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John P. Costello. Esq. (CA State Bar No. 161511)
COSTELLO LAW CORPORATION

331 J Street, Suite 200

Sacramento, CA 95814

Telephone: (916) 441-2234

Facsimile: (916) 441-4254

Attorney for Plaintiff
MOBILE LOGISTICS, LLC

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF CALIFORNIA

MOBILE LOGISTICS, LLC, Case No.
- COMPLAINT FOR PATENT
s Plaintiff, INFRINGEMENT
FOSTER FARMS, LLC, JURY TRIAL DEMANDED

Defendant.

Plaintiff Mobile Logistics, LLC (“Mobile Logistics” or “Plaintiff”), by way of its Complaint
against Defendant Foster Farms, LLC (“Defendant”), hereby alleges as follows:

THE PARTIES

1. Plaintiff Mobile Logistics is a limited liability company organized under the laws of
Delaware with a place of business at 1209 Orange Street, Wilmington, Delaware 19801.
2. Defendant is a corporation organized under the laws of California with its principal
place of business at 1000 Davis Street, Livingston, California 95334-1526.
JURISDICTION AND VENUE

3. This is an action for patent infringement arising under the patent laws of the United
States, Title 35 of the United States Code.
4. This Court has jurisdiction over the subject matter of this action under 28 U.S.C. 8§

1331 and 1338(a).
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5. Upon information and belief, Defendant regularly conducts business in this judicial
district and committed acts of patent infringement in this judicial district including, inter alia, using
products and services and using infringing methods and instrumentalities in this judicial district.

6. Upon information and belief, Defendant has ongoing and systematic contacts with
this judicial district and the United States. In particular, Defendant is incorporated in the State of
California and maintains its principal place of business within this judicial district.

7. Venue is proper in this judicial district under 28 U.S.C. 88 1391 and 1400.

COUNT I — INFRINGEMENT OF U.S. PATENT NO. 5,999,091

8. Mobile Logistics repeats and realleges the allegations of paragraphs 1 through 7 as
though fully set forth herein.

0. On December 7, 1999, United States Patent No. 5,999,091 (“the '091 Patent"),
entitled "TRAILER COMMUNICATION SYSTEM," was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the '091 Patent is attached as Exhibit
A to this Complaint.

10. Mobile Logistics is the assignee and owner of the right, title, and interest in and to the
'091 Patent, including the right to assert all causes of action arising under said patent and the right to
any remedies for infringement of it.

11. Upon information and belief, Defendant is and has been directly infringing the 091
Patent in the United States at least by using infringing Radio Frequency Identification (“RFID”) tag
units for location on a trailer. Defendant has infringed and continues to infringe one or more claims
of the ’091 Patent in this judicial district and elsewhere by using products that infringe and/or
perform methods that infringe one or more claims of the 091 Patent (“Defendant’s Accused
Products”). In particular, upon information and belief, Defendant uses at least one infringing
system, including, but not limited to, the PINC Yard Hound system, which includes tags for location
on a trailer. The use of such systems constitutes direct infringement under at least 35 U.S.C. §
271(a) of one or more claims of the 091 Patent.

12. Because of Defendant’s infringement of the *091 Patent, Mobile Logistics has

suffered damages and will continue to suffer damages in the future.
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13. Defendant will be deemed to have knowledge of the "091 patent and its infringement
of the 091 Patent at least as of the filing date of this Complaint.

14, Upon information and belief, Defendant has not altered its infringing conduct after
receiving this Complaint.

15. Upon information and belief, Defendant’s continued infringement despite its
knowledge of the ’091 Patent and Mobile Logistics’ accusations of infringement has been
objectively reckless and willful.

JURY DEMAND

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, Mobile Logistics demands a
trial by jury on all issues triable as such.

PRAYER FOR RELIEF

WHEREFORE, Mobile Logistics respectfully demands judgment for itself and against
Defendant as follows:

A. An adjudication that Defendant has infringed the *091 Patent;

B. An award of damages to be paid by Defendant adequate to compensate Mobile
Logistics for its past infringement of the 091 Patent and any continuing or future infringement of
the ’091 Patent through the date such judgment is entered, including pre-judgment and post-
judgment interest, costs and expenses as justified under 35 U.S.C. § 284;

C. To the extent the Defendant’s conduct subsequent to the date of its notice of the 091
Patent is found to be objectively reckless, enhanced damages pursuant to 35 U.S.C. § 284 for
Defendant’s willful infringement of the "091 Patent;

D. An accounting of all infringing acts including, but not limited to, those acts not
presented at trial and an award of Mobile Logistics’ damages for any such acts;

E. A declaration that this case is exceptional under 35 U.S.C. § 285, and an award of
Plaintiff’s reasonable attorneys’ fees; and

F. Such other and further relief at law or in equity as the Court deems just and proper.
111
111
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DATED: August 2, 2012 COSTELLO LAW CORPORATION

By: /s/ John P. Costello

JOHN P. COSTELLO
Attorney for Plaintiff
Mobile Logistics, LLC
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1
TRAILER COMMUNICATIONS SYSTEM

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 08/758,183, filed Nov. 25, 1996, by
Larry C. Wortham and entitled Tratler Communications
System, now U.S, Pat. No. 5,905,433, the contents of which
are hereby incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of data
communications, and more particniarly to a trailer commu-
nications system.

BACKGROUND OF THE INVENTION

In recent years, due to their versatility, trailers have
evolved as a preferred way to move goods from one location
to another. For example, trailers can be carried or trans-
poried in & number of ways, such as over roadways by
tractor, over railways on the back of rail cars, or over
waterways by ships or barges. In addition, various devices,
such as refrigeration units, humidifiers, and anti-shock
devices, can be incorporated inte trailers for the iransport of
different products, such as perishable foods, electronics,
antiques, chemicals, otc.

In arder to monitor, track, control, or otherwise manage
such trailers, it is often desirable to communicate with the
trailers during fransport. Accordingly, vatious systems were
previowsly developed for transmitting and receiving infor-
mation from a trailer. These prior systems have proven fo be
inadequate for one reason or another, For example, some
prior systems employed techniques which generated “cross-
talk.” Cross-talk oceurs when one receiving device receives
signals which are intended for another receiving device.
Cross-talk may result in thc mishandling of information
conveyed by the signals. Also, despite the presence of the
prior systems, trailers were often misplaced or Iost. This was
especially problematic at any location where the mode of
transporfation was aliered, such as a shipping yard, In
addilion, in prior systems, the kind and amount of informa-
tion communicated. fo and from trailers was extremely
limited. Furthermore, prior systems did not consolidate
information from a plurality of trailers at a ceniral location,
but rather supported commurication only proximate each
individual trailer, such as in a vehicle transporting the trailer.
Previously developed systems also suffered in that they
operated in a single mode which caused the systems to
constantly consume power, thereby draining any associated
power source. This required frequent replacement of the
power source, or alternatively, the use of a relatively large
source which could supply the needed power.

SUMMARY OF THE INVENTION

In accordance with the present invention, the disadvan-
tages and problems associated with prior communication
systems for irailers have been substantially reduced or

10

25

50

2

mode or an active mode, may be located in or on a frailer.
The tag unit includes a memory, an activating event detector,
a processor, and a transmitier. The memory stores informa-
tion relating to the trailer. The activating event detector can
detect an sctivating event. The processor is coupled to the
memory and the activating event detector. The processor
iransitions the tag unit from inactive mode to active mode in
response (o the defection of an activating event. The trans-
mitter is coupled to the processor and can transmit the
information siored in the memory in response to the detec-
fion of the activating event by the activating event detector.

According to yet another embodiment of the present
invention, a method for communicating with a trailer com-
prises the following steps: detecting a predetermined event
which occurs substantially simultaneously at both the trailer
and a remote location; and communicating information from
a fag unit on the trailer to a reader unit at the remote location
in response to the detection of the predetermined event.

Importanl technical features of the present invention
melude synchronizing communication between & trailer and
a remote location based upon an event which occurs sub-
stantially simultaneously at both the trailer and the remote
location. In particular, after such & synchronization event
occurs, a window of time is provided for the transmission
and receipt of signals. All signals reccived during this
window of time are considered to convey or contain valid
informaiion. Signals received outside of the window are
considered to convey or contain invalid information. In one
embodiment, the synchronization may be supported wiilizing
a signal, such as a brake signal, carried over a standard
seven-pin connector between a trailer and a vehicle to which
the trailer is coupled. Synchronmization ensures that
mterference, spurious signals, cross-1aik, and the like are not
processed in the same manner as signals which are intended
for receipt.

Another technical advantage of the present invention
includes communicating a variety of information at a trailer.
This information may include trailer identification, status,
alarm, and conirol information, all of which can be trans-
mitied to or received from a central host or a network
services center (NSC). In addition, position determining
information can be generated proximate the trailer and
relayed to the central host. Consequently, the monitering,
control, tracking, or management of the trailer is facilitated.

Still another important technical advantage of the present
invention includes providing different power modes for a tag
unit which communicates information for a frailer. In
particular, such a tag unit may have an active mode and an
inactive mode. In the inactive mode, the tag vnit is “powered
down,” thereby conserving power. In the active mode, the
tag unit is “powered up” so that it may transmit and receive
information. The tag vnit is transitioned or “awakened” from
the inactive mode to the active mode by any of a number of
activating evenis. These activating events may include a
synchronization event, a ping event, an alarm event, or the
lapse of a predetermined interval,

eliminaied,

According to an embodiment of the present invention, a
trailer communications system includes a tag unit for loca-
tion on a ftrailer. A reader unit can be placed at a remote
location. The tag unit and the reader unit communicate
information in response to a predetermined event which
oceurs substantially simulianeously at both the trafler and
the remote location,

According to another embodiment of the prescnt
invention, a tag unit, which operates in either an inactive

65

Yet another important technical advantage includes pro-
viding communication between trailers which are located in
close proximity to each other. Each trailer may relay infor-
mation thal it collects or generales to all irailers within its
transmission range. Furthermore, trailers which are outside
of the transmission range of a pariicular trailer may receive
the information of that trafler from any intermediate irailer
or trailers, In this manner, all trailers within a certain arca
may be imbued with the same information, Consequently,
this information can be obtained from any of the trailers.
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Other iechnical advantapes are readily apparent to one
skilled in the art from the following figures, description, and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, and for further featurcs and advantages, reference
is now made to the following description taken in conjunc-
tion with the accompanying drawings, wherein like refer-
ence mumerals represent like parts, in which:

FIG. 1 illustrates a system for communicating information
associated with various trailers in accordance with the
teachings of the present invention;

FIG. 2 is a schematic block diagram of an exemplary
embodiment for a tag unit in accordance with the present
invention;

FIG. 3 is a schematic block diagram for an exemplary
embodiment of a reader unit in accordance with the present
invention;

FIG. 4 is a timing diagram {llustrating exemplary signals
received by, generated, or occurring al a tag unit and a reader
unit in accordance with the present invention;

FIG. 5 is a liming diagram illustraling exemplary data
signals generated by a first and second tag units in accor-
dance with the present invention;

FIG. 6 illustrates an exemplary message format in accor-
dance with the present invention;

HG. 7 is a flow diagram of an exemplary method for
communicaling information from a tag unil in accordance
with the present invention; and

FIG. 8 is a llow disgram of an exemplary method for
Teceiving information at a reader unit in accordance with the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention and its advantages are best under-
stood by referring to FIGS. 1-8 of the drawings, like
mumerals being used for like and corresponding parts of the
various drawings.

FIG. 1 iltustrates a system 10 for communicating infor-
mation associated with one or more trailers 12 in accordance
with the teachings of the present invention, Generally,
sysiem 10 may comprise a network of land-based iranstnis-
sion towers, spaced-based satellite transponders, or a com-
bination of communications hardware in space or on land.
As shown, system 10 may include a cellular system 14
which is linked to a neiwork services center (NSC) 16,
Cellular system 14 may have specific arez of coverage over
which it operates and may comprise a transmitter 18 coupled
1o a mobile telephone switching office (MTS0) 20. MTSO
20) can be coupled to a public swiiched telephone network
(PSTN) 22, which is coupled to NSC 16. In other
embodiments, system 10 may include any other suitable
communication system, such as a specialized mobile radio
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NSC 16 and/or hosts 24 receive various information
relating to trailers 12 over system 10. As explained below in
more detail, this information may include trailer identifica-
fion informalion, status information, alarm information,
positioning information, or any other suitable information.
Furthermore, various information can be generated at NSC
16 and/or hosts 24 and then transmitted to trailers 12, Such
information may include contro! information for trailers 12,
also explained below. Accordingly, information received
from and transmitted to a plurality of trailers 12 can be
consolidated, input, reported, or displayed at a central loca-
tion in order to facilitate management, tracking, and control
of trailers 12,

Each trailer 12 generally functions to contain and trans-
port cargo from one location to another. In some cases, this
cargo can be sensifive to one or more containment or
transport conditions, such as humidity, pressure,
temperature, shock, and the like. For example, trailers 12
can be used to carry perishable goods, chemicals,
explosives, artifacts, or any other cargo which is sepsitive o
containment or transport conditions. Consequently, various
conditioning devices, such as refrigeration units,
humidifiers, and anti-shock devices, can be incorporated into
trailers 12 to maintain conditions within certain critical
levels during transport so that such sensitive cargo is not
ruined, harmed, destroyed, or otherwise damaged. Various
sensors may be provided on board each trailer 12 in order to
monitor the conditions of that trailer.

In accordance with the present invention, each trailer 12
may be equipped with a tag unit 26, which can be mounted
on or in that trailer 12. Each tag unit 26 functions to
generate, collect, receive, siore, process, andfor transmit
information relating to the trailer 12 on which it is located.
This information includes, but is not limited fo, identifica-
tion information, status information, alarm information, and
control information. Identification information may specify
an alpha-numeric code, a name, or any other appropriate
information for wniquely identifying a trailer 12. Status
information may comprise current readings for various
epvironmental conditions, such as temperature, humidity,
pressure, shock, or the like, on board a frailer 12. Statos
information may also specify the status of other conditions
on a trailer, such as the fact that all doors on the trailer are
secured, that the tires of the trailer are sufficiently inflated,
or that the brake lines for the trailer do not have any leaks.
Alarm information may include information for alerting an
operator, such as the driver of a vehicle, when conditions on
board a irailer exceed or fall below a specified critical level.
Furthermore, the alarm information may also identify any of
a number of other events which may occur on a trailer 12,
such as the opening of a door or the failure of a brake.
Control information can, for example, be used to update or
adjust specified critical levels of various conditions on board
a trailer 12. To collect and store the information described
above, each tag unit 26 comprises suitable memory devices
and interfaces to sensors located on board the eorresponding
trailer 12.

(SMR) system or a personal communications service (PCS).
Transmissions over system 10 may be analog or digiial
without departing from the scope of the invention.

NSC 16 can be coupled (o one or more hosis 24. In one
embodiment, NSC 16 and hosts 24 may be associaled with
one or more trucking companies, delivery companies, or any
other entities which operate, own, use, or otherwise, manags
trailers 12. NSC 16 and hcsts 24, either alone or in
combination, perform the management and control functions
for one or more trailers 12.

60

Each tag unit 26 may include suitable equipment for
communicating at radio frequency (RF), such as frequencies
of 315 MHz, 434 MHz, 915 MHz, or any oiher frequencies
approved by the Federal Communicalions Commission
(FCC) for low-power, intermittent duty fransmissions. In
one embodiment, the tag units 26 may utilize narcow-hand
ultra-high frequency (UHF) components, thereby supporting
a transmission scheme in which costs and complexity are
minimal, Ferthermore, the present inveation contemplates
that the Lag units 26 can operate with spread spectrum RF
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components as well, Each tag unit 26 will have a particular
communications range (i.c., transmission and receipt) which
is determined by the components with which it is imple-
mented, Bach tag unit 26 may be equippec with ane or more
devices for detecting various activaling events, such as a
synchronization eveni, a ping evenl, or an alarm evenl,

which initiate communication in the fag units 26, as

explained herein. An exemplary embadiment of a tag unit 26
is illustrated and described below In more detail with
reference fo FIG. 2.

The present invention coniemplates that tag units 26 can
operaie in various modes, wherein each mede is defined by
the amount of power consumed, In an inactive mode, the tag
unit is “powered down,” thersby conserving power. In an
aclive mode, the tag unit is “powered up” so that it may
transmit and receive information. The tag unit is transitioned
or “awakened” from the inactive mode to the active mode by
any of the activating events mentioned above,

Tug units 26 may communicate with each other to relay

10

informaiion collected, generated, or otherwise possessed by 20

each. In particular, if a number of tag units 26 are located on
separate trailers 12 in relatively close proximity to each
other, each of these tag units 26 may report various infor-
mation to other tag units within its transmission range. This
information may include identification, status, alarm, and
control information for both the transmitting trailer 12 and
other traflers 12 with which the tag unit 26 of that trailer
previously communicated. Tag units 26 which are outside of
the transmission range of one particular tag unit 26 may
nonetheless receive the information reported by that tag unit
via other tag units 26 which are located on trailers 12
thercbetween., Each tag unit 26 may store, at least
temporarily, all information which it receives from other tag
units.

A nmumber of reader units 28 are provided throughout !

system 10. Reader unifs 28 may function to communicate,
relay, process, and/or store information for one or more
trailers 12. Each reader unit 28 may include suitable equip-
ment for transmitting and receiving at radio frequency (RF),
such as frequencies of 315 Mz, 434 MHz, and 915 MHz,

£
(=]

or any other suilable frequency. Also,.reader units. 28 may _.

each comprise one or more devices for initiating commmuni-
cation with tag units 28 and for storing all or any portion of
the above information. An exemplary enibodiment of a
reader unil 28 is described below in more detail with
reference to FIG. 3.

Reader units 28 may be carried on board any vehicle
operable 10 transport one or more trailers I2, including
tractors, airplanes, boats, barges, ships, and rail cars. As
illustrated in FIG. 1, an exemplary vehicle can be a tractor
30. Reader units 28 can also be mounted on or in various
stationary objeets, such as a stand 32, which may be located
at any site where trailers 12 are stored or switched between
transporting vehicles, such as a trailer yard. In addition, a
reader unit 28 can be implemented as a hand-held, portable

28 is operable to comrmunicate with one or more tag units 26
mounled on trailers 12, Accordingly, whenever a trailer 12

45
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a tag unit 26 from inactive mode to active mode. Exemplary
activaling events include a synchronization event, a ping
event, an alarm event, or the lapsing of a predetermined
interval. A synchronization evenl may comprise any event
which occurs substantially simultaneously on both trailer 12
and a vehicle to which such trailer is connected, such as a
tractor 30. A synchronization event can be supported by a
standard seven-pin connector 36 between a trailer 12 and a
tractor 30. Such a seven-pin connector 36 typically is used
to coordinate electrical components on a tractor 30 and a
trailer 12, soch as Drake lights, turn lights, flashers, or
running lights, so that the traclor/trailer combination can be
operated safely and effectively. The synchronization event
may comprise the detection of a signal over the seven-pin
connector 36, or alternatively, the coupling/decoupling of
the trailer end of a seven-pin convector 36 to/from the
vehicle end of the connector. Synchronization ensures each
of tag umit 26 and reader unit 28 that it is communicating
with the appropriate unit. A ping event may comprise the
receipt of a ping signal by a sensor of the tag unit 26. Such
sensor can be, for example, an ultrasonic sensor which
functions to receive an ultrasonic signal that is broadcast
from a reader unit 28, An alarm event may occur when
sensors on board a trailer 12 detect that one or more
conditions have exceeded or fallen below predetermined
critical Jevels. The periodic interval can be every fifleen
minuies, half of an hour, bour, or any other suitable interval.

A separate relay unit 34 may be coupled to cach of a
number of reader units 28. Relay units 34 may communicale
with cellular system 14 in order to relay all of the various
information described above between trailers 12 and NSC
16 andfor hosts 24, An exemplary embodiment of this
funclionality is described in U.S. Pat. No. 5,544,225 issued
on Aug. 6, 1996, to Kennedy, III, et al, entitled “Data

s Messaging In A Cellular Communications Network,” the

entire disclosure of which is specifically incorporated herein
by reference, Relay units 34 may also comprise interfaces
which support the entry and presentation of information on
board a vehicle.

Relay units 34 may suppor! the location of trailers 12 via
reader units 26, In particular, each relay unit 34 may be
disposed proximate the reader units 26 with which it is-
associated. In one embodiment, each relay unit 34 associated
with a reader vnit 28 that is mounied on a stationary object
may contain positioning information specifying the geo-
graphic position of the stationary object. Each relay unit 34
associated with a reader unit 28 that is mounted on a vehicle
may inclode a mobile positioning receiver operable to
receive position determining information from a positioning
systemn. In general, a positioning system comprises a plu-
rality of space-based or land-based transmitters that emit
information which can be used to determine position. The
position determining information comprises accurate posi-
tion and pseudo-range data represented by the time of arrival
of position determining information from a positioning
system to relay unit 34. A positioning system may be

device which may be carried by a person. Each reader unit implemented as a land-based LORAN-C, a space-based

GPS, a dead reckoning system, an inertial navigation
system, or any other appropriate positioning technology. The

is separated from one vehicle and either slored, ar ¢ positioning information stored in or generated by a relay unit

alternatively, coupled to or transported by another vehicle, a
reader unit 28 may be provided to support communication
with the tag unit 26 on board the trailer 12.
Communication with each iag unit 26, cither by another
tag unit 26 or a reader unit 28, can be initiated vpon the
occurrence of any of a nember of predetermined activaling
evenis. An activating event serves to activate or “wake-up”

65

34 may be transmitted to NSC 16 and/or hosts 24.

In operation, a separate lag unit 26 is provided and
initialized for cach trailer 12. Inttialization of each tag unit
26 may include storing an identification for the correspond-
ing trailer 12 into & memory of the tag unit 26, Trailers 12
are then used to transport cargo, during which information
relating to such frailers can be collected, generated, and/or
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stored by the corresponding tag units 26. This information
may inciude, but is not limited to, condition information and
alarm information. For a significant portion of the time
during which it is operating, each tag unil 26 may be in an
inactive mode fo conserve power. Upon the oceurrence of an
activating event, such as a synchronization event, a ping
event, an alarm event, or the lapse of a predetermined
interval, a tag wnit 26 will awaken to transmit any of the
information which it has coliected, generated, or stored,
including identification information, condition infermation,
and alarm information for a corresponding trailer 12. Also,
al any (ime during ils operation, each tag unit 26 may receive
informalion, such as control information generated or inpul
at NSC 16 or hosts 24. Communication of information to
and from each tag unit 26 is supporied by other tag units 26,
reader units 28, relay units 34, and cellular system 14, Relay
units 34 may append position determining information to the
other information. Accordingly, the present invention facili-
{ates the moniforing, tracking, control, or management of
trailers 12 at NSC 16 and/or host 24.

In one embodiment, the position determining information
and trailer identification information received at host 24
and/for NSC 16 allows the NSC 16 and host 24 to locate each
irailer 12, thereby eliminating or substantially reducing the
problem of trailers being lost or misplaced, In particular,
NSC 16 or hosts 24 can broadcast a request for locating any
trailer 12 which has been deemed to be lost or misplaced.
Relay units 34 and reader units 28 cooperate to relay this
request to any tag units 26 in communication with the reader
umnits 28. Bach of these tag units 26 may poll other lag units
26 in close proximity in order to establish the identity of all
trailers 12 in a particular area. Afier polling, each tag unit 26
will possess identification information for all trailers 12,
which may include the trailer 12 deemed to be lost or
misplaced. The identification information can be retrieved or
transmitied out of any of the tag units 26, and relayed, via
reader units 28 and relay units 34, back to NSC 16 or hosts
24, thereby effectively “finding” the missing trailer 12.

FIG. 2 is a schematic block diagram for an exemplary
embodiment of a tag unil 26 in accordance with the present
invention. As described above, tag unit 26 can be located on
- trailer 12 and may provide or support the collsction,
generation, processing, transmission, and/or receipt of vari-
aus information relating to trailer 12, including trailer
identification, status, and alarm information, As shown, tag
unit 26 may include a radio frequency (RF) transceiver 38,
a processor 40, a memory 42, a clock 44, a temperature
sensor intetface (I/F) 46, a humidity sensor I/F 48, a control
1/F 33, a door sensor I/F 50, a pressure sensor I/IF 52, a
synchronization event detector 54, a ping event detector 36,
and a power supply 58.

RF transceiver 38 may be implemented as any suitable
transceiver operating at radio frequency. Frequencies for RF
transceiver 38 can be 315 Milz, 434 M1z, 915 MHz, or
other FCC-approved bands for low power, intermittent duty
transmissions. Generally, the range requirements for

0 ¢ommunication—ie., the distance hetween 2 tag unit 26 and
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nicate with a tag unit 2é located on the more distant trailer
12, Thus, in another embodiment, RF transceiver 3§ may
comprise spread spectrum RF components when greater
range and noise immunity are required. RF fransceiver 38
supports bi-directional communication so that tag unit 26
may bolh iransmit and receive information. It should be
understood, however, that in another embodiment, tag unil
26 may comprise an RF transmitter rather than a transceiver;
in this case, tag unit 26 may transmit information but cannot
receive it. RF transceiver 38 is coupled to an antenna 60 for
the transmission and receipt of RF signals.

Processor 4 is coupled to R transceiver 38 and controls
the operation of tag unit 26. Processor 40 may be imple-
mented as any suitable microprocessor, such as a model
MC68HCT05)1A microprocessor manufactured by
MOTOROLA. Processor 40 supports such functions as
demodulating signals received at RF transceiver 38, activat-
ing and initiating transmission of signals out of tag unit 26
upon detection of various activating events, and detecting or
correcting errors in the received or fransmitted signals.
Processar 40 also provides bus control for a bus 64 within
tag unit 26. Processor 40 may include internal memory, such
as random access memory (RAM) 62, for storing data or
software. The software may specify vardous critical levels
for conditions on board a frailer 12, according to the cargo
being transported. For example, the sofiware can specify an
upper control temperature of 40° F. and a lower control
temperature of —30° F. if the cargo comprises frozen foods.
Similarly, the software can specify particular upper and
lower humidity levels for tobaceo products, such as cigars.
Processor 40 is operable to run the software.

Bus 64 connects processor 40 to various other compo-
nents of tag unit 28; as shown, these components include
memory 42, clock 44, lemperature sensor I/F 46, humidity
sensor I/F 48, door sensor I/F 50, pressure sensor I/F 52, and
control I/F §3. Bus 64 may comprise an RS-422 connecticn,
a J1'708 twisted pair connection, an intelligent interface for
computers, or any other swvitable bus.

Memory 64 may be implemented as any suitable memory,
such as random access memory (RAM), read-only memory

(ROM), or other suitable volatile or non-volatile memery. ...

Memory 42 functions to store information, such as, for
example, the alarm information, identification information,
status information, or control information described above.
Furthermore, memory 42 may store any other suitable
information, such as interval information. Interval informa-
tion can specify a predetermined interval, the lapse of which
triggers tag unit 26 to transmit any of the other information
that it has collected or generated.

Clock 44 may be implemented as any suitable device
operable to measure the passage of time. In onc
embodiment, clock 44 supports the measurcment of real-
fime and comprises an oscillator circuit having a piezoelsc-
tric crystal. Clock 44 may generate an interval iimer signal
for input into processor 40, This signal can be generaied
after the lapse of a predetermined interval.

a device with which it communicates—may only be a few
feet. For example, the distance between a trailer 12, on
which a lag unit 26 is locaied, and a traclor 30, on which a
reader unit 28 may be located, is five io ten feet. Thus, in one
embodiment, RF iransceiver 38 utilizes or operates al a
narrow band, ulira-high frequency (UHF) transmission
scheme, thereby minimizing costs and complexity. In scme
cases, such as when iwo trailers 12 are being pulled by a
single tractor 30, the range requirement may be 50 to 75 feet
in order for the reader unit 28 on the tracior 30 to commu-

6
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Temperature sensor I/F 46, humidity sensor I/F 48, door
sensor I/F 50, and pressure sensor I/F 52 are coupled o one
or more sensors localed on frailer 12, These sensors supporl
the generation of staius and alarm information by tag unit
26. The sensors may include thermometers, barometers,
accelerometers, and other sensors for detecting the
temperature, humidity, pressure, shock, or any other envi-
ronmental conditions which may effect cargo within (railer
12. The scnsors may also include various sensors to
measure, detect, or monitor other events or conditions. on
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board frailer 12, such as load weight, tire pressure, door
openings or closings, efc. It should be undersiood that the
sensors described above are provided by way of example
only, and that in other embodiments, other sensors in addi-
tion to, or instead of, such sensors may be provided. Sensor
1/Fs 46-52 provide processor 40 with up-to-date readings
from the sensors. Sensor 1/Fs 46-52 also support the detec-
tion of alarm events which serve to activate tag unit 26, Each
sensor I/F 46-52 may cutput its own alarm signal.

As 3 complement to sensor I/Fs 46-52, tag unit 26 may
comprise one or more control interfaces 53, These control
interfaces 53 support the input of control information into
various conditioning devices, such as humidifiers, refrigera-
tion units, anti-shock devices, etc,, which are operable to
adjust or modify conditions on board trailer 12. Thus, for
example, if an alarm signal is generated because the tem-
perature on board trailer 12 is too high, control information
may be sent, via a suitable control interface, to a refrigera-
tion unit in order to lower the temperature.

Synchronization event detector 54 is coupled to processor
40, Synchronization event detector 54 functions generally to
detect a synchronization event, which is used to synchronize
transmission or receipt of information between tag unit 26

10

and a reader wnit 28, Preferably, this event is one which may

occur substantially simultancously on both a vehicle and a
trailer 12. In one embodiment, the synchronization event
may comprise an event supported by a standard seven-pin
connector 36, such as a brake signal, a turn signal, a hazard
signal, or any other signal supported by the seven-pin
connector 36. Accordingly, synchronization event detector
54 may be coupled to the wiring of the standard seven-pin
conneclor 36; those skilled in the art of trailer communica~
tiops understand that this coupling can be accomplished with
a hardwire connection between the synchronization event
detector 54 and any wire or combination of wires supporting
the pins of the seven-pin connector 36, Synchronization
event detector may generate a tag synchronization event
signal, which is input into processor 40.

Ping event detector 56 is also coupled to processor 40.
Ping event detector 56 generally functions to detect a ping
event, such as an wltrasonic signal transmitted by 4 reader
unit 28, Ping event detector 56 may output a ping-in signal.
The ping-in signal can be used to activate tag unit 26 to
initiate communication or transmission of information, such
as status information and identification information. In one
embodiment, ping evenl delector may comprise an ultra-
sonic receiver, which may have 4 limited arc for reception.
This limited arc of receplion, which can be betwesn sixly Lo
one hundred degress, reduces the opporiunity for receipt of
spurious signals. In another embodiment, ping event detec-
tor may comprise a RF receiver.

Power supply 58 is coupled to processor 40, Power supply
58 functions as a power source for tag unit 26. Power supply
58 may be implemented as a lithium battery, a solar cell, or
any suilable device or combination of devices for supplying,
power.

10
comprise a transceiver operating at an FCC-approved band,
such as 315 MHZ, 434 MHZ, 915 MIZ, or the like. In one
embodiment, RF transceiver 66 may comprise suitable com-
ponents for operating in a narrow band, ultra-high frequency
{(UHPF) transmission scheme. In another embodiment, RF
transceiver 66 may comprise spread spectrum RF compo-
nents which support greater range and provide more immu-
nity to noise. RF transceiver 66 supports bi-directional
commumnication so that reader unit 28 may both transmit and
receive information. It should be understood, however, that
in another embodiment, reader unit 28 may comprise an RF
receiver rather than a transceiver, in which case, reader unit
28 may receive information but cannot transmit it. RF
transceiver 66 is coupled to an antenna 86 for the transmis-
sion and receipt of RF signals.

Processor 68 is coupled to RF transceiver 66. Like pro-
cessor 40 in tag unit 26, processor 68 may be implemented
as an eight-bit microprocessor, such as a model
MCG8HC705T1LA manufactured by MOTOROLA. Proces-
sor 68 controls the operation of reader unit 28 and may
support a number of different functions, such as demodu-
lating signals received at RF transceiver 66, activating and
initiating traosmission of signals out of reader unit 28,
detecting or correcting errors in the received and transmitted
signals, and protocol handling. Processor 68 may also pro-
vide bus control for a bus 90 within reader unit 28. Processor
68 may have an internal memory 88, which as shown, can
be implemented as a randem access memory (RAM). Inter-
nal memory 48 stores operating data and/for software, which
can be utilized by or run on processor 68.

Bus 90 connects processor 68 o each of memory 70,
clock 72, and vehicle sensor I/F 74, as well as any other
suitable functional units. Bus 90 can be implermented as an

- RS8-422 connection, a JI708 twisted pair connection, an

intelligent interface for computers, or any other suitable bus
connection.

Memory 780 may be implemented as any suitable volatile
or non-volatile memory, such as random access memory
(RAM) or read-only memory (ROM). Memory 70 functions
to store various information for use within reader unit 28,
and/or transmission or downloading out of the same. This
may include information which uniquely identifies the
reader unit 28 and/or the vehicle or site where it is located.
Memory 70 may also store information collected from one
or more tag units 26,

Clock 72 functions primarily to support the measurement
of time, either real-time or the lapsing of intervals. Clock 72
may be implemented as any suitable timing device, such as
an oscillator circuit comprising a piczoclectric crystal. In
onc embodiment, clock 72 can function to generate an
expiration limer signal after the lapse of a predetermined
iterval from the moment that reader unit 28 last commu-
nicated with a particular tag unit 26. The expiration timer
signal signifies or represenis the disconnection of a tractor
30 on which the reader unit 28 is located with a trailer 12 on
which the tag unit 26 is located.

FIG. 3 illustrates a schematic block diagram of an exem-
plary embodiment of a reader unit 28 in accordance with the
present invention. As shown, reader unit 28 may include an
RF transceiver 66, a processor 68, 2 memory 70, a clock 72,
a vehicle sensor interface (I/F) 74, a synchronization event
detector 76, an alarm out module 78, a relay unit interface
(I/F) 80, a power supply 82, and a ping generator 84.

RE transceiver 66 generally supports the receipt and
transmission of information to and from reader unit 28. Like
RF iransceiver 38 on tag unit 26, RF ivansceiver 66 may

65

Vehicle sensor I/F 74 is coupled fo one or more sensors
located on a vehicle. These sensors monitor various condi-
tions on board the vebicle. For example, the sensors may
include various sensors to measure the temperature, oil,
battery, or the like of an engine for the vehicle. Other sensors
may be provided in addition to, or instead of, the exemplary
sensors described above, Vehicle sensor I/F 74 provides
processor 68 with up-to-date readings from the sensors.

Synchronization cvent detector 76 is coupled to processor
68. Synchronization event detector 76 functions primarily 1o
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detect a synchronization event. Preferably, this event is one
which may occur substantially simultaneously on both a
vehicle and a trailer 12. Synchronization event detector 76
generates a reader synchronization event signal which is
input into processor 68. Such reader synchronization event
signal is used to synchronize communication between reader
unit 28 and a tag unit 26. In one embodiment, synchroni-
zation event detector 76 may be coupled to a standard
seven-pin connector 36, in which case the synchronization
event sipnal may comprise a brake signal, a furn signal, a
hazard signal, or any of the like. Those skilled in the art of
trailer communications understand that the coupling can be
accomplished with a hardwire connection between the syn-
chironization event detector 76 and any wire or combination
of wires supporting the pins of the seven-pin connector 36,

Alarm out module 78 is also coupled to processor 68.
Alarm out module 78 supports the output of an alarm signal,
which may be generated by processor 68, to a party or entity
which is able to provide assistance. Such alarm signal can be
a 911 call, for example.

Relay unit I/F 80 is coupled to processor 68, Relay unit I/F
80 functions primarily to support communication between
reader unit 28 and a relay unit 34 for the transmission and
receipt of information, including, but not limited to identi-
fication information, status information, alarm information,
and control information. Relay unit I/F 80 may comprise an
RS8-232 or RS-485 connection or porl. Relay unit I/F 80 can
support the transmission of a data-out signal by reader unit

Power supply 82 is also coupled to processor 68. Power
supply 82 functions primarily to provide power within
reader unit 28. Power supply 82 may be implemented as a
lithium battery, a solar cell, or any other suitable device or
combination of devices for supplying power.

Aping generator 84 is also coupled to processor 68. Ping
generator .84 functions primarily to generate a ping-out
signal which is output by a reader unit 28 in order to activate
or initiatc communication with a tag unit 26. In one
embodiment, ping generator 84 may comprise an ultrasonic
transmitier operating at a suitable ultrasonic frequency. Such
an ultrasonic transmitter may iransmit signals effectively
only at a relatively short distance, typicalty in the range of
ten to fifieen feet, and in a limited arc of direction, typically
between sixty lo one hundred degrees.

HFIG. 4 is a timing diagram 92 for various exemplary
signals which may be generated or communicated during the
operation of a tag unit 26 and a reader unit 28, In particular,
an interval timer signal 94, a {ag synchronization event
signal 96, a ping-in signal 97, an alarm signal 98, and a
data-out signal 100 can oceur or be generated al 1ag unit 26.
An expiration timer signal 102, a reader synchronization
event signal 104, a synchronization window signal 106, a
ping-out sipnal 107, a data-in sipnal 108, n capture signal
110, and a data-out signal 112 may occur or be generated at
reader unit 28.

Interval timer signal 94 mav comprise one or more
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pulses 964 and 96b are generated by synchronization event
detector 54 of tag unit 26 upon detection of a synchroniza-
tion event, such as the application of a brake signal, oceur-
ring on board ihe trailer 12 on which tag unit 26 is located.
Preferably, such a synchronization event also occurs sub-
stantially simultaneously on board a vehicle to which such
trailer 12 is coupled.

Ping-in signal 97 comprises one or more ping-in pulses
%7a and 97h, Ping-in pulses 974 and Y7b are generated by
ping event detector 56 in response to the detection of a ping
event. A ping event may comprisc a signal, such as an
acoustic signal, output by a reader unit 28.

Alarm signal 98 comprises one or more alarm pulses, such
as alarm pulse 98a. Alarm pulse 984 can be penerated by any
of sensor I/Fs 46-52 in response to the detection of an alarm
event by any of the associated sensors located on board a
trailer 12.

Data-out signal 100 comprises one or more dala bursts
1002100}, each of which may comprise a plurality of pulses
for communicating information, such as identificetion
information, status information, and alarm information,
from tag unit 26. Each data burst 1002-100; may be asso-
ciated with a particular message of information and may
comprise multiple represeniations of that message;
accordingly, more opportunity is provided for the receipt of
the information contained within the message. These data
bursts and their associated advantages are described below
in more detail with reference to FIG. 5. Data bursts
100a-100j may be transmitted out of tag unit 26.

Each transmission of a data burst 100z-100j can be
triggered by a pulse in any of interval timer signal 94,
synchronization event sipnal 96, or alarm signal 98. In
particular, cach of the interval pulses $4a-94e, synchroni-
zation pulses 964 and 965, ping-in pulses 74 and 97h, and
alarm pulse 98z corresponds to or represents an activating
event, which serves to activate tag unit 26. When aclivated,
tag unit 26 transmits a corresponding data burst 1005—1005
out via RF transceiver 38 and antenna 60, For example, data
bursts 180z, 100¢, 1002, 190g, and 100; in data-out signal
100 arc initiated by interval pulses $4a—94e, respectively, in

interval timer signal 94. Likewise, data bursts 1004 and 100; -

in data-ont signal 100 are initiated by synchronization pulses
%62 and 965, respectively, of synchronization event signal
96. Data bursts 1005 and 100f are initiated by ping-in pulses
974 and 975, respectively, of ping-in signal 97. Data burst
100% in data-out signal 100 is initiated by alarm pulse 98z
of alarm signal 98.

At least a portion of the information conveyed in a
particular data burst 100a-100f may depend upon the type of
pulse which initiated such data burst. For example, data
bursts related io an interval pulse, such as data bursts 1004,
100¢, 1002, 100g, and 100, may each comprise an interval
bit sequence. Data bursts related to a synchronization pulse,
such as data bursts 1004 and 1005, may each comprise a
synchronization bit sequence. Data bursts related to a ping-

interval pulses 944—94e. These interval pulses 94a--94e can
be generated by processor 40 of tag unit 26 upon the lapse
of a predetermined interval, as measured by clock 44. The
time befween interval pulses 942-94e may be pseudo-
random pattern that is derived from the trailer identification,
Because the trailer identification is preferably unique to each
tag unit 26, the time between intervals pulses 94a-94e is
also unique.

Tag synchronization event signal 96 may comorisc one or
more synchronization pulses 964 and 96b. Synchronization

60

65

in pulse, as comprise

a ping bit sequence. Data bursts related 1o an alarm pulse,
such as daia burst 1004, may comprise an alarm bil
sequence, Bach of the bil sequences comprises one or more
bits of information which may be contained within a irans-
mitfed message associated with a data burst, As described in
more detail herein, interval bit sequences, synchronization
bit sequences, ping bil sequences, and alarm bil sequences
can be used by a reader unit 28 to verify that the information
contfained in a data burst is valid—i.e., the information was
intended to be received by that reader unit 28,
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With regard to the signals occurring or generated at reader
unit 28, expiration timer signal 102 comprises one or more
expiration pulses, such as expiration pulse 102a. Bach
expiration pulse 1024 is generated by processor 68 after the
lapss of a predetermined interval (measured by clock 72)
during which no communication has been received by reader
unil 28. Such an eveni, which is considered to be excessive
period of silence, can be construed fo mean that the vehicle
on which reader unit 28 is located is no longer connected to
{he irailer 12 on which tag unit 26 is locaied. Accordingly,
the expiration pulse 102z represents a disconnect.

Reader synchronization event signal 104 comprises one or
more synchronization pulses 1044--104¢. Synchronization
pulses 104a-104c are generated by synchronization event
detector 76 of reader unit 28 upon detection of a synchro-
nization event, such as the application of a brake signal,
occurring on board the vehicle on which reader unit 12 is
located.

Synchronizalion window signal 106 comprises one or
more synchronization windows 1062-~106¢, each of which is
generated in response to & corresponding synchronization
pulse 104a-104¢ of reader synchronization event signal 106,
Bach synchronization window 1066-106¢ defines a “win-
dow” for communication which is opened after the detection
of a synchronization event at reader unit 28. Information
communicated during such windows 1046-104c¢ is consid-
ered valid, whereas information that is commumnicated out-
side such windows is not considered valid, In cne
embodiment, validity of the information may also depend
upon whether the transmission contains a synchronization
bit sequence.

Ping-oul signal 107 comprises one or more ping-out
pulses, such as pulses 1074 and 1075, Ping-out pulses 107a
and 107b, which may be generated by ping generator 84, can
be output from reader unil 28 in the form of acoustic signals.
These signals are intended for receipt by ping event detector
56 of tag vnit 26; the ping event detector 56 will generate a
ping-in pulse in response to each acoustic signal defected.
Accordingly, there is a correspondence between the ping-out
pulses in ping-out signal 107 at reader wnit 28 and the
ping-in pulses in ping-in. signal 97 at tag unit 26, In
parlicular, as shown, ping-in pulses 972 and 97b correspond
to ping-out pulses 1072 and 107b, respectively.

Data-in signal 108 comprises cne or more data bursts
1082-108% which may be received at RF transceiver 66.
Each of these dala bursts 10842108k may comprise one or
more pulses for conveying information from a correspond-
ing tag unit 26. As shown, at least a portion of data bursts
108-108% of data-in signal 108 correspond io data bursts
1004-1005 of data-out signal 100.

A capture signal 110 may comprise one or more capture
windows 1104 and 1105, Generally, a capture window 110z
or 1105 corresponds to the connection of a vehicle (on which
reader unit 28 is located) with a trailer 12, Thus, for

example, each capture window 110z and 1105 can be-
“opened” under the following conditions: 4 transmitted owl fo a suitable relay unit 34 in order to update

data burst (of data-in signal 108) is received shortly after the
occurrence of a reader synchronization event pulse (of
reader synchronization event signal 104). A capture window
may remain open uniil the vehicle associated with reader
1nit 28 is disconnected from trailer 12, as indicated by one
of the following events: a reader synchronization puise is not
followed immediately by the receipt of a data burst of
data<in signal 108 (for example, at the end of capture
window 110a4), or an expiration pulse 102 is generated after
the lapse of an excessive silent period (for example, at the
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end of capture window 1108). Like synchronization win-
dows 106a-106¢c, capture windows 110a and 1106 each
define a window for communicating with a corresponding
lag umil 26. Capture windows, however, generally have a
longer period than synchronization windows. In one
embodiment, all data bursts 1084—108% which are not
received during a capture window 1102 or 1105 will be
deemed to contain invalid information, Thus, in FIG. 4, data
bursts 108z, 108b, and 108¢ would be considered invalid
because they do not occur during either caplure window
1102 or 1105,

Furthermore, not all data bursts 1082-108% received
during a capture window will be awlomatically deemed to
contain valid iaformation. Rather, sach captwre window
110z and 1105 may be specific to a particular tag unit 26. In
particular, the data burst 1082-108%k which opens a capture
window will contain identification information for a specific
tag unit 26. Any dala burst 108a—108% which is received
after the window has been opened must contain the same
identification information; otherwise it will be deemed 1o
contain invalid information. For example, data burst 108e,
which does not correspond to any of data bursts 100a—1005
in datz-out signal 100, may be a spurious signal which does
not have the appropriate identification information;
accordingly, it will be deemed to contain invalid informa-
tion. Interval bil sequences, ping bif sequences, and alarm bit
sequences, by specifying the kind of event which caused the
fransmission of a data burst, are also used to validate
information in date bursts 1082—108k. Specifically, if a data
burst 1082-108% is received during a capture window 110a
or 1105 but not during a synchronization window
1062-106¢, it should contain one of an interval bit sequence,
a ping bit sequence, or an alarm bit sequence in order to be
considered valid. In this way, the present invention provides
an additional measure of protection against cross-talk,

A data-out signal 112 is generated at reader unit 28 in
response to the other signals described above and appearing
at reader unit 28, Data-out signal 112 comprises one or more
data packets 112a-112k which contain a variety of infor-
mation. This information includes identification
information, status information, alarm information received

from a tag unit 26 and validated at-reader unit-28; - - - — - .

furthermore, at least a portion of the information may
specify the events which caused the data packets 11201125
to be generated. For example, data packets 1124 and 112g
may each specify the conneciion of a vehicle to a trailer 12,
identificalion information for that trailer 12, a synchroniza-
tion bit sequence, and optional information, such as condi-
tion or status information, for the frailer. Data packets 11256,
112¢, and 112e may each contain an interval bit sequence
and specify identification information and optional inferma-
tion. Data packet 1124 may contain an alarm bit and specify
identification and alarm information. Data packets 112f and
112k may specify the disconnection of a trailer from a
vehicle.

The information of data packets 1124—112% can be either

NSC 16 and/or hosts 24 or, alternatively, stored at reader unit
28 for downloading at a later time. Relay unit 34 may add
other information, such as positioning information, to data
packets 1121124, Accordingly, NSC 16 andfor hosts 24
receiving the data packets will be provided with a variety of
information for monitoring, controlling, tracking, or other-
wise managing trailer 12.

FIG. 5 is a timing diagram 114 illustrating czemplary
signals which can be output by two tag units 26 in accor-
dance with the present invention. In particular, a first data
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signal 116 may be output by first tag unit 26 and a second
diata signal 118 can be output by a second tag unit 26. Each
of first data signal 116 and second data signal 118 can be
transmitted out of the corresponding tag unit in the form of
a data-out signal, such as data-out signal 100 shown in FIG.
4,

As shown, first data signal 116 comprises a number of
pulse groups 1164-1164. All or a portion of these pulse
groups can be contained within a single data burst 100x of
the corresponcling data-cut signal transmitted from the first
tag unit. Data burst 100x is similar 1o data bursts 100a-100f
shown in FIG. 4. If data pulse groups 116a-1164 are part of
the same data burst, they may convey the same information,
Pulse groups 116a-1164 may be separated by non-uniform
intervals.

Second data signal 118 comprises a number of data pulse
gronps 11821184, which can be contained within a data
burst 100y of a corresponding data-out signal sent from the
second lag unil. Data burst 100y is similar to data bursts
100a—100; shown in FIG. 4. Each data pulse group
118421184 may convey the same information as every other
data pulse group 1184-1184. Like data pulse groups
116a-1164 of first data signal 116, data pulse groups
1182-118d of second data signal 118 are separated by
non-uniform intervals.

Cross-talk may arise between first and second data signals
116 and 118 when one of data pulse group 11621164
“collides” or occurs at the same time as one of data pulse
group 1184-1184. As shown, data pulse groups 116a and
1165 collide with data pulse groups 118« and 1185, respec-
tively.

The present invention, however, provides some measure
of protection against cross-lalk. In one embodiment, the
non-uniform inlervals between pulse groups in each of first

data signal 116 and second data signal 118 can be pseudo- -

randomly generated, for example, from an ideatification for
the corresponding tag unit. That is, the intervals between
pulse group 116¢-1164 may be derived from an identifica-
tion for the first tag unit. Likewise, the intervals botween
pulse groups 1184s-118d may be derived from an identifi-
cation for the second tag unit. Because the data pulse groups

- in each of first and second-data signals 116 and 118 are-

separated by psendo-random infervals, not every pulse
group L16a-1164 will collide with a puise group 1184-1184
even when some of the pulse groups collide. For example,
pulse groups 116¢ and 1164 in first data signal 116 do not
collide with any pulse groups in second data signal 118.
Likewise, pulse groups L18¢ and 1184 in second data signal
118 do not collide with any pulse groups in first data signal
116. The information carried in first and second data signals
116 and 318 can thus be received by suitable reader units 28,

In one embodiment, cach tag unit 26 is operable to detect
the collision of its transmissions with those of another tag
unit 26, and then broadcasl subsequent transmissions at
pseudo-randomly generaied intervals. Allernatively, in
another embodiment, a reader unit 28 may delect the colli-
sion of transmissions broadcast by twe or more tag uniis 26;
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A start of text (STX) field 122 identifies the start of the
data message or text. A count field 124 specifies the number
of bytes cantained in the data message which follows start
of text field 122. A frame field 126 may define the type of
data contained in the message. Frame field 126 can also
specify or contain a synchronization bil sequence, an inter-
val bit sequence, a ping bil sequence, or an alarm bit
sequence, each of which may be used by a reader unit 28 to
validate the information contained in the message. In one
embodiment, the same bit positions in frame field 126 are
used to support each of the synchronization, interval, ping,

and alarm bit sequences; in such case, the bit sequences

comprise different combinations of bits. For example, a
synchronization bit sequence may comprise a binary “00”;
an interval bit sequence may comprise a binary “01"; a ping
bit sequence may comprise a binary *10”; and an alarm bit
seguence may comprise a binary “11”. In another
embodiment, separate bit positions in frame field 126 are
provided for each bit sequence; thus, for example, the first
two bit positions are provided for the synchromization bit
sequence, the second two bit positions are provided for the
interval bit sequence, the third two bit positions are provided
for the ping bit sequence, and the fourth two bit positions are
provided for the alarm bit sequence.

An identification (ID) field 128 specifies an identification
for the trailer 12 on which tag unit 26 is located; this
identification may uniquely identify that particular trailer 12.
A data field 130 can contain various data or information
relating to the trailer 12. This information may include status
information or alarm information for various conditions on
board frailer 12, such as temperature, pressure, humidity, eie.
In one embodiment, the information in data field 130 can be
optional for each message. A checksum (CHK SUM) field
132 specifies a checksum of the message. An end of text
(ETX) ficld 134 defines the end of the text or message.

FIG. 7 is a flow diagram of an exemplary method for
communicating information from a tag unit 26 in accordance
with the present invention. In one embodiment, method 200
corresponds to the operation of tag unit 26.

Method 200 begins at sicp 202 where tag unit 26 is

initialized. Initialization may include loading software from

internal memory 62 into processor 40. Initialization may
also include storing an identification for the trailer 12 on
which fag unit 26 is located. At step 204, processor 40 sels
a timer contained therein so that the timer will activate tag
unit 26 after the lapse of a predetermined interval. The
predetermined interval can be fixed, varying, or pssudo-
random and generated from the trailer identificaiion. The
timer is also set to measure a number of random or pseudo-
random offsets after the interval has lapsed. Like the pre-
determined interval, the offsets may be derived from the
trailer identification.

Al step 206, processor 4 powers-down tag uwnit 26—i.e.,
places tag unit 26 in inactive mode—so that the amount of
energy or power drawn from power supply 58 is reduced. In
this way, the present invenlion conserves power of energy,

the reader unit 28 may communicate with each of these tag
units 26 to inform them that their transmissions arc collid-
ing. Bach tag unil 26 may then generate and impose pseudo-
random intervals between subsequent transmissions.

FIG. 6 illusirates an exemplary message format 120 in
accordance with the present invention. Information that is
communicated from a tag unit 26 to a reader unit 28 may be
formatied according to message format 120, Message format
120 includes 2 number of fields, each of which is provided
for a specific purpose, '

%]

thus prolonging the [ife of powcer supply 38,

Tag unit 26 remains in inactive mode until the occurrence
of any one of various aclivating events, such as a synchro-
nization event, a ping cvent, an alarm event, or a timeout
eveni. Within tag unit 26, the signals for these activating
events can be generated, relayed by, or received at any of
synchronization event detector 54, ping event detector 56,
sensor I/Fs 46-52, or clock 44,

If a synchronization event is detecied by synchronization
event detector 54 at step 208, it will generate a synchroni-
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zation event pulse, which is input into processor 40, At step
210, processor 40 generates a data message, which can be
sent out via RF trapsceiver 38 and antenna 60 in the form of
a clata burst. This message may include identification infor-
mation uniquely identifying the trailer 12 on which tag unit
26 is located. In addilion, various other “optional”
information, such as stalus information or alarm
information, may be included in the message. The message
may also comprise a synchronizaiion bit sequence. The
message may be formatted according to the exemplary
message format 120 illustrated and described above with
reference to FIG. 6. Method 200 proceeds to step 220.

I no synchronization event has been detectsd at step 208,
tag unit 26 checks for a ping event at step 212. If a ping event
is detected by ping event detector 56, then the ping event
detector will generate and input 2 ping-in pulse into proces-
sor 40. In response, processor 40 at step 210 generales a
message, which may include identification informafion,
optional information, and a ping bit sequence. The message
is sent out of lransceiver 3§ and antenna 60, afier which
methad 200 proceeds to step 224.

If a ping event has not been detected at step 212, tag unit
26 checks for an alarm event at step 214, If an alarm event
is deteeted by one of sensor I/Fs 46-52, such sensor I/F will
generale an alarm pulse sequence, which is input into
processor 40, At step 210, processor 40 generates a message,
which may contain identification information, optional
information, and an alarm bit sequence, for transmission out
of tag wnit 26. The message is iransmitted, after which
method 260 proceeds to step 220,

If an alarm event has not been detected at step 212, tag
unit 26 will check for a timeout—i.e., the lapse of a
predetermined interval as measured by clock 44—at step
2186, Tf a timeout has occnrred, an interval pulse is generated
and input into processor 40. At step 210, processor 40 may
then generate and transmit 2 dala message which contains
ideniification information, opiional information, and an
interval bit sequence; afterwards, method 200 moves to step
220. Otherwise, if a timeout has not occurred, tag unit 26
returns to step 208, after which it will continue to cycle

-through steps 208-2116 until at least one of a synchronization
event, a ping event, an alarm event, or a timeout has been
detected,

At step 220, processor 40 determines whether the mes-
sage has been transmitted a predetermined number of times
(e.g., three times). If the message has net been transmitted
for this predetermined number of times, then at step 222
processor 40 delays for the randem period or offset previ-
ously set into the timer at step 204; it should be understood
that the random period may differ between transmissions.
Afterwards, method 200 moves (o step 210 where the
message is transmitted again. Tag unit 26 contimies io cycle
through steps 220, 222, 210, and 218 until the message has
been transmitted for the predetermined number of times.
When processor 40 determines at step 220 that the prede-
termined number of transmissions have been sent, tag unit
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processor 68 sets a timer contained therein so that the timer
will output an expiration signal at a specified time after
reader unit 28 has last communicated with a particular tag
unit 26. This expiration signal may be inlerpreted as a
disconnect between a vehicle on which the reader wnit 28 is
located and a trailer 12 on which the tag unit 26 is located.

Al step 306, processor 68 determines whether a timeout
has oceurred—i.c., whether an expiration signal has been
generated, If a timeout has occurred, processor 68 may
command a response, and then af step 308, processor 68
generates and sends a disconnect message to an NSC 16 or
hosts 24. The disconnect message notifies NSC 16 and/or
hosts 24 1hat the vehicle on which reader unit 28 is located
is no longer connected 1o the trailer 12 having the tag unit
26 with which the reader unit last comniunicated. Method
300 returns to step 304.

If 2 timeout has not occurred, reader unit 28 checks for a
synchronization event af step 310, If synchronization event
detector 76 has detected a synchronizalion event, (hen
processor 68 sets or opens a synchronization window at step
312. Information communicated during such synchroniza-
tion window is considered wvalid; information that is com-
municated outside such window may or may not be valid
depending on other events, as discussed herein.

At step 314, processor 68 determines whether a data burst
was received from a tag unit 26 during the synchronization
window. If no data burst was received al RF transceiver 66
during the synchronization window, reader unit 28 generates
a disconnect message at step 316, The disconnect message
indicates or signals the disconnection of the vehicle (on
which reader unit 28 is located) with a trailer 12. Method
300 then moves to step 324.

Otherwise, if a data burst was received during the syn-
chronization window, then at step 318 processor 68 deter-
mines whether a synchronization bit sequence is contained
within the data burst that was received. If no synchronization
bit sequence is contained in the received data burst, then
reader unit 28 generates a disconnect message at step 3186,
after which method 300 moves to step 324.

Alternatively, if a synchronization bil sequence is con-
tained within the received data burst, processor 68 resets a
capture window at step 320. A capture: window corresponds
1o the connection of the vehicle with a particular trailer 12,
and may be specific to that trailer 12, A capture window may
remain open until a timeout has occurred—i.e., an expiration
signal has been penerated. For the reset of a capture window,
reader unit 28 resets the timer for the expiration signal and
stores an identification for the trailer 12 which transmitted
the data burst. Af siep 322, reader unit 28 generaies a
connect message, afier which method 300 moves to step
324,

At step 324, processor 68 determines whether a reporting
interval has expired. This reporting interval is maintained so
that information will not be transmitied out of reader unit 28
every time that a synchronization event is detected. For
example, if the synchronization event comprises a brake

26 returns to step 204 where the timer and interval arc
loaded along with an interval and random offset,

FIG. 8 is a flow diagram of an exemplary method 300 for
receiving information in accordance with the present inven-
tion, In one embodiment, method 300 may correspond fo the
operation of a reader unit 28 which can be disposed on a
vehicle, such as a tractor 30,

Method 300 begins at step 302 where reader unit 28 is
initialized. Initialization may include loading software from
the internal memory 88 inlo processor 68. At step 304,

55

signal, then in arcas and/or times of heavy traffic {e.g., major

cities during resh hour) a synchronization event may occur
every few seconds. If the reporting interval has not expired,
then method 300 returns to siep 304 where the expiration
timer is loaded. Alternatively, if the reporting interval has
expired, then reader unit 28, using relay unit I/F 80, trans-
mits a suitable message out to NSC 16 and/or hosts 24 at step
326. This message may specify the connection or discon-
nection of a trailer 12, identification information for the
trailer, and any other information, such as status informa-
tion. Method 300 then returns to step 304,
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Referring again to step 310, if no synchronization event
was deiected, then at step 328 processor 68 determines
whether a data burst has been received at RF transceiver 66.
If no data burst was received, method 300 returns to step 306
where processor 68 determines whether a timeout has
occurred. Otherwise, if 4 data burst has been received, then
at step 330 processor 68 determines whether a caplure
window is currently open. As described above, a capture
window is specific to a particular trailer 12 and defines a
window for communicating with a tag unit 26 provided on
that trailer 12. If a capture window is not currently open, the
information contained in the data burst should be treated as
invalid; thus, at siep 322 reader unit 28 disregards the
information, Method 300 then returns to step 306.

Otherwise, if a capture window is currently open, pro-
cessor 68 determines whether any of an interval bit
sequence, a ping bit sequence, or an alarm bit sequence is
contained within the data burst that was received. If none of
these bit sequences appears in the data burst along with
appropriate identification information, then the information
contained in the data burst should be treated as invalid. Thus,
at step 322 reader unit 28 disregards the information.
Allernatively, if one of the bit sequences uppears in the data
burst along with appropriate idenlification information, then
readar unil 28 transmits a message at step 326. Specifically,
processor 68 cooperates with relay unit I/F 80 1o pass the
identification information and any other information con-
tained in the data burst, such as status or alarm information,
to NSC 16 and/or hosts 24, Afterwards, method 300 returns
to step 304 where the expiration timer is loaded.

Although the present invention has been described in
several cmbodiments, a2 myriad of changes, variations,
alterations, transformations, and modifications may be sng-
gested to one skilled in the art, and it is intended that the
present Invention encompass such changes, variations,
alterations, transformations, and modifications as fall within
the spitit and scope of the appended claims.

What is claimed is:

1. A trailer communicalions system comprising:

a tag unit for location on a trailer;

. a reader unit_at_a remote location; and

the tag unit and the reader unit operable to communicaie
information during a window for communication estab-
lished in response to a predetermined event which
occurs substantially simultancousky at both the trailer
and the remote location, wherein the information com-
municated between the tag unit and the reader unit
outside the window is considered invalid,

2. The system of claim 1, wherein the remote location
comprises a vehicle coupled to the trailer.

3. The syslem of claim 2, wherein the predetermined
evenl comprises an event supported by a seven-pin connec-
tor between the trailer and the vehicle.

4, The system of claim 2, wherejn the predetermined
event comprises the application of brakes on the trailer and
the vehicle,
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in the memory in response to the detection of the
predetermined event.

7. The system of claim 1, wherein the tag unit operates in
an inactive mode to conserve power and an active mode to
communicate information.

8. The system of claim 7, wherein the tag unil comprises:

a detector operable to detect the predetermined event; and

a processor coupled to the detector, the processor operable
1o transition the tag unit from the inactive mode to the
active mode in response to the detection of the prede-
termined event.

9. The system of claim 1, wherein cach of the tag unit and
the reader unit communicates using radio frequency.

10, The system of claim 1, wherein the predetermined
event comprises one of a synchronization event, a ping
event, an alarm event, or the lapse of a predetermined
interval.

11. The system of claim 1, further comprising a relay unit
in communication with the reader unit, the relay unit oper-
able to relay the information communicated between the tag
unit and the reader wnit to a host.

12, The system of claim 11, wherein the relay unit is
further operable to provide positioning information for
locating the trailer,

13. The syslem of claim 1, wherein the tag unit comprises
at least one control interface operable to provide control
information to at least one conditioning device on the frailer.

14. The system of claim 13, wherein the control interface
provides control information to af least one of a refrigeration
unit, a humidifier, and an anti-shock device,

15. The system of claim 1, wherein the window for
communication is initiated by a first synchronization event
and is terminated by a second synchronization event.

16. The system of claim 1, wherein:

the tag unit comprises a particular one of a number of tag

units;

the window for communication is associated with the

particutar tag unit;

the information comprises first data baving an identifier

associated with the pariicular tag wnit and second data

not having an identifier associated with the-particular- -~

tag unit; and

the second data not having an identifier associated with

the particular tag unit is considered invalid.

17. The system of claim 1, wherein the tag nnil comprises
a first tag unit and the information communicated by the first
tag unit fo the reader wnit comprises information commu-
nicated to the first tag wnit by a second tag unil located on
a second trailer,

18. A tag unit for location on a trailer, the tag unmit
operaling in either an mactive mode or an active mode, the
lag unit comprising:

a memory operable Lo store information relating o the

trailer;

an activating event detector operable to detect an activat-

5. The system of claim 1, Turther comprising af least one
sensor located on the trailer and coupled to the tag unit, the
sensor operable fo monitor at least one of temperature,
humidity, and pressure within the trailer.

6. The system of claim 1, wherein the tag unit comprises:

a memory operable to store information relating to the

trailer;

a detector operable to detect the predetermined event, and

a lransmilter coupled to the memory and the detecior, the

transmitter operable to transmit the information stored

65

g evenl which occurs supstantially simultaneously at
the trailer and a remoie locaiion;

a processor coupled to the memory and the aclivating
event detector, the processor operable to transition the
tag unit from inactive mode to active mode in response
to the detection of an activating event; and

a transmitler coupled to the processot, the transmitier
operable fo transmil the information stored in the
memory during a window for communication estab-
lished in response to the defection of the activating
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event by the activating event detector, wherein the
information communicated between the tag unit and the
remote location outside the window is censidered
invalid.

19. The tag unit of claim 18, further comprising at least
one sensor inlerface, the sensor interface operable to relay
informalion generated by a sensor o the processor.

20. The tag unit of claim 19, whersin the sensor monitors
at least one of lemperature, lmrnidity, and pressure within the
trailer.

21. The tag unit of claim 18, wherein the activating event
detector comprises one of a synchronization event detector,
a ping event detector, or a sensor interface.

22, The tag unit of claim 18, wherein the activating event
comprises an event supported by a seven-pin connector
between the trailer and the vehicle.

23. The tag unit of claim 18, wherein the activating event
comprises one of a synchronization event, a ping event, an
alarm event, or the lapse of a predetermined interval.

24, The lag unit of claim 18, wherein the {ransmitter
communicates using radio frequency.

25. The tag unit of claim 18, further comprising at least
one control interface operable to provide control information
to at least one conditioning device on the trailer.

26. The tag unit of claim 25, wherein the control interface
provides control information to at least one of a refrigeration
unit, a humidifier, and an anti-shock device.

27. The tag unit of claim 18, wherein the window for
communication is initiated by a first synchronization event
and is terminated by a second synchronization event.

28, The tag unit of claim 18, wherein the tag unit
comprises a first tag unit and the information comprises
information communicated to the first tag unit by a second
tag unit located on a second trailer.

29. A method for communicating with a trailer compris-
ing:

detecting a predetermined event which occurs substan-

tially simultaneously at both the trailer and a remote
location;

specifying a window for communication between a tag
unit on the trailer and a reader unit at the remote

location in response to the detection of the predeter-

mined event; and

commmnicating information from the tag unit to the reader
unif, wherein information cornmunicated between the
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tag unit and the reader wnit outside the window is
considered invalid.

30, The method of claim 29, wherein the remote location
comprises a vehicle coupled to the trailer.

31. The method of claim 30, wherein the predetermined
event comprises an event supporied by a seven-pin connec-
tor between the trailer and the vehicle,

32. The method of claim 30, wherein the predetermined
event comprises the application of brakes on the trailer and
the vehicle.

33, The method of claim 29, further comprising the step
of transitioning the tag unit from an inmactive mode to an
active mode in responss to the detection of the predeter-
mined event.

34. The method of claim 29, wherein the information
comprises control information, and further comprising com-
municating the control information from the tag wnit to a
conditioning device on the trailer,

35. The method of claim 29, wherein:

the predetermined event comptises a first synchronization
event and a second synchronization event; and

the step of specifying a window for communication
comprises initiating the window for communication in
response to the first synchronization event and termi-
nating the window for communication in response to
the second synchronization event.

36. The method of claim 29, wherein:

the tag unit comprises a particular one of a pumber of tag
units;

the window for communication is associated with the
parlicular tag unil;

the information comprises first data having an identifier
associated with the particular tag unil and second dala
oot having an identifier associated with the particular
tag unit; and

the second data not having an identifier associated with
the particular tag unit is considered invalid.

37. The method of claim 29, wherein the tag unit com-

prises a first tag unit and the information communicated by

. the first fag unit fo the reader unif comprises information

communicated fo the first tag unit by a second tag unit
located on a second trailer.
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	1. Plaintiff Mobile Logistics is a limited liability company organized under the laws of Delaware with a place of business at 1209 Orange Street, Wilmington, Delaware  19801.
	2. Defendant is a corporation organized under the laws of California with its principal place of business at 1000 Davis Street, Livingston, California 95334-1526.
	3. This is an action for patent infringement arising under the patent laws of the United States, Title 35 of the United States Code.
	4. This Court has jurisdiction over the subject matter of this action under 28 U.S.C. §§ 1331 and 1338(a).
	5. Upon information and belief, Defendant regularly conducts business in this judicial district and committed acts of patent infringement in this judicial district including, inter alia, using products and services and using infringing methods and ins...
	6. Upon information and belief, Defendant has ongoing and systematic contacts with this judicial district and the United States.  In particular, Defendant is incorporated in the State of California and maintains its principal place of business within ...
	7. Venue is proper in this judicial district under 28 U.S.C. §§ 1391 and 1400.
	8. Mobile Logistics repeats and realleges the allegations of paragraphs 1 through 7 as though fully set forth herein.
	9. On December 7, 1999, United States Patent No. 5,999,091 ("the '091 Patent"), entitled "TRAILER COMMUNICATION SYSTEM," was duly and legally issued by the United States Patent and Trademark Office.  A true and correct copy of the '091 Patent is attac...
	10. Mobile Logistics is the assignee and owner of the right, title, and interest in and to the '091 Patent, including the right to assert all causes of action arising under said patent and the right to any remedies for infringement of it.
	11. Upon information and belief, Defendant is and has been directly infringing the ’091 Patent in the United States at least by using infringing Radio Frequency Identification (“RFID”) tag units for location on a trailer.  Defendant has infringed and ...
	12. Because of Defendant’s infringement of the ’091 Patent, Mobile Logistics has suffered damages and will continue to suffer damages in the future.
	13. Defendant will be deemed to have knowledge of the ’091 patent and its infringement of the ’091 Patent at least as of the filing date of this Complaint.
	14. Upon information and belief, Defendant has not altered its infringing conduct after receiving this Complaint.
	15. Upon information and belief, Defendant’s continued infringement despite its knowledge of the ’091 Patent and Mobile Logistics’ accusations of infringement has been objectively reckless and willful.

