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(57) ABSTRACT 
In general, the present invention provides in one aspect 
thereof a device for proximity-based communication 
between the device and at least a Second device. The device 
preferably includes: a communication unit adapted to com 
municate between the first device and the Second device in 
a wireleSS manner; a network layer that includes a commu 
nication Specification for communicating information 
between the device and the Second device through the 
communication unit, the network layer being adapted to 
determine or detect physical proximity between the device 
and the Second device and communicate information regard 
ing detection of physical proximity between the device and 
the Second device or a lack of detection of physical proX 
imity between the device and the second device; a PAN Cell 
Management layer that receives the physical proximity 
information from the network layer over time, the PAN Cell 
Management layer translating the physical proximity detec 
tion information received over time into time-and proximity 
based events, and an application layer including a memory 
in which at least one computer application is Stored, the PAN 
Cell Management layer communicating information of 
occurrence of at least one of the proximity-based events to 
the computer application So that the computer application 
can perform a task programmed to be performed on occur 
rence of the one of the proximity-based events. 
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SYSTEMS, DEVICES AND METHODS FOR USE IN 
PROXMITY-BASED NETWORKING 

RELATED APPLICATION 

0001 U.S. Provisional Patent Application Serial No. 
60,165,54 entitled SYSTEMS, DEVICES AND METHODS 
FOR USE IN PROXIMITYBASED NETWORKING fled 
Nov. 15, 1999, the disclosure of which is incorporated herein 
by reference. 

FIELD of the INVENTION 

0002 The present invention relates to systems, devices 
and methods for use in proximity-based networking and, 
especially, to Systems, devices and methods for use in 
proximity-based networking and programming using wire 
leSS communication. 

BACKGROUND of the INVENTION 

0003 Low cost information access devices (such as cel 
lular phones and hand held computers) are becoming ubiq 
uitous and traditional laptops and personal computers are 
quickly evolving to more readily operate in a wireleSS 
environment. AS these devices are able to directly and 
indirectly interact with each other over Short-range, wireleSS 
communications (for example, radio frequency) systems, a 
new class of applications will emerge. 
0004. The present invention provides a programming 
paradigm to facilitate Such new applications. 

SUMMARY Of the INVENTION 

0005. In general, the present invention provides, in one 
aspect thereof, a device for proximity-based communication 
between the device and at least a Second device. The device 
preferably includes: 

0006 a communication unit adapted to communi 
cate between the first device and the Second device 
in a wireleSS manner; 

0007 a network layer that includes a communica 
tion Specification for communicating information 
between the device and the Second device through 
the communication unit, the network layer being 
adapted to determine or detect physical proximity 
between the device and the Second device and com 
municate information regarding detection of physi 
cal proximity between the device and the Second 
device or a lack of detection of physical proximity 
between the device and the Second device; 

0008 a PAN Cell Management layer that receives 
the physical proximity information from the network 
layer over time, the PAN Cell Management layer 
translating the physical proximity detection informa 
tion received over time into time-and proximity 
based events, 

0009 an application layer including a memory in 
which at least one computer application is Stored, the 
PAN Cell Management layer communicating infor 
mation of occurrence of at least one of the proximity 
based events to the computer application So that the 
computer application can perform a task pro 
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grammed to be performed on the occurrence of one 
of the proximity-based events. 

0010. The device preferably further includes a network 
protocol layer that includes a protocol for transmission of 
data between the device and the Second device through the 
network layer. The network protocol layer preferably com 
municates information in packets. 
0011 Preferably, each of the network layer, the network 
protocol layer, the PAN Cell Management layer and the 
proximity applications layer are embodied in Software Stored 
in the memory of the device. 
0012. The PAN Cell Management layer preferably aggre 
gates recurring physical proximity detection. information 
(that is, physical proximity or lack of physical proximity) 
received from the network layer over time. The PAN Cell 
Management layer preferably translates the detection infor 
mation received over time into one of the time-and proX 
imity-based events. Each of the time-and proximity-based 
events is thus a representation of the proximity of the device 
in relation to the Second device at the time of translation. 
Example of time-and proximity-based events include, but 
are not limited to, an entered device proximity event, a still 
within device proximity event, a temporarily left device 
proximity event, a returned to device proximity event, and 
an exited device proximity event. 
0013 The task performed by the computer application 
can, for example, include communication of data to the 
Second device or to a third device. The third device can, for 
example, be in “hardwired communication with the device. 
Alternatively, the third device may be in proximity with the 
device and the communication with the third device may be 
wireleSS communication through the communication unit. 
0014. In a further aspect, the present invention provides 
a System including a plurality of devices as described above. 
0015 The communication unit, the network layer, the 
PAN Cell Management layer and the application layer can, 
for example, reside in a single mobile device. Moreover, the 
communication unit and the network layer can be Stationary 
or location bound and be separated in location from the PAN 
Cell Management layer and the application layer. In general, 
the functionalities of the network layer and the functional 
ities of the PAN Cell Management layer are split into two 
devices. A plurality of communication unit and network 
layer pairings can also be provided with each Such pairing 
being located at a different position. Each Such pairing is 
preferably operable to detect proximity with a mobile device 
and communicate information regarding detection of physi 
cal proximity of the mobile device to the PAN Cell Man 
agement layer. 
0016. In another aspect, the present invention provides a 
method for event-based programming that operates upon the 
basis of proximity over time between a first device and at 
least a Second device. The method includes the Steps of: 

0017 registering in a memory of the first device an 
application that performs a task on the basis of the 
occurrence of at least one of a plurality of time-and 
proximity-based events, 

0018 detecting if the first device and the second 
device are in physical proximity in a recurring man 
ner over time; 
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0.019 aggregating recurring detection or lack of detection 
of physical proximity of the first device and the Second 
device over time to produce the time-and proximity-based 
events, the time-and proximity-based events being represen 
tative of the proximity of the device in relation to the second 
device at the time of production thereof, and 

0020 communicating at least one of the time-and 9. 
proximity-based events to the registered application. 

0021 AS discussed above the time-and proximity-based 
events may include an entered device proximity event, a still 
within device proximity event, a temporarily left device 
proximity event, a returned to device proximity event, and 
an exited device proximity event. It is appreciated that 
anyone skilled in the art could readily use the same pro 
gramming model in an environment comprised of a plurality 
of devices incorporating functionalities described above in 
the Specialized entities. 
0022. In still a further aspect, the present invention pro 
vides a method for event-based programming that operates 
upon the basis of proximity over time between a plurality of 
Stationary communication/detection devices in communica 
tion with a Stationary computing device and at least one 
mobile device. The method includes the steps of: 

0023 positioning each of the stationary communi 
cation/detection devices at a unique position within 
an area, 

0024 storing in the memory of the computing 
device an application that performs a task on the 
basis of the occurrence of at least one of a plurality 
of time-and proximity-based events, 

0025 detecting if the mobile device is in physical 
proximity with each of the Stationary communica 
tion/detection devices in a recurring manner over 
time; 

0026 aggregating recurring detection or lack of 
detection of the proximity of each of the Stationary 
communication/detection devices and the mobile 
device over time to produce the time-and proximity 
based events, the time-and proximity-based events 
being representative of the proximity of the mobile 
device to the area at the time of production thereof; 

0.027 communicating at least one of the time-and 9. 
proximity-based events to the registered application. 

0028. Once again, the time-and proximity-based events 
can, for example, include an entered area proximity event, a 
Still within area proximity event, a temporarily left area 
proximity event, a returned to area proximity event, and an 
exited area proximity event. 

BRIEF DESCRIPTION Of the DRAWINGS 

0029 FIG. 1 illustrates an embodiment of a Personal 
Area Network. 

0030 FIG. 2 illustrates an embodiment of a layered 
architecture for developing and deploying proximity based 
applications. 
0.031 FIG. 3 illustrates a state diagram representing 
translation of the detection or lack of detection of proximity 
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into higher-level events or State changes Such as Enter, 
StillHere, Leave, ComeBack and Exit events. 
0032 FIG. 4 illustrates an embodiment of a proximity 
based device in which a communication/detection device is 
separated from a PAN Cell Management layer. 
0033 FIG. 5 illustrates an example of an application of 
the embodiment of FIG. 4. 

0034 FIG. 6 illustrates an embodiment of a proximity 
based device in which a plurality of communication/detec 
tion device communicates with a PAN Cell Management 
layer. 
0035 FIG. 7 illustrates an example of an application of 
the embodiment of FIG. 6. 

DETAILED DESCRIPTION Of the INVENTION 

0036) The present invention, anticipating a world in 
which devices with short-range, wireleSS communication 
Systems become common, enables and/or facilitates elec 
tronic monitoring of the physical proximity between elec 
tronic devices and translates physical proximity detection or 
lack of physical proximity detection over time into a time 
and proximity-based event. Together these events form the 
foundation of the time-and proximity-based event-program 
ming model. This event-based programming model prefer 
ably Specifies the way in which computer programs attach 
the behavior that devices should exhibit upon occurrence of 
a time-and proximity-based event (for example, when Such 
devices enter, leave, comeback into, exit or are still within 
each other's physical proximity). 
0037. In that regard, the present invention preferably 
establishes a “lifecycle” for time-and proximity-based 
events in a wireleSS networking environment. The present 
invention enables computer programs adhering to or com 
pliant with the event-based programming model thereof to 
respond to the physical proximity of other electronic devices 
without regard for the underlying wireleSS networking tech 
nology. In general, the present invention monitors physical 
proximity over time, and translates proximity-related 
changes in State (detection and non-detection) into higher 
level constructs that application developerS can use to 
Specify the behavior of applications executing on a device 
based upon the proximity of the device in relation to other 
nearby electronic devices. 
0038 Proximity-based applications preferably recognize 
when other devices are near them, query the nearby devices 
for the applications that they Support, and, optionally, decide 
to communicate with or use Some of these applications. The 
process of recognizing when devices are near each other, 
querying these devices for the applications that they Support 
and optionally running Some of these applications are 
referred to as time-and proximity-based interactions in that 
physical proximity recurring over time between devices 
triggers the interactions. 
0039) Personal Area Networks 
0040 Proximity-based applications are preferably 
designed or built upon the concept of a Personal Area 
Network (PAN). Personal Area Networks are a known 
concept in the field of ubiquitous computing. However, as 
used herein, the terms “Personal Area Network” or “PAN' 
refer generally to a Set of communications devices that are 
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within range of each other (typically, within a relatively 
Short-range-for example, within approximately ten 
meters). 
0041. The concept of a Personal Area Network can be 
further explained with reference to FIG. 1, in which each of 
the Small circles A through H represents a short-range 
communications device. Devices within the range of a 
particular short-range communications device form that 
device's Personal Area Network. For example, large circle 
centered at device Ain FIG. 1 encompasses device A's PAN 
10. In FIG. 1, device A's PAN 10 includes devices B, C, D 
and E. In other words, devices B, C, D and E are short-range 
communications devices within range of device A (that is, 
device B, C, D and E can communicate with device A. 
Device C is also a part of device H's PAN 20, but device H's 
PAN20 does not include devices A, B, D or E. In that regard, 
device C is within communication range of device H but 
devices A, B, D and E are not within communication range 
of device H. Personal Area Networks are thus based on the 
physical proximity of devices to each other, and include the 
Set of devices that can communicate with a particular device 
at a given moment in time. 

0042. In the context of a PAN, proximity-based applica 
tions can be defined as applications that have behavior or 
tasks that are programmed to occur upon the occurrence of 
a time-and proximity-based event or during a time/proximity 
based State (for example, when devices enter, are still within, 
leave, comeback into and/or exit each other's PANs). 
0043 Architecture 
0044 FIG. 2 illustrates an embodiment of a layered 
architecture for developing and deploying proximity-based 
applications between, for example, a device 100 and a 
device 100'. 

0045 Network 
0046) Network layer 110 of devices 100 and 100' is a 
Short-range communications medium or specification that 
communicates through communication unit 105. Network 
layer 110 preferably provides higher layers with function 
ality that enables data (for example, data packets) to be sent 
from one device to another. Network layer 110 also prefer 
ably provides mechanisms for the determination or detection 
of physical proximity. Examples of Short-range communi 
cations media or Specification Suitable for use in the present 
invention include IR and short-range radio Solutions Such as 
the Bluetooth TM Technology of the Bluetooth Special Inter 
est Group as set forth in the Bluetooth Specification Release 
1.0. The Bluetooth Specification Specifies a System Solution 
comprising hardware, Software and interoperability require 
ments and operates in a common 2.4 GHZ ISM band. 

0047 Network Protocol 
0048 Network Protocol layer 120 is built on top of raw 
network layer 110. Network Protocol layer 120 preferably 
provides Support for routing data, preferably in the form of 
packets, between devices and assembling/disassembling 
large amounts of data into a format (for example, packets) 
that network 110 layer can transport. Examples of network 
protocols Suitable for use in the present invention include 
TCP/IP, UDP/IP and IPX. 
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0049. PAN Cell Management 
0050. PAN Cell Management layer 130 is preferably also 
built on top of network layer 110. Pan Cell Management 
layer 130 preferably takes information regarding detection 
of physical proximity over time from network layer 110 and 
translates this detection information into higher-level time 
and proximity-based events Such as Enter, StillHere, Leave, 
Comeback and Exit. Examples of data structures suitable for 
use to perform this translation are described below. 
0051) PAN Cell Management layer 130 also preferably 
provides a mechanism or mechanisms that allow ProXimity 
Applications to register interest in Specific events. For 
example, a "people finder application may register interest 
in all proximity events associated with other people finder 
applications. In other words, when the people finder ProX 
imity Application registers an interest in Such events, it is 
requesting to be notified of proximity events of other devices 
having a people finder application Stored thereon. 
0052 The discovery of an application on a remote device 
is a known proceSS in the computer arts. Examples of Such 
application discovery processes include Salutation by The 
Salutation Consortium TM and JavaTM JiniTM available from 
Sun Microsystems, Inc. of Palo Alto, Calif. 
0053 Proximity Applications 
0054 Proximity application layer 140 preferably 
includes one or more applications that receive the high-level 
time-and proximity-based events specified by PAN Cell 
Management layer 130 and perform Some specified task or 
behavior triggered by Such events. Thus, proximity appli 
cations are preferably completely independent of underlying 
network layer 110. 
0055. The architecture of FIG. 2 is explained further with 
reference to the following example: 

0056 1. A device X has a PAN including 0 other 
devices. 

0057 2. A device Y has a PAN including 0 other 
devices. 

0058. 3. At some point, X and Y come into physical 
proximity: X detects Y’s physical proximity and Y 
detects XS physical proximity preferably using 
communication unit 105 Such as the Bluetooth chip 
available from Digianswer A/S of Denmark, which 
Supports the Bluetooth Specification and is in com 
munication with (or is part of) network layer 110. 

0059 4. Network layers 110 of devices X and Y 
forward recurring detection of physical proximity to 
X's and YSPAN Cell Management layers 130. The 
first detection of physical proximity is translated into 
an Enter event. PAN Cell Management layer 130 of 
each of device X and Y converts detection of prox 
imity over time into other time-and proximity-based 
eVentS. 

0060 5. Using application discovery, X and Y pref 
erably discover the proximity applications the other 
device Supports upon the initial detection of physical 
proximity. 

0061 6. Based on interests registered to PAN Cell 
Management layer 130 by a device's proximity 
applications, Some of those proximity applications 
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will be notified of the Enter event and Subsequent 
time-and proximity-based events of a particular 
device. 

0062) Description of PAN Cell Management 
0.063 FIG. 3 illustrates a state diagram that describes the 
translation of the detection or lack of detection of physical 
proximity into the higher-level proximity-based events Such 
as Enter, StillHere, Leave, ComeBack and Exit as illustrated 
in FIG. 3. 

0064. In the embodiment of FIG. 3, PAN Cell Manage 
ment layer 130 preferably keeps track of two pools of 
devices referred to as an Alive Pool and a Suspended Pool. 
The Alive Pool includes devices PAN Cell Management 
layer 130 knows to be “alive” within its PAN at any given 
moment in time. The Suspended Pool includes devices PAN 
Cell Management layer 130 formerly knew about. The 
devices of the Suspended Pool are currently not within 
physical proximity of the device, but these devices were in 
the physical proximity of the device within a certain amount 
of time prior to the current time. 
0065. Using these two pools. PAN Cell Management 
layer 130 generates time-and priority-based events in the 
following manner, in which the exemplary events Enter, 
StillHere, Leave, ComeBack and Exit are described: 
0.066 Enter 
0067. When PAN Cell Management layer 130 detects 
physical proximity with a given device for the first time it 
preferably fires an Enter event and places this device in the 
Alive Pool. 

0068. Still Here 
0069. At periodic intervals (potentially user and/or devel 
oper specified) All Subsequent detections of proximity for a 
device in the Alive Pool preferably cause PAN Cell Man 
agement layer 130 to fire a StillHere event. 
0070 Leave 
0.071) If physical proximity is not detected for a device in 
the Alive Pool, then a Leave event is preferably fired. The 
device is now moved to the Suspended Pool. 
0072) Comeback 
0073. If physical proximity is detected for a device in the 
Suspended Pool within a certain period of time (potentially 
user and/or developer specified), then a Comeback event is 
preferably fired and the device is moved to the Alive Pool. 
0074) Exit 
0075). If physical proximity is not detected for a device in 
the Suspended pool for the given amount of time in which 
a Comeback event can be fired, then an Exit event is 
preferably fired. 
0.076 Techniques for implementing these types of event 
System are well known in the art. Although clearly other 
means of implementation are available to implement the 
System herein described. 
0077. Example of Proximity Applications 
0078. The proximity-based applications in Proximity 
Application layer 140 of the architecture of FIG. 2 need 
only Specify the task or behavior that the application should 
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exhibit in response to the time-and proximity-based events 
supplied by the PAN Cell Management layer (for example, 
Enter, StillHere, Leave, ComeBack and Exit events). The 
following example illustrates the operation of one embodi 
ment of a proximity-based application: 

0079 Suppose that one wishes to write a People 
Finder Application that will display people who are 
currently within a device user's PAN. The Enter 
event would query the other device for the name of 
the perSon owning the device and update the user 
interface with this name. The Leave event would 
temporarily remove the name of the perSon owning 
the device that left the current PAN from the user 
interface. 

0080. The Comeback event would restore the name 
to the user interface. The Exit event would “perma 
nently” remove the name from the user interface 
until any subsequent Enter event for the device of 
that user. 

0081. The above example illustrates a peer-to-peer prox 
imity-based application between two mobile proximity 
devices. Many other communication routes are possible. For 
example, it is also possible for an application to forward the 
proximity events to a third party application (that is, to an 
application on a third device) that implements the behavior 
that should be displayed when events of interest occur. 
0082 Wireless mobile device 100 of the present inven 
tion can communicate with other mobile devices as 
described above or with one or more non-mobile or station 
ary devices (for example, a computer or a wired network of 
computers and other devices). In one aspect, a mobile device 
100 can communicate with an immobile communication/ 
detection device 101" that is in communicative connection 
with a proximity application device 200 (for example, a 
server) as illustrated in FIG. 4. Together, device 200 and 
communication/detection device 101" logically function as a 
Single proximity device. An important distinction between 
device 100 and the combination of communication/detection 
device 101" and device 200 is the mobility of device 100, 
which is preferably used by a dynamic entity that moves 
around. Combined device 101/200 in this embodiment are 
immobile and are preferably used to provide Services (for 
example, information, computing Services etc.) to nearby 
dynamic entities such device 100. 
0083) Network layers 110 and 110' of devices 100 and 
101", respectively, preferably include a short-range commu 
nications medium or specification that communicates 
through a communication unit as described above. Network 
layers 110 and 110' preferably provide higher layers with 
functionality that enables data (for example, data packets) to 
be sent from one device to another. Network layers 110 and 
110' also preferably provide mechanisms for the determina 
tion or detection of physical proximity as described above 
(using, for example, the Bluetooth technology). Network 
layers 110 and 110' are similar in term of functionalities, 
however one skilled in the art will appreciate the fact that 
network layer of device 101" and device 100 can be readily 
Scaled to interact with large number of proximity-enabled 
devices. 

0084) Network layers 210 and 210' of devices 200 and 
101", respectively, can incorporate a wired or a wireleSS 
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communication medium, or any combination of wired and 
wireleSS communication media, as long as Network layers 
210 and 210", together with Network Protocol layers 211 and 
211' provide a data communication Service or link between 
communication/detection device 101" and device 200. Any 
common Network Protocol layer (for example TCP/IP, 
UDP/IP, or IPX) is suitable for Network Protocol layers 211, 
211", 111 and 111'. 
0085 PAN Cell Management layers on both devices 200 
and 100 in FIG. 4 can, for example, operate as described 
above. Likewise, Proximity Applications layer on both 
device 200 and 100 in FIG. 4 can, for example, operate as 
described above. 

0.086 Example of Proximity Applications 
0087. The following example illustrates the operation of 
one embodiment of a proximity-based application in a Store 
environment. 

0088 FIG. 5 illustrates, for example, a retail store 300 
with its rough layout depicted by Solid lines indicating walls 
and an entrance 310. A Single communication/detection 
device 101" is, for example, installed generally in the center 
of the retail store 300. Dashed circle 101" surrounding 
communications/detection device 101" represents the proX 
imity communication/detection range of device 101'. A 
customer C equipped with a device such as device 100 enters 
retail store 300 at a position represented by a solid circle in 
FIG. 5. Network layer 110' of the communication/detection 
device informs PAN Cell Management on device 200 that 
the presence of a proXimity-enabled client on the perSon of 
customer C was detected, and PAN Cell Management trans 
lates that notification into higher level time-based proximity 
event Enter and passes it to the ProXimity Application layer. 
The Proximity Application layer of device 200 may perform 
certain actions as described above (for example, communi 
cating information to the ProXimity Application layer of the 
proximity-enabled client on the person of customer C). 
When client C later proceeds to position outside range 101" 
of device 101", communication/detection device 101" 
informs PAN Cell Management of device 200 of the absence 
of client C. PAN Cell Management translates that notifica 
tion into a Leave event and passes it to the ProXimity 
Application layer. 
0089 Multiple stationary communication/detection 
devices 101" can be used to, for example, cover increased 
area or more distinctly describe the relation of a detected 
mobile device. FIG. 6 illustrates a mobile device 100 in 
communication with one or more of a group of communi 
cation/detection devices 101" and, there through, with prox 
imity application device 200. Each of communication/de 
tection devices 101" is in communication with device 200 
(via wired and/or wireless communication). Communica 
tion/detection devices 101" are preferably used to detect 
physical proximity between them and another device or 
devices. Together, communication/detection devices 101 
can logically function as a single communication/detection 
device as described in greater detail below. 
0090 Network layers 110 and 110' of device 100 and 
devices 101", respectively, operate as described above. The 
same applies to Network layers 210 and 210' of device 200 
and devices 101", respectively. 
0091 PAN Cell Management layer on device 200 in FIG. 
6 preferably employs a more complex algorithm (than 
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previously described) to determine the proper higher-level 
time-based proximity event it provides to the proximity 
application layer. This algorithm is dependent on the Specific 
deployment configuration of communication/detection 
devices 101" and is used to Surmise the current proximity 
State of client C with respect to the Set of communication/ 
detection devices 101'. 

0092. Example of Proximity Applications 
0093. The following example illustrates the operation of 
one embodiment of a proximity-based application in a Store 
environment with multiple communication/detection 
devices 101a-d. 

0094 FIG. 7 illustrates a retail store 300 with its rough 
layout depicted by Solid lines indicating walls and an 
entrance 310. Four communication/detection devices 101a, 
101b, 101c and 101d are represented as solid black circles, 
with corresponding Surrounding dashed circles representing 
the proximity communication/detection ranges of commu 
nication/detection devices 101a, 101b, 101c and 101d. 
Device 200 is represented as a solid black Square. A cus 
tomer C equipped with a mobile device (for example, device 
100) enters store 300. Customer C is immediately detected 
by communication/detection device 101d. The network 
layer of communication/detection device 101d informs the 
PAN Cell Management on device 200 of the proximity of 
customer C. This information will in turn be translated into 
the time and proximity-based event Enter by the PAN Cell 
Management layer, and passed on to the ProXimity applica 
tion layer. Applications in the Proximity Applications layer 
can initiate or take certain actions, Such as giving customer 
C a coupon on goods in which he or she might be interested 
(by communication with the Proximity Application layer of 
device 100). If customer C proceeds to a position repre 
Sented by the designation C", communication/detection 
device 101d can no longer detect the presence of customer 
C. However, communication/detection device 101b is able 
to detect the presence of customer C. Therefore, the PAN 
Cell Management of device 200 is aware of the continued 
presence of customer C. The application interactions that 
were taking place Via communication/detection device 101d 
between retail store and customer C will be continued via 
communication/detection device 101b. If subsequently, cus 
tomer C moves to a position designated by C", none of 
communication/detection devices 101a-d can detect cus 
tomer C. However, for customer C to leave store 300, 
customer C must pass through the area covered by commu 
nication/detection device 101d. In other words, communi 
cation/detection device 101d must be the last communica 
tion/detection device to report detection of proximity of 
customer C for a Leave event to have occurred (Exit 310 is 
within the range of only communication/detection device 
101d). Because that was not the case in the above scenario 
(communication/detection device 101b was the last commu 
nication/detection device to report detection of proximity of 
customer C), the PAN Cell Management of device 200 will 
continue to register customer C as present in retail Store 300, 
despite the fact that no communication/detection device can 
detect customer C. The Proximity Applications layer of 
device 200 can pause ongoing application interactions and 
resume Such interactions once the proximity of customer C 
is detected again. Finally, if customer C, for example, 
traverses through the areas covered by communication 
devices 101a, 101c and 101d, and then exits store 300 via 
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exit 310, PAN Cell Management of device 200 will interpret 
the absence of the customer as a Leave event (and, eventu 
ally, an Exit event), Since communication/detection device 
101d was the last communication/detection device able to 
pick up the presence of customer C. The ProXimity Appli 
cations layer on device 200 can, at this point, Stop all 
application Services offered to the exited customer C. 
0.095 Although the present invention has been described 
in detail in connection with the above examples, it is to be 
understood that Such detail is Solely for that purpose and that 
variations can be made by those skilled in the art without 
departing from the Spirit of the invention except as it may be 
limited by the following claims. 

What is claimed is: 
1. A device for proximity-based communication between 

the device and at least a Second device, the device compris 
ing: 

at least one communication unit adapted to communicate 
between the first device and the second device in a 
wireleSS manner; 

at least one network layer that includes a communication 
Specification for communicating information between 
the device and the Second device through the commu 
nication unit, the network layer being adapted to detect 
proximity between the device and the Second device 
and communicate information regarding detection of 
physical proximity between the device and the Second 
device or a lack of detection of physical proximity 
between the device and the Second device; 

a PAN Cell Management layer that receives the physical 
proximity information from the network layer over 
time, the PAN Cell Management layer translating the 
physical proximity detection information received over 
time into time-and proximity-based events, and 

an application layer including a memory in which at least 
one computer application is stored, the PAN Cell 
Management layer communicating information of 
occurrence of at least one of the time-and proximity 
based events to the computer application So that the 
computer application can perform a task programmed 
to be performed on occurrence of one of the proximity 
based events. 

2. The device of claim 1 further including a network 
protocol layer that includes a protocol for transmission of 
data between the device and the Second device through the 
network layer. 

3. The device of claim 2 wherein network protocol layer 
communicates information in packets. 

4. The device of claim 1 wherein the PAN Cell Manage 
ment layer aggregates recurring physical proximity detec 
tion information received from the network layer over time 
to translate the physical proximity detection information into 
one of the time-and proximity-based events, the one of the 
time-and proximity-based events being a representation of 
the proximity of the device in relation to the Second device 
at the time of translation. 

5. The device of claim 4 wherein the time-and proximity 
based events include an entered device proximity event, a 
Still within device proximity event, a temporarily left device 
proximity event, a returned to device proximity event, and 
an exited device proximity event. 
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6. The device of claim 1 wherein the task performed by 
the computer application includes communication with a 
third device. 

7. The device of claim 6 wherein the third device is in 
proximity with the device and the communication with the 
third device is wireleSS communication through the com 
munication unit. 

8. The device of claim 1 wherein the computer program 
registers in memory an interest in time-and proximity-based 
events for at least one other computer program on the Second 
device. 

9. The device of claim 1 wherein the communication unit, 
the network layer, the PAN Cell Management layer and the 
application layer reside in a Single mobile device. 

10. The device of claim 1 wherein the communication unit 
and the network layer are Stationary and are separated in 
location from the PAN Cell Management layer and the 
application layer. 

11. The device of claim 1 including a plurality of com 
munication unit and network layer pairing, each pairing 
being located at a different position, each pairing being 
operable to detect proximity with the Second device and 
communicate information regarding detection of physical 
proximity of the second device to the PAN Cell Management 
layer. 

12. The device of claim 11 wherein the PAN Cell Man 
agement layer takes into account historical information 
received from each of the pairings in translating the physical 
proximity detection information received over time into 
time-and proximity-based events. 

13. A method for event-based programming that operates 
upon the basis of proximity over time between a first device 
and at least a Second device, the method comprising the 
Steps of 

Storing in the memory of the first device an application 
that performs a task on the basis of the occurrence of at 
least one of a plurality of time-and proximity-based 
events, 

detecting if the first device and the Second device are in 
physical proximity in a recurring manner over time, 

aggregating recurring detection or lack of detection of the 
proximity of the first device and the second device over 
time to produce the time and proximity-based events, 
the time-and proximity-based events being representa 
tive of the proximity of the device in relation to the 
Second device at the time of production thereof; 

communicating at least one of the time-and proximity 
based events to the registered application. 

14. The method of claim 13 wherein the time-and prox 
imity-based events include an entered device proximity 
event, a still within device proximity event, a temporarily 
left device proximity event, a returned to device proximity 
event, and an exited device proximity event. 

15. The method of claim 13 further comprising the step of 
registering in memory for the application Stored on the first 
device an interest in time-and proximity-based events for at 
least one other application Stored on the Second device. 

16. A method for event-based programming that operates 
upon the basis of proximity over time between a plurality of 
Stationary communication/detection devices in communica 
tion with a Stationary computing device and at least one 
mobile device, the method comprising the Steps of: 
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positioning each of the Stationary communication/detec 
tion devices at a unique position within an area; 

Storing in the memory of the computing device an appli 
cation that performs a task on the basis of the occur 
rence of at least one of a plurality of time-and proX 
imity-based events, 

detecting if the mobile device is in physical proximity 
with each of the Stationary communication/detection 
devices in a recurring manner over time; 

aggregating recurring detection or lack of detection of the 
proximity of each of the Stationary communication/ 
detection devices and the mobile device over time to 
produce the time-and proximity-based events, the time 
and proximity-based events being representative of the 
proximity of the mobile device to the area at the time 
of production thereof; 

communicating at least one of the time-and proximity 
based events to the registered application. 

17. The method of claim 16 wherein the time-and prox 
imity-based events include an entered area proximity event, 
a still within area proximity event, a temporarily left area 
proximity event, a returned to area proximity event, and an 
exited area proximity event. 

18. The method of claim 16 wherein mobile device 
includes: 

at least one communication unit adapted to communicate 
with any of the communication/detection devices in a 
wireleSS manner; 
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at least one network layer that includes a communication 
Specification for communicating information between 
the mobile device and any one of the communication/ 
detection devices through the communication unit, the 
network layer being adapted to detect proximity 
between the mobile device and any one of the com 
munication/detection devices and communicate infor 
mation regarding detection of physical proximity 
between the device and any one of the communication/ 
detection devices or a lack of detection of physical 
proximity between the device and any one of the 
communication/detection devices, 

a PAN Cell Management layer that receives the physical 
proximity information from the network layer over 
time, the PAN Cell Management layer translating the 
physical proximity detection information received over 
time into time-and proximity-based events, and 

an application layer including a memory in which at least 
one computer application is stored, the PAN Cell 
Management layer communicating information of 
occurrence of at least one of the time-and proximity 
based events to the computer application So that the 
computer application can perform a task programmed 
to be performed on occurrence of one of the proximity 
based events. 

19. A System comprising a plurality of devices as Set forth 
in claim 1. 


