRIPTION OF THE FIGURES 

0006 FIG. 1 is a block diagram of a wireless integrated 
network sensor (WINS) system or network configured to 
locate and track objects, under an embodiment. 
0007 FIG. 2 is a block diagram of an imaging node 
including a tracking system, referred to herein as an imaging 
and tracking node, under an embodiment. 
0008 FIG. 3 is a block diagram of an imaging and 
tracking node, under an alternative embodiment of FIG. 2. 
0009 FIG. 4 is a flow diagram of a method for collecting 
data, under the embodiment of FIG. 1. 
0010. In the drawings, the same reference numbers iden 

tify identical or substantially similar elements or acts. To 
easily identify the discussion of any particular element or 
act, the most significant digit or digits in a reference number 
refer to the Figure number in which that element is first 
introduced (e.g., element 104 is first introduced and dis 
cussed with respect to FIG. 1). 
0011. The headings provided herein are for convenience 
only and do not necessarily affect the scope or meaning of 
the claimed invention. 

DETAILED DESCRIPTION 

0012. A wireless integrated sensor network is described 
below that includes articulating tracking systems. In the 
following description, numerous specific details are 
included to provide a thorough understanding of, and 
enabling description for, embodiments of the invention. One 
skilled in the relevant art, however, will recognize that the 
invention can be practiced without one or more of the 
specific details, or with other components, systems, etc. In 
other instances, well-known structures or operations are not 
shown, or are not described in detail, to avoid obscuring 
aspects of the invention. 
0013 The wireless integrated sensor network described 
herein combines the power and efficiency of passive sensors 
with the accuracy and selectivity of high-performance opti 
cal systems by integrating tracking systems like laser track 
ing systems, for example, with wireless integrated sensor 
networks equipped with visual or infrared imaging devices. 
Use of the tracking system allows components of the net 
work to provide precise location, tracking, and targeting of 
objects moving through a sensor field or past a single 
integrated sensing and targeting unit. Further embodiments 
Support arrays of sensors together with local signal process 
ing in order to trigger cameras and laser tracking systems, or 
to provide an alternative location means for improved 
robustness. The wireless integrated sensor network of an 
embodiment is remotely controllable and configurable, with 
communication links enabling remote operators to receive 
information from the network via queries for sensory and 
image data, and re-task the system. 
0014. The sensor node technology described in the 
Related Applications referenced above combines functions 
including signal processing, sensing, and radio communica 
tions together in one package. The nodes are capable of 
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self-configuration, that is, the organization and maintenance 
of their own network. Gateways provide connections to the 
outside world. Such systems enable monitoring of and 
control of the physical world through sensors and actuators. 
Their reach and use are greatly expanded through the use of 
technology that enables their control and monitoring using 
standard web browsing tools. Using this WINS web server 
technology, parameters of the remote nodes can be updated 
and new software and/or data loaded as it becomes available. 
Standard web protocols are used to enable secure commu 
nications sessions. Thus, the WINS nodes can manage 
communications to outside entities providing low installa 
tion cost, and allowing remote upgrades of Software. 
0015. In security applications, there is a need for systems 
that can locate and track in real-time objects that have 
penetrated a security perimeter. FIG. 1 is a block diagram of 
a wireless integrated network sensor (WINS) system or 
network 100 configured to locate and track objects, under an 
embodiment. The network 100 of an embodiment includes a 
variety of nodes 102-106, including gateway nodes 102. 
imaging nodes 104, and sensor nodes 106. The nodes 
102-106 function to couple an environment 199 to a remote 
command system 120, or remote system, via a communica 
tion network like a large-area network 110. In general, the 
nodes 102-106 accommodate any type of sensor input so 
that any physical input can be accommodated by the nodes 
102-106, as described in the Related Applications. 

0016. The sensor nodes 106 include non-imaging sen 
sors, like for example acoustic or thermal sensors, and may 
be used to relay communications, establish approximate 
target locations, and trigger activation of cameras. The 
sensor nodes 106 of an embodiment can also include track 
ing systems, but are not so limited. 

0017. The imaging nodes 104 use information propa 
gated among components of the network 100 to focus on 
target regions and, once targets are detected or acquired, 
track the targets. The imaging nodes 104 provide imaging 
capability using cameras coupled to the sensor ports of the 
imaging node 104, but the embodiment is not so limited. The 
imaging nodes can also track the targets using a tracking 
system, for example a laser tracking system or a video 
tracking system where the tracking system includes articu 
lating components. The imaging nodes 104 of various alter 
native embodiments include components of the sensor nodes 
106, like the non-imaging or other passive sensors, to form 
hybrid sensor/imaging nodes. 

0018. The gateway nodes 102, often referred to as gate 
ways 102, while communicating with various combinations 
and configurations of network components or elements like 
imaging nodes 104 and/or sensor nodes 106, establish links 
with wide- or large-area networks 110. The links between 
the gateway nodes 102 and the large-area network, for 
example, can be through a local command post or base 
station, and thence possibly to the Internet, but are not so 
limited. In this manner the gateway nodes 102 couple the 
components of the network 100, and hence information of 
the environment 199, to the large-area network 110. The 
gateway nodes 102 can also include any number and/or 
combination of sensor Suites, imaging devices, and tracking 
devices; indeed, the local network 100 might comprise only 
a small number of the gateway nodes 102. The gateway 
nodes 102 of various alternative embodiments can include 
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different combinations of components of the imaging nodes 
104 and the sensor nodes 106 to form hybrid nodes. 
0019 A remote command system or remote system 120 
collects and stores data from the nodes 102-106 of the 
deployed sensor network via the large-area network 110. 
The data is made available to users who can then query for 
particular information from the nodes 102-106 or command 
actions of the nodes 102-106, as described in the Related 
Applications. The network 100 of an embodiment might 
include a single gateway 102 equipped with imaging and 
non-imaging sensors, or multiple gateway nodes 102 that 
support different views of the objects entering the field, or a 
mix of components that include tags that get attached to 
objects entering the area under Surveillance. 
0020. Using the software architecture described in the 
Related Applications above, the nodes 102-106 can accept 
downloads of new or additional Software, grant secure and 
prioritized access to sensing and communications devices, 
and access remote services. For example, each node 102-106 
of an embodiment can include templates of identifying 
information of vehicles for use in processing collected data; 
the templates can include acoustic, thermal, and image data 
or information, for example. In cases where vehicle identi 
fication certainty is insufficient based on local node process 
ing, the nodes 102-106 can access information of larger 
databases accessible via couplings with other nodes and/or 
the large-area network. Also, the decision may be made 
using more Sophisticated algorithms and merging data from 
many sources; this can be accomplished by a combination of 
automatic processing and decisions by human operators. 
0021. The WINS node architecture supports integration 
of numerous types and/or combinations of components, 
including the imaging and tracking systems described 
above, as well as being incrementally and remotely upgrade 
able with software in Support of the integrated components, 
as described in the Related Applications. FIG. 2 is a block 
diagram of an imaging node 104 including a tracking 
system, under an embodiment. The imaging node 104 
includes, but is not limited to, at least one main processor 
201 and a real-time processor 202 or set of real time 
processors coupled to one or more buses 204. In an embodi 
ment, the real-time processor 202 mediates the buses 204 to 
control real-time processes, including sensors, actuators, and 
communications components. 
0022. As an example of on-board processes, the imaging 
node 104 of an embodiment includes and/or couples to a 
Global Positioning System (GPS) 210, an imaging system/ 
device 212, a tracking system/device 214, sensors 216 and 
218, and communication components 220 Such as radios. 
Additional components are added to the node 104 via 
couplings through the appropriate node mating ports with 
the buses 204, using the appropriate device drivers as 
described in the Related Applications. Higher level func 
tions such as target identification, data and image compres 
Sion, tracking, and network configuration can be hosted on 
the main processor 201, but are not so limited. 
0023 The processors 201 and 202, as described in this 
embodiment, couple among the buses 204 and the compo 
nents 210-220 of the imaging and tracking node 104, under 
program control. Alternatively, various other components 
(not shown) of the network of which the imaging nodes 104 
are components can also couple among and communicate 
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with the processors 201 and 202 and the components 210 
220 of the imaging nodes 104 to provide data of the 
environment from the imaging nodes 104 to a remote 
operator. 

0024. While one main processor 201, one real-time pro 
cessor 202, one bus 204, two sensors 216 and 218, and one 
each of the GPS 210, imaging system 212, tracking system 
214, and communications system 220 are shown, various 
alternative embodiments include any number and/or type of 
each of these components coupled in various configurations 
or combinations contemplated by one skilled in the art. 
Further, while the components 201-220 of the imaging node 
104 are shown as separate blocks, some or all of these blocks 
can be monolithically integrated onto a single chip, distrib 
uted among a number of chips or components of a host 
system or network, and/or provided by some combination of 
algorithms. The algorithms of the node components 210-220 
can be implemented in Software algorithm(s), firmware, 
hardware, and any combination of Software, firmware, and 
hardware. The term “processor as generally used herein 
refers to any logic processing unit, such as one or more 
central processing units (CPUs), digital signal processors 
(DSPs), application-specific integrated circuits (ASIC), etc. 
0.025 FIG. 3 is a block diagram of an imaging node 300, 
under an alternative embodiment of FIG. 2. The imaging 
node 300 includes, but is not limited to, a main processor 
201 and a real-time processor 202 or set of real time 
processors coupled to one or more buses 204. In an embodi 
ment, the real-time processor 202 mediates the buses 204 to 
control real-time processes of components coupled to the 
buses 204. As an example, the node 300 of an embodiment 
includes Global Positioning System (GPS) 210, an imaging 
system/device in the form of a camera 312, a tracking 
system/device in the form of a laser tracking system 314, 
sensors 216 and 218, and communication components 220. 
These components are added to the imaging node 300 using 
couplings through the appropriate node mating ports to the 
buses 204, with appropriate device drivers. 
0026. The camera system 312 of an embodiment includes 
any combination of visual and thermal or infrared imaging 
elements. The camera system 312 can share servo mecha 
nisms (not shown) with the laser tracking system 314 to 
enable two degrees of rotational freedom or, alternatively, 
employ a less finely calibrated set of motors. The imaging 
devices of the camera system 312 can include various Zoom 
capabilities, but are not so limited. Acoustic sensors like 
directional microphones or microphone arrays can likewise 
share any servo mechanisms of the imaging node 300 in 
Support of the gathering of directional acoustic information, 
as can any number/type of antenna systems. 

0027. The imaging node of an embodiment can be con 
structed using a variety of form factors. One embodiment 
can include a camera, sensor, laser designator, and antenna 
assembly mounted on a telescoping appendage to provide 
improved line of sight and elevation, but which may be 
lowered for unobtrusiveness or protection from harsh envi 
ronmental conditions. In another embodiment, the imager is 
coupled to the host node/platform via wiring and be 
mounted on a fixed facility (e.g., a building, a post, a tree). 
0028. Articulating tracking imaging systems improve the 
deployability of the networks of which they are a component 
because, when camera orientation is fixed, precise deploy 
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ment of the network is required to ensure overlapping fields 
of view. Ability to both change orientation and Zoom enables 
far more freedom in node deployment, making possible 
alternatives to hand emplacement. Further, attention can be 
focused upon interesting events in the field of view, permit 
ting a smaller number of network elements to be deployed. 
Likewise, articulation enables directional antennas to be 
employed, enabling extended range communication at low 
power, without the need for manual alignment of the anten 
nas. In this way, images can be conveyed over longer 
distances than would be possible with fixed omnidirectional 
elements. Such features are large advantages in situations 
Such as military operations in which rapid, autonomous 
deployment of sensing systems will free personnel from risk 
and undue use of their time and attention. Given that the 
WINS technology also provides for autonomous establish 
ment of the sensor network and for remote re-tasking, the 
result is that the complete tracking imaging system can be 
conveniently established. 
0029) Regarding tracking systems of the imaging node 
300, the use of a laser tracking system 314 provides a tight 
beam and a long technological history, enabling reliable 
tracking of particular targets even in the presence of many 
targets. However, as noted above, this may be supplemented 
with or replaced by other tracking devices such as tags, 
acoustic or seismic beam forming, and/or proximity detec 
tion in dense sensor fields to deal with loss of line of sight 
due to weather or physical obstructions. These other tracking 
devices can assist with acquisition and reacquisition of 
targets or enable a lower level of tracking accuracy that may 
Suffice in certain instances. Moreover, integration of the 
optical systems with other components can increase the 
number of events that can automatically be identified, reduc 
ing the frequency of human operator interactions and the 
bandwidth required for communications with remote net 
works. 

0030) Images, whether alone or in combination with 
acoustic signals, are particularly effective means for human 
operators to identify particular objects in that natural facul 
ties are engaged. Image or acoustic processing software 
together with Software for analysis of other sensory outputs 
as is known in the art may be used in the triggering decision 
or to assist the human operator in the identification. How 
ever, such software is rarely definitive as to making deci 
sions for actions. Thus, any of the nodes 102-106 of an 
embodiment, with reference to FIG. 1, can host software that 
fuses information from different sensor types like imaging 
and non-imaging sensors, so that vehicle types of interest 
can automatically be made Subjects of the node tracking 
system. 

0031 Tracking by the network as a whole can be 
enhanced by fusing information from multiple sensors, 
including cameras, and forwarding information on targets 
being tracked to nearby nodes. In this way, nodes go to 
higher levels of alertness to resume tracking of targets that 
may temporarily have been occluded by obstructions. With 
the use of fusing, the role of the remote operator becomes 
that of determining which vehicles are the subject of target 
ing or Surveillance by other network assets. This decision 
can be assisted, for example, by confidence levels from 
signal processing algorithms operating on the seismic, mag 
netic, or acoustic sensor array outputs, or can be made purely 
from the images or acoustic streams. 
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0032 FIG. 4 is a flow diagram 400 for collecting data 
using imaging nodes, under the embodiment of FIG. 1. The 
nodes of an embodiment are self-organizing in that they 
automatically organize among the elements of the network 
of which they are a member, at block 402. The organizing 
includes coupling and configuring the nodes for information 
gathering and transfer among other nodes of the network and 
at least one remote system, as described in the Related 
Applications. In an embodiment, the nodes are coupled to 
the remote system via a communication network like a 
large-area network, but are not so limited. The nodes are 
remotely controlled via the remote system, at block 404. 
0033 Component systems of the nodes include at least 
one of location systems, communication systems, numerous 
types of sensors, and articulating sensors like imaging 
systems and tracking systems. These component systems 
use the on-board sensors along with couplings to informa 
tion of neighboring nodes to detect targets in the environ 
ment local to the node, at block 406. The articulating sensors 
use the on-board sensor information to track the detected 
targets, at block 408. The articulating sensors include track 
ing systems like laser tracking systems, but are not so 
limited. The information gathered by the sensors and the 
articulating sensors is transferred to the remote system, at 
block 410, via a combination of other network nodes and 
components of the large-area network. 
0034. As an operational example, consider the scenario in 
which a single vehicle enters a secure perimeter or environ 
ment. Sensor nodes detect the vehicle's presence using 
acoustic or thermal sensors, for example, and possibly 
provide a preliminary indication of the vehicle type. The 
sensor nodes can also cooperate to determine the approxi 
mate vehicle position. Two imaging nodes or sensor nodes 
with imaging systems are controlled to take pictures. A 
remote operator is alerted, who then selects the target of 
interest in the browser image. The laser tracking system 
thereafter tracks the selected target while it remains within 
a line of sight of the imaging nodes. 
0035) In another example scenario, multiple vehicles 
enter the perimeter under surveillance. The remote operator 
selects particular vehicles for tracking (for example, the first 
and last vehicles of a convoy), and the imaging nodes begin 
tracking of the selected vehicles using the information of the 
selected vehicle. The remote system can further link the 
tracking information of the imaging nodes to weapon or 
other targeting systems in a situation where further ingress 
of the area by the vehicles is to be prevented. 
0036) Alternatively, tracking can be accomplished with 
out the assistance of a laser tracking system or designator by 
using recognition Software operating on the image data. The 
recognition Software can be hosted on any nodes or com 
ponents of the network or alternatively, distributed among 
the nodes and components of the network. In this embodi 
ment, the camera moves to keep the target vehicle or person 
within the field of view. Tracking can be assisted by the use 
of other sensors, either resident on the node with the camera 
or elsewhere in the network. 

0037 Examples of security applications using the WINS 
systems described herein include establishment of perim 
eters around factories, airports and other public facilities, 
military forces, and securing of borders. Such systems can 
also include face or speech recognition software along with 
the targeting to improve recognition probabilities. 
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0038 While object location, identification, and tracking 
has been described largely in the context of sensor networks, 
it will be apparent to those skilled in the art that the 
architecture described above will be of use in a wide variety 
of other human-machine interface applications. These appli 
cations include, but are not limited to, notebook computers, 
personal digital assistants, personal computers, security 
posts, and situations in which computing devices and/or 
peripherals are upgraded over time. 

0039 Aspects of the invention may be implemented as 
functionality programmed into any of a variety of circuitry, 
including programmable logic devices (PLDS), such as field 
programmable gate arrays (FPGAs), programmable array 
logic (PAL) devices, electrically programmable logic and 
memory devices and standard cell-based devices, as well as 
application specific integrated circuits (ASICs). Some other 
possibilities for implementing aspects of the invention 
include: microcontrollers with memory (such as electroni 
cally erasable programmable read-only memory 
(EEPROM)), embedded microprocessors, firmware, soft 
ware, etc. If aspects of the invention are embodied as 
Software, the Software may be carried by any computer 
readable medium, Such as magnetically- or optically-read 
able disks (fixed or floppy), modulated on a carrier signal or 
otherwise transmitted, etc. Furthermore, aspects of the 
invention may be embodied in microprocessors having 
Software-based circuit emulation, discrete logic (sequential 
and combinatorial), custom devices, fuzzy (neural) logic, 
quantum devices, and hybrids of any of the above device 
types. The underlying device technologies may be provided 
in a variety of component types, e.g., metal-oxide semicon 
ductor field-effect transistor (MOSFET) technologies like 
complementary metal-oxide semiconductor (CMOS), bipo 
lar technologies like emitter-coupled logic (ECL), polymer 
technologies (e.g., silicon-conjugated polymer and metal 
conjugated polymer-metal structures), mixed analog and 
digital, etc. 

0040. Unless the context clearly requires otherwise, 
throughout the description, the words “comprise.'"compris 
ing, and the like are to be construed in an inclusive sense 
as opposed to an exclusive or exhaustive sense; that is to say, 
in a sense of “including, but not limited to.” Words using the 
singular or plural number also include the plural or singular 
number respectively. Additionally, the words “herein, 
“hereunder, and words of similar import, when used in this 
application, shall refer to this application as a whole and not 
to any particular portions of this application. 

0041. The above description of illustrated embodiments 
of the invention is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. While specific 
embodiments of, and examples for, the invention are 
described herein for illustrative purposes, various equivalent 
modifications are possible within the scope of the invention, 
as those skilled in the relevant art will recognize. The 
teachings of the invention provided herein can be applied to 
other processing and sensor Systems, not only for the pro 
cessing and sensor systems described above. 

0042. The elements and acts of the various embodiments 
described above can be combined to provide further embodi 
ments. All of the above references and U.S. patents and 
patent applications are incorporated herein by reference. 
Aspects of the invention can be modified, if necessary, to 
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employ the systems, functions and concepts of the various 
patents and applications described above to provide yet 
further embodiments of the invention. 

0043. These and other changes can be made to the 
invention in light of the above detailed description. In 
general, the terms used in the following claims should not be 
construed to limit the invention to the specific embodiments 
disclosed in the specification and the claims, but should be 
construed to include all systems that operate under the 
claims. Accordingly, the invention is not limited by the 
disclosure, but instead the scope of the invention is to be 
determined entirely by the claims. 
0044) While certain aspects of the invention are presented 
below in certain claim forms, the inventors contemplate the 
various aspects of the invention in any number of claim 
forms. Accordingly, the inventors reserve the right to add 
additional claims after filing the application to pursue Such 
additional claim forms for other aspects of the invention. 

1. A wireless sensor network comprising: a plurality of 
nodes, the plurality of nodes are self-configurable and 
coupled to at least one remote system via at least one 
coupling and components over a wide area network, the 
nodes automatically organize to form the sensor network in 
response to information communicated among the nodes, 
the information including amount of power available to each 
of the nodes, the automatic organizing comprises automati 
cally coupling and configuring the nodes to form the sensor 
network and automatically controlling data transfer, pro 
cessing, and storage within the sensor network, functions of 
the nodes are remotely controllable and programmable via 
internetworking among the nodes by the remote system, and 
the nodes include at least one sensor to collect data from an 
environment. 

2. The sensor network of claim 1, wherein at least one of 
the nodes includes an articulating sensor, and wherein the 
articulating sensor is at least one of a tracking system, an 
imaging system, and an antenna. 

3. The sensor network of claim 1, wherein the plurality of 
nodes includes two or more node types, wherein a first node 
type includes at least one passive sensor and a second node 
type includes an articulating sensor. 

4. The sensor network of claim 1, wherein at least one of 
the plurality of nodes is a gateway that communicates with 
the components of the wide area network. 

5. A sensor node of a wireless sensor network comprising: 
at least one processor coupled to at least one communi 

cation device, the at least one processor automatically 
couples the sensor node to and configures the sensor 
node among a plurality of network elements and auto 
matically controls communication with and control of 
a flow of information among the network elements, the 
information including amount of power available to 
each of the network elements, the network elements are 
self-configurable and couple among an environment 
and at least one remote client system, via at least one 
coupling and components over a wide area network, to 
support remote controllability of the sensor node via 
the remote client system; and 

at least one articulating sensor to gather information from 
the environment. 

6. The node of claim 5, further comprising at least one 
sensor coupled to the processor to detect at least one target. 
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7. The node of claim 5, further comprising a photographic 
system. 

8. The node of claim 5, wherein the articulating sensor is 
at least one of tracking system, a laser tracking system, and 
an optical tracking system. 

9. The node of claim 5, wherein the plurality of network 
elements includes at least one gateway, at least one server, 
and components of at least one wide area network. 

10. A method of collecting data in a wireless sensor 
network, comprising: 

automatically organizing a plurality of network elements 
including a plurality of nodes locally disposed among 
an environment and at least one remote client system, 
the plurality of nodes are self-configurable, the orga 
nizing includes automatically coupling and configuring 
the plurality of nodes for self-assembly and further 
includes coupling and controlling a flow of information 
among the network elements, the information including 
amount of power available to each of the nodes, and at 
least one of the plurality of nodes includes an articu 
lating sensor, 

remotely controlling at least one function of the plurality 
of nodes, via at least one coupling and components over 
a wide area network, using the at least one remote client 
system; 

detecting a target in the environment using information 
gathered by the articulating sensor; and 

collecting and transferring data associated with the target 
to the remote client system. 

11. The method of claim 10, further comprising manipu 
lating the collected data, wherein manipulating includes at 
least one of routing, fusing, processing, evaluating, and 
storing the collected data. 

12. The method of claim 11, wherein the plurality of 
nodes comprises a first node, and wherein fusing comprises 
the first node collecting and processing data from at least 
another of the plurality of nodes. 

13. The method of claim 10, wherein: 
the plurality of nodes comprises at least one passive 

sensor, and 
detecting the target comprises using the at least one 

passive sensor in addition to the articulating sensor. 
14. The method of claim 10, wherein the articulating 

sensor is at least one of a tracking system, an antenna, and 
an active sensor. 

15. The method of claim 14, wherein the tracking system 
is at least one of a laser tracking system, an optical tracking 
System, and an imaging System. 

16. The method of claim 10, further comprising: 
collecting optical data of the target using at least one 

optical sensor of the plurality of nodes; and 
identifying and designating the target using the optical 

data. 
17. The method of claim 13, wherein the at least one 

passive sensor and the articulating sensor are on different 
nodes of the plurality of nodes. 

18. The method of claim 10, wherein the plurality of 
network elements includes at least one gateway, at least one 
server, and components of at least one communication 
network. 
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19. A sensor network comprising a plurality of nodes, 
wherein: 

the plurality of nodes comprises a first node including at 
least one sensor to collect data from an environment; 

the plurality of nodes is coupled to communicate with at 
least one remote system; 

the plurality of nodes automatically couples and config 
ures to form the sensor network in response to infor 
mation communicated among the plurality of nodes; 

at least one function of the plurality of nodes is remotely 
controllable; and 

the plurality of nodes distributes processing of the col 
lected data from the first node to another of the plurality 
of nodes in response to the available node energy of at 
least one of the plurality of nodes. 

20. The sensor network of claim 19, wherein automati 
cally couples and configures includes organizing the plural 
ity of nodes to reduce energy consumption within the sensor 
network. 

21. A method for collecting and processing data in a 
sensor network, comprising: 

automatically coupling a plurality of nodes among an 
environment, wherein the plurality of nodes includes a 
first node having at least one processor and at least one 
sensor coupled to provide data to the at least one 

Feb. 7, 2008 

processor, and wherein the plurality of nodes are Sur 
veyed at random intervals for new nodes; 

collecting data from the environment using the at least 
one sensor; and 

remotely controlling at least one function of the plurality 
of nodes. 

22. The method of claim 21, wherein the at least one 
processor is operable to cycle into and out of a low power 
State. 

23. The method of claim 21, wherein the at least one 
processor comprises: 

a first processor operable to perform real-time processing 
of sensor data received from the at least one sensor and 
to provide output data corresponding to the sensor data; 
and 

a second processor, coupled to the first processor, oper 
able to perform processing of the output data. 

24. The method of claim 23, wherein the first processor 
and the second processor are disposed on a single chip. 

25. The method of claim 21, wherein at least one node of 
the plurality of nodes comprises two radio ports for auto 
matically coupling the at least one node to two other nodes 
of the plurality of nodes. 


