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(54) Title: A TRACKING DEVICE AND METHOD

(57) Abstract: The present invention includes a tracking device that is associated with a cargo container. The cargo container is
used for shipping of goods and materials and is placed into transportation vessels for shipment. The tracking device includes a GPS
for receiving positioning information concerning the location of the cargo container and is adapted to transmit the location of the
cargo container remotely. Sensor(s) are also operatively associated with the cargo container and tracking device to sense information
concerning the surroundings of the cargo container. The tracking device receives this sensor information and deactivates the tracking
device when the cargo container is either inside or in proximity to the aircraft.
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A tracking device and method

This invention relates to a tracking device and method.

Many shipping companies attach transmitting devices to shipping
containers to track their geographic Iocation.‘ This allows the shipping company
5 to determine the geographic location of the container as it moves between the
origination and destination points to determine whether the goods inside the
container are on time, late, or somehow misplaced. For instance, the container
may have been misrouted or been placed on the incorrect airline to reach its
destination. The advantages of tracking the position of the goods are many and
10 therefore have become commonplace throughout the shipping industry.
The tracking devices associated with the container transmit and receive
various types of communication signals, such as electro-magnetic and/or radio
frequency signals, for determining the geographic position. A problem occurs

when the container with the tracking device is loaded onto a transportation
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vessel, such as an aircraft, as the signals may potentially cause interference with
the aircraft systems. Regulatory agencies, such-as the Federal Aviation
Administration (FAA), place restrictions on communications signals due to their

potential interference with ﬂight systems and communications. Before the

- present invention, containers with tracking devices could not be loaded onto

vessels such as an aircraft because of this potential interference. Containers

with tracking systems may-also be present in other areas that require intrinsically-
safe conditions. It is therefore necessary that the tracking device be deactivated

while the container is on board the transportation vessel or in an infrinsically safe
area.

It has been determined that for a deactivation method, it is inadequate fo
rely on a person to manually switch off the tl;acking device when it enters the
aircraft. For example, human operators may forget to deactivate the tracking
device when the container |s entered into the transportation vessel. Additionally,
these containers are normally tightly packed into the transportationyessel cargo
hold in such a manner that they are not easily accessible once the fransportation
vessel has been completely loaded. One contfainer with a tracking device still
activated that is loaded ont6 a transportation vessel may require that the entire
transportation vessel bé unloaded to access and deactivate the trackingdevice.
Further, o’r'\cé the container is removed from the transportation vessel at the end

of its journey, the tracking device must be reactivated so the container can again

be adequately tracked.

2
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As a further consideration, the tracking device must be installed on the
container such that it does not interfere with the cu rrently existing cargo
handling equipment. This includes placement of the transmitting device in a
location such that it is not easily damaged by either the cargo handling
equipment or a turbulent aircraft ride. |

The present invention is directed to a tracking device that is associated
with a container for shipping of goods and/or materials. The tracking device
receives information regarding the location of the container and such
information is communicated remotely for tracking purposes. Sensors are
provided to determine if the container is proximate to, being loaded into, or
already loaded in transportation vessels (hereinafter, collectively referred to as
“proximate”) so that the tracking device can be deactivated so as to not interfere
with the communications systems of the transportation vessel, such as an
aircratt.

There are many different manners in which the present invention senses
that the container is proximate to a transportation vessel, any of which can act
independently or in cooperation with each other to deactivate the tracking
device. Environmental sensors may be used to sense information concerning
the surrounding of the container, including but not limited to, reception of

positioning

3
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information, acoustics, frequencies, pressure, alfitude, motion, vibration,
capacitance, and imaging. Cooperative marker sensors may also be used by
placing them prqximately to the transportation vessel in strategic locations such
that sensors associated with the container are able to read such markers to
determine that the container is proximate to a transportation vessel so that the
tracking device can be deactivated. These sensors are also used to determine
when the container is no longer proximate to a transportation vessel so that the
tracking device can be reactivated.

Transportation vessels may have cargo holds that are shielded from
reception of outside signals. In one environmental sensor embodiment, the lack
of reception of positioning information inside such a cargo hold may be used to
indicate that the -container is inside a ftranspbrtation vessel.

In a second environmental sensor embodiment, acoustic signals unique to
a particulér type of transportation vessel may be sensed to indicate that the
container is proximate to a transportation vessel. The tracking device compares
the sensed acoustic signals fo predetermined acoustics signals stored in memory
to determine if the tracking device isin a transpoﬁation vessel and, thus, should
be deactivated.

in another environment;l sensor embodiment, frequency detection is
used. The fransportation vessel }ﬁay emit particular frequencies that are
representative of the operation of the vessel. Fof instance, aircraft AC power
systems emit a frequency around the 400 Hz range that may be detected tb

signify that the container is proximate fo the aircraft.

4
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In another environmental sensor embodiment, pressure readings are
used. Pressuré readings can determine height above sea level which in turn can
be used to determine if the container is airborne a;nd. therefore, in a
transportation vessel such as an aircraft. If the pressure readings are used in
combination with positioning information, the tracking device can determine the
container's height above ground level to further ensure that the container is
actually airbone (as opposed to above seal level, but still on the ground such as
in a mountainous region) before deactivating the tracking device. |

In another environmental sensor embodiment, motion and/or vibration of
the container is measured. If the container is moved in a certain way or at a

certain angle, this may signify that the container is proximate to a fransportation

- vessel. Likewise, transportation vessels may have unique vibrations that can be

sensed to determine when the container is proximate to a transportation vessel
so that the tracking device can be deactivated.

In another environmental sensor embodiment, capacitance is used to
detérmine if the container is proximate to a transportation vessel. Certain cargo
holds of transportation vessels may be constructed of unique materials of known
thicknesses that will couple with the container tq form a predetermined
capacitance when fhe container is proximate to the transportation vessel. Thus,
by determining the capacitance associated with the container, the tracking device
can determine Whether the container ié proximate to a transportation vessel so

that the tracking device can be deactivated.

5
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In another environmental sensor embodiment, an imaging sensor may be
used to determine the curvature of the container's surroundings. Certain cargo
holds for certain transportation vessels may have unidue shapes, and, thus,
identifiable curvatures, due to the vessel's construction and design. By using an.
imaging sensor to identify the curvature associated with the container's
surroundings, the tracking device can determiné whether the container is
proximate to a transportation vessel so that the tracking device can be
deactivated.

| In afirst cooperative marker sensor embodiment, an optical sensor is

used to read a code marker or other pattern strategically p!aced proximate o the
transportation vessel to signify that the container is proximate to a transportation
vessel. Such codes may he one dimensional pattern codes such as a bar code
ortwo dimensional paitern codes. When such a code is read, the tracking device
recognizes that the co‘ntainer is proximate to a transportation vessel so that the
fracking device can be deaclivated. In addition to signifying that the container is
proximate to a transportation vessel, such codes may also contain othe.r
information, such as the itinerary of the fransportation vessel or its journey
duration, which gives the tracking device the option of tailoring the reactivation
process to occur after the transportation vessel reaches its destination.

| In a second cooperative marker sensor embadiment, a capacitance
‘marker sensor ié used to read a capacitance marker strategically placed
proximate to the t.ransportation vessel fo signify that the container is proximate to

afransportation vessel. Forinstance, metal plaies may be used as the
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capacitance marker and placed inside the cargo hold of the transportation vessel
where the container will be located. By determining the capacitance associated
with the containet, the tracking device can identify when the container is
proximate to a transportation vessel so that the tracking device is deactivated.
| In another cooperative marker sensor em'bodiment, an ultrasonic marker

sensor is used to detect ulirasonic signals to signify that the container is
proximate to a transportation vessel. Markers that emit specific ultrasonic signals
are placed proximate to the;transmrtation vessel. The tracking device emits a
signal and includes an ultrasonic transponder tb receive the response to such
signél. Because the markers are known to emit specific signals in response to
specific signals emitted by the tracking device, the tracking device can identify
when such markers are present, signifying that the container is proximate to a
transportation vessel so that the tracking device can be deactivated.

in another‘ cdoperative marker sensor embodiment, an infrared beacon
sensor is used to detect infrared signals to signify that the container is proximate
to a transportation vessel. Markers that emit specific infrared signals are placed
proximate to the transportation vessel. The tracking device includes an infrared
sensor to detect infrared signals. Because the infrared markers are known to
emit specific signals, the tracking device can identify when such markers are
present, signifying that the container is proximate to a transportation vessel so
that the tracking device can be deactivated.

In another cooperative marker sensor embodiment, a frequency beacon

sensor is used to detect frequency signals to signify that the container is
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proximate to a transportation vessel. Markers that emit specific frequency
signals are placed proximate to the transportation vessel. The tracking device
includes a frequency sensor to detect ffequency signals. Because the frequency
markers are known to emit specific signals, the tracking device identify when
such markeré are present, signifying that the container is proximate to a
transportation vessel so that the tracking device can be deactivated.

This method may be of particular advantage when combined with the
environmental frequency sensor embodiment discussed above if the
transportation vessel is an aircraft. Specifically, the frequency beacon may be
set to emit frequency signals in the range of 400 Hz, the same frequency range
as that emitted by an aircraft’s AC power system. The fracking device can
include and use the same frequency sensof for both the environmental frequency
sensing method and freduency beacon method as a redundancy, without the
extra cost of two different types of sensors associated with the tracking device.

In another cooperative marker sensor embodiment, a magnetic marker
sensoris used to detect magnetic patterns to signify that the container is
proximate to a transportation vessel. Magnetic markers arranged in a specific
pattern to form a code are placed proximate to the transportation vessel. The
tracking device includes a magnetic marker sensor to detect the magnetic marker
pattern. By reading and identifyi.ng the expected magnetic marker pattern, the
tracking device éan.determine When the container is proximate to a

transportation vessel so that the tracking device can be deactivated.

8
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The tracking device can deactivate the system to varying degrees. The
most important deactivation is to deactivate the remote communication device
so that transmissions are not made while the container is proximate to a
transporiation vessel. The tracking device can also deactivate other systems to
conserve power and to further diminish poteﬁtial interference with the
transportation vessel’s éystems. Sensors associated with the tracking device
that emit signals may also be deactivated, depending on the particular type of
transportation vessel and the strength of the signals emitted.

The invention will now be described, by way of example, with reference
to the accompanying drawings, in which:

Figure 1 is a perspective view of a container designed for the cargo hold
of an aircraft;

Figure 2 is a partial perspective view illustrating a container being loaded
into the cargo hold of an aircraft;

Figure 3 is a schematic representation of the components of the tracking
device of the present invention; |

Figure 4 is a schematic representation of a global positioning system
used by the tracking device to determine the geographic position of the

container;

Figure 5 is a flowchart describing the operation of the tracking device
when using sensors;

Figure 6 is a flowchart describing the deactivation and reactivation
procésses of the tracking device when using sensérs;

Figure 7 is a schematic illustration of an acoustic sensor;

9
SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 01/75472 PCT/GB01/01531

Figure 8 is a schematic illustration of a frequency detection sensor;

Figure 9 is a flowchart describing the use of a pressure sensor used to
determine if the container is in an aircraft;

Figure 10 is a schematic illustration of an imaging emitter and detector;

Figure 11 is a schematic representatioh of a Snowflake code;

Figure 12is a schematic representation of a capacitance marker sensor;

Figure 13 is a schematic representation of an ultrasonic transponder;

Figure 14a is a schematic representation of a magnetic marker sensor;
and

Figure 14b is a schematic representation of a magnetic marker patiern.

In the following description, like reference characters designate like or
corresponding parts throughout the several views. Also, in the following
description, it is to be understood that such terms as “forward”, “rearward”,
“left”, “right”, “upwardly”, “downwardly”, and the like are words of convenience
and are not to be construed as limiting terms.

Referring now to the drawings in general, and to Figure 1 in particular, it
will be understood that the illustrations are for the purpose of describing a
preferred embodiment of the invention and are not intended to limit the
invention thereto.

Aé illustrated in Figures 1 and 2, a container 10 is provided that ié

especially suited for the cargo hold of an aircraft, such as those containers

10
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manufactured and distributed by Envirotainer Group Companies. A tracking
device 100 is associated with the container 10 for determining its geographic
position during the shipping process. The tracking deviée 100 may be piaced
internally within th-e container 10, or the tracking device 100 may be positioned
on an outer surface necessary for communication with a cooperative marker 60
as will be described below. The tracking device 100 is placed in a position such
that it will not interfere with or be damaged by the material handling system,
generally designated 40.

Container 10 may take a variety of forms depending upon the type of
materials and goods being shipped. Container 10 may also be constructed to
provide for temperature sensitive materials that range from insulated packaging,
refrigeration units using dry ice, and thermosfat equipped containers using
aircraft power to run refrigeration and heating systems; Figure 2 iliustrates the
container 10 being loaded into the loading port 65 of an aircraft 50. The

container 10 is equipped to be handled by a material handling system 40, and

" may include openings for mounting the blades of a forklift or a protective outer

layer allowing for moving the container 10 into the aircraft 50. One skilled in the
art will understand that there are a plethora of containers and many different
types of transportation vessels, such as aircratt, ships, and trains that are all
applicable io the present invention.

The tracking device 100 is schematically illustrated in Figure 3. A control
system 101 includes a microprocessor 102 operatively connected with a memory

104, an input/output interface 106, and a timer circuit 108. The microprocessor
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102 interfaces with devices oLitside the control system 101 through the
input/output interface 106. If the microprocessor 102 needs to carny out
instructions or operations based on time, the microprocessor 102 uses the timer
circuit 108.

The tracking device 100 also includes a positioning system 118a, also
referred to as a global positioning system (GPS) receiver 118a, and the two
terms are used interchangeably herein. The GPS receiver 118a receives
electronic signals containing. positioning information representing the location of
the tracking device 100 and;"therefore, the location of the 6ontainer 10. One
example of the positioning system 118a is described in U.S. Patent No.
5,648,763, incorporated herein by reference herein in its entirety

The positioning information is received by the microprocessor 102 through
the input/output interface 106. The microprocessor 102 may store the positioning
information in memory 104. The microprocessor 102 may also send the
positioning information received from the positioning system 118a concerning the
location of the container 10 fo a remoté communication device 112. The remote
communicatioh device 1 i2 communicateé the positioning information to a remote
site 130 or other type of host computer. The remote communication device 112
may transmit positioning information by a wired communication sucii as a
telephone modem, or it may transmit such infi)rmation wirelessly through use of a
cellular phone n'iodem. Allernatively, the remote communication device 112 may
send out positioning information to the remote site 130 in the form of frequency

communication signals to devices such as satellites or radio-frequency devices.

12

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 01/75472 PCT/GB01/01531

Figure 4 illustrates one embodiment of a GPS system 200 as a space-
based radio positioning network for providing users equipped with suitable
receivers highly accurate position, velocity, and time (PVT) information. The
illustrated space-based embodiment of the GPS system 200 includes a
constellation of GPS satellites 201 in non—geosyhchronous twelve-hour orbits
around the earth. The GPS satellites 201 are located in six orbital planes 202
with four of the GPS satellites 201 in each plane, plus a number of "on orbit"
spare satellites (not shown) for redundancy.

GPS position determination is based upon a concept referred to as time of
arrival (TOA) ranging. Each of the orbiting GPS satellites 201 broadcasts spread
spectrum microwave signals encoded with positioning data and satellite
ephemeris information. The signals are broédcast on two essential frequencies
at precisely known timesl and at precisely known intervais. The signals are
encoded with their precise time of transmission.

The tracking device 100 receives the signals with a particular type of
positioning system 118a called a GPS receiver. The GPS receiver 118a is
designed fo time the signals and to demodulate the GPS satellite 201 orbital data
contained in the signals. Using the orbital data, the GPS receiver 118a
determines the time between transmission of the signal by thé GPS satellite 201
and reception by the GPS receiver 118a. Multiplying this by the speed of light
gives what istefmed the “pseudo range measurement” of that satellite. If a clock
within the GPS receiver 118a were perfect, this would be the range

measurement for that GPS satellite 201, but the imperfection of the clock causes
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it to differ by the time offset between actual time and receiver time. Thus, the
measurement is called a pseudo range, rather than a range. However, the time
offset is common to the pseudo range measurements of all the satellites. By
determining the pseudo ranges of four or more GPS satellites 201, the GPS
receiver 118a is able to determine its location in three dimensions, as well the
time offset. Thus, a user equipped with a proper GPS receiver 118a is able to
determine his PVT with great accuracy. The GPS receiver 118a in the present
invention determines pos_itionind information accurately when three or more
satellite signals are received, but it is still possible for the GPS receiver 118a to

successfully determine location from positioning information from two or less

GPS satellites 201. This technology is well known, such as that disclosed in U.S.

Patent No. 6,031,488, incorporated herein by reference in its entirety.

The:tracking device 100 also includes a local access port 122. A
corhputing device such as a laptop couhputer with the proper software can
access the tracking device 100 electronically by connecting to thé local access
port 122 for reasons descripgd below.

A power system 110 supplies power to tracking device 100 components
fbr executing the tracking functions. The power system 110 is contained within
the tracking device 100 so that tracking fuﬁctions can operate regardless of
whether the tracking device 100 is in the presence of an external power source,
but the power system 110 may also be connected to the aircraft power once the

container 10 is loaded onto the aircraft 50. The microprocessor 102 controls
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which devices within the tracking device 100 receive power by controlling the
distribution of the power system 110.

The sensor(s) 118, 120 may utilize a variety of technologies to deactivate
the tracking device 100 when the container 10 is positioned on the aircraft 50.
Generally, these technologies may be divided into two types of sensors:
environmental sensors 118 and cooperative mérker sensors 120. Environmental
sensors 118 are those thai detect the environment to which the tracking device
100 is exposed in order to determine whether the container 10 is positioned
aboard the aircraft 50. Cooperative marker sensors 120 detect a cooperative
marker 60 positioned within or in proximity o the aircraft 50 to determine when
the container 10 is aboard the aircraft 50. The tracking device 100 may be
deactivated in a variety of different manners'depending upon the type of sensors
118, 120 employed. Deactivation prevents interference with delicate aircraft
systems such as navigational,' power, and communicatibn.

in the present invention, the term “deactivation” and the like are defined as
disabling the systems and elements of the fracking device 100 that may cause
interference. This may entail shutling down one or all of the systems depending
upon the specifics of each embodiment. Figure 5 illustrates the basic operation
of the present invention when sensors 118,120 are used to determine if the
container 10 is in the aircraft 50 and/or its cargo hold. The operation starts (step
300) and positio‘ning information is received by the positioning system 118a and
is communicated through the remote communication device 112 to the remote

site 130 (step 302) to allow tracking of the container 10. Information from the
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sensor(s) 118, 120 are passed through the input/output interface 106 to the
control system 101 (step 304). The control system 101 determines, based on the
information from the sensor(s) 118, 120, whether the container 10 is in the
aircraft 50 and/or its cargo hold (decision 306). If the control system 101
determines that the container 10 is not in the airc'raft 50 and/or its cargo hold, the
process returns to the beginning (step 300) and the process is repeated. If the
control system 101 determines that the container 10 is in the aircraft 50 and/or its
cargo hold, the control system 101 performs a deactivation and reactivation
procedure (step 308). When the reactivation process is completed, the process
returns back to the beginning (step 300) and the process is repeated.

The tracking device 100 may contain either a single sensor 118, 120 or
multiple sensors 118, 12qfor transferring irifoqmation to the control system 101 to
deactivate the tracking device 100 (step 308). When the container is in the
aircraft 50 and/or its cargo hold. If the tracking device 100 includes a second
sensor 118, 120 or a multitude of sensors 118, 120, the control system 101 may
wait until signals are received from more than one senéor 118, 120 prior to
performing the deactivation and reactivation procédure (step 308).

Figure 6 describes the deactiva;tion and reactivation process of the
tracking system (step 308) described in Figure 5. The deactivation process
begins (step 330).. The remote communication device 112 that transmits
positioning infoﬁnation regarding the location of the container 10 to the remote
site 130 is deactivated (step 332). The control system 101 controls the power

system 110 and disables power to the remote communication device 112 (step
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332). The control system 101 ‘then determines if the remote communication
device 112 has been disabled due to lack of reception of positioning information
signals from the GPS receiver 118a (discussed below) (decision 333). ‘If yes, the
control system 101 reads memory 104 to determine if any additional systems in
the tracking device 100 should be disabled (decision 335), and such disabling is
carried out if programmed (step 337). The control system 101 then continually
checks to see if poéitioning information has beén received by the GPS receiver
118a until positioning inforrqatidn signals are received (decision 339). The
tracking device 100 is able to perform this function since the deactivation process
does not deactivate the GPS receiver 118a. When positioning information is
received successfully again by the GPS receiver 1183, the tracking device 100 is
reactivated anq resumes the transmission of positioning information concerriingy
the location of the container 10 to the remote site 130 (step 308 in Figure 5).

If the control system 101 determines that deactivation was not a result of
the remote communication device 112 failing to receive positioning information
signals from the GPS receiver 118a (decision 333), the control system 101
determines if the tracking device 100 is o be disabled for a specified period of
time (decision 334). If yes, the control system 101 reads the specified time from
memory‘104 (step 342) and programs the timer circﬁit 108 (step 344). The
control system 101 waits until the timer circuit 108 indicates the specified time
has lapsed (decfsion 346) before the tracking device 100 reactivates previously

deactivated systems in the tracking device 100 including the remote
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communications device 112 (step 347), and ends (step 348), retuming back to
Figure 5 (step 308).

If the control system 101 determines that the tracking device 100 is not to
be deactivatéd for a specified period of time (decision 334), the control system
101 determines if the deactivation period should be based on the itinerary of the
container 10 (decision 338). For instance, the desired period of deactivation
may extend until the aircraft 50 is scheduled to land and/or reach its final
destination. If the answer fo itirierary-based deactivation is yes (decision 338),
the control system 101 calculates the arrival time (step 340) and programs the
timer circuit 108 (step 344). The cohtrol system 101 waits until the timer circuit
108 indicates the arrival time has passed (decision 346) befdre_the tracking
device 100 reactivates previously deactivated systems in the tracking device 100,
including the remote corﬁmﬁnications device 112 (step 347), and ends (step
348), retuming back to Figure 5 (step 308).

If the control system 101 determines that the deactivation should not be
based on the itinerary of the container 10 (decision 338), the control system 101
determines if the container 10 is outside of the aircraft 50 (decision 345) by
checking status of sensor(s) 118, 120 until the container 10 is actually outside
the aircraft 50 at which time the tracking device 100 reactivates previously
deactivated systems in the tracking device 100, including the remote
communicationé device 112 (step 347), and ends (step 348), returning back to

Figure 5 (step 308).
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During the deactivated state, the control system 101 may deactivate all
elements and only maintain enough power to periodically detect the container 10
position. Alternatively, the control system 101 may deactivate only those
elements that may interfere with the aircraft systems, such as the remote
communication device 112 and the positioning system 118a, and maintain the
activated state for the other components.

Alternatively, the control system 101 may send a location signal through
the remote communication device 112 such that the tracking party will know the
last.available geographic location prior to deactivation. The control system 101
may also remain in an activated state for a predetermined period of time until
deactivation. The predetermined period of time provides for the assumption that
the container 10 will be placed onto the aircraft 50 some time before takeoff and
that there will be spare time in which interference with aircraft systems is not an

issue.

Environmental Sensors

The various types of environmental sensors 118 include GPS system
118a, acoustic sensor 118b, frequency detector 118¢, barometric pressure
sensor 118d, motion sensor 118e, capacitance sensor 118f, and/or imaging
emitter and detector 118g. Each of these environmental sensors 118 detects
when the contaiher 10 is placed onto the aircraft 50 or is about to be placed onto
the aircraft 50 and is used for executing step 304 in Figure 5, the logic of which

has been previously discussed above. Additionally, more than one type of
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environmental sensor 118 may be used individually or in combination to make

this detection.

GPS System

When the container 10 with tracking device 100 is.placed into the aircraft
50, the satellite signals. may be blocked by .the aircraft 501 and may not reach the
GPS receiver 118a. The GPS receiver 118a communicates to the control system
101 that the signals are not being received, which the control system 101
equates to the container 10 being placed into the aircraft 50. As the tracking
device 100 is being loaded into the aircraft 50 as illustrated in Figure 2, the GPS
receiver 118a may receive only a limited number of signals or posifioning
information from the satellites 201. The “oﬁe—sided" signal reception is a result of
some of the satellite positioning information being blocked by the aircraft 50,
while others still reach the GPS receiver 118a. Therefore, the control system
101 may identify the container 10 as being placed into the aircraft 50 if only one
or two satellite signals are received by the GPS receiver 118a. The “one-sided”
signal reception may be the primary indication for the control syétem 101 to
deactivate, or it may be a redundant check also requiring a full loss of sighals

prior to deactivation.

Acoustic Sensor
The tracking device 100 may be able to determine if the container 10 is in

the aircraft 50 by detecting characteristics of the sound and vibratioh in the

20

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 01/75472 PCT/GB01/01531

aircraft 50. An aircraft 50 with jet engines, for example, tends to produce a
substantial amount of vibration. This vibration is radiated in the form of sound
waves and is coupled to the aircrait 50 structure on which the engines are
mounted. Detection of the container 10 in the aircraft 50 may be accomplished
by detecting this sound and vibration. An example of such a sensor is Qescribed
in U.S. Patent No. 5,033,034, incorporated herein by reference in its entirety. An
acoustic sensor 118b is able to permit the tracking device 100 to monitor the
operation of the aircraft 50 by detecting distinctive sounds made by aircraft using
microphones to capture sounds made in the air and through the body of the
aircraft 50.

Figure 7 illustrates a block diagram for an acoustic sensor 118b in
particular. An air microphone 400 is placed ‘in the aircrait 50 to detect the
substantiai engine sounds when the aircraft 50 is operating, such as during the
pre-flight checks, taxi, and takeoff. The signals from the air microphone 400 are
coupled to a digital signal processor (DSP) 404 for processing. Additiorially, a
contact microphone 402 may be provided and placed in contact with the air_craft
50 structure to detect vibrations within the aircraft 50 with the signals from the
contact microphone 402 also coupled to the DSP 404. The DSP 404 is'a
processor especially suited for processing of numeric applications. In the
present invention, the DSP 404 takes the signals from bofch the air microphone
400 and the contact microphone 402 and runs a Fast Fourier Transform (FFT) on
the signals to convert the signals from the time domain fo the frequency domain.

A modified-FFT may also be used that achieves adequate results for most
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purposes. Once the signals are represented in the frequency domain, this
representation is communicated to the microprocessor 102 of control system 101
via input/output interface 106 to compare the frequency and amplitude of the
detected signal pattern with that of a pre-defined jet engine and/or aircraft 50
engine signal pattern stored in memory 104. Deactivation results when the

signal patterns match or fall within a predefined range.

Frequency Detector

The tracking device 100 may also be able to determine if the container 10
is in an aircraft 50 by detecting frequenciés emitted by the aircraft 50 during its
normal operation. An aircraft 50 with jet engines, for example, may produce
specific frequencies during operations, sucﬁ as take off, landing, taxiing, and
preflight checks. Detection of the container 10 in the aircraft may be
accomplished by detecting specific emitted frequencies that are unique to aircraft
50.

Figure 8 illustrates a frequency detector 118¢ according to one preferred
embodiment for detecting a signal in the range of 400 Hé. Aircraft power
systems use an AC 400 Hz power distribution system that is somewhat unique to
aircraft 50, as described in U.S. Patent No. 5,835,322, incorporated herein by
réference‘ inits entirety. A frequency detector that detects a sigﬁal at
approximately 460 Hz may indicate that the container 10 is on the aircraft 50 and
that the tracking device 50 should be deactivated in accordance with the

deactivation process.
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The preferred embodiment includes three receiving elements 440
orthogonal to each other in three dimensions for use as the frequency detector
118c¢.  The receiving elements 440 may be coils with tuned circuits to detect the
desired frequency, or magnetometers designed to sensitively measure AC field
strengths, both of which are well known and commonplace.

The purpose of including more than one receiving element 440 and
placing a plurality of receiving elements 440 orthogonal to each other is to create
an orientation-independent receiving structure to ensure that signals are picked
up regardless of the orientation of the container 10 and/or the frequency detector
118¢c. In a preferred embodiment, three receiving elements 440 are placed
orthogonally to each other to create detection devices in 4l three dimensions. A
summer 441 sums the squares of the signai patterns from the receiving elements
440 to eliminate any nulis. -In this manner, there is always a signal generated
from at least one receiving element 440 that is not null, thereby making the
frequency detector independent of orientation.

The summed signals from the summer 441 are received by the control
system 101 through the input/output interface 106. If the control system 101
detects a significant signal from the receiving elements 440 that are tuned to
réceive 460 Hz signals, the control system 101 is programmed to recognize that
the container 10 is in the aircraft 50 and to perform the deactivation procedure.

A spectrdm analyzer may be used as a frequency detector 118¢ to
determine the presence of a particular frequency signal in a manner such as

described in U.S. Patent No. 3,418,574, incorporated herein by reference in its
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entirety. The spectrum analyzer scans a band of signal frequencies in order to
determine the frequency spectrum of any signal emitted by the aircraft 50. There
are other methods of detecting particular frequency signals so as to provide a
frequency sensor 118c, and the preferred embodiments are not intended to limit
the present invention from using such other methods.

It is also noted that other frequency signals may be emitted when the
container 10 is on an aircraft 50 or proximate to an aircraft 50, such as at an
aircraft field. Aircraft towers or other communication devices may emit FM
signals that can be detected by the frequency detector 118c to indicate that the
container 10 is either in an aircraft 50 or proximate to an aircraft 50 such fhat the
deactivation process should be performed. Therefore, the present invention is
not limited to detection of any specific frequency signals and the signals do not

necessarily have to be emitted from the aircraft 50 itself.

Pressure Sensor

A barometric pressure sensor 118d may be used in combination with the
GPS receiver 118a for determining when the container 10 is positioned within an
aircraft 50. The barometric pressure sensor 118d determines the air pressure
beiﬁg exerted on the container 10 as it moves during the shipping process.
Various types of pressure sensors 118d to determine altitude are available, such
as that described in U.S. Patent 5,224,029, incorporated herein by reference in
its entirety, and the pAresent invention is not limited to any particular type of

pressure sensor 118d.
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The positioning information received by the GPS receiver 118a indicates
the geographic position of the container 10, but does not indicate the height of
the container 10 above sea level. A barometric pressure sensor 118d may be
used fo ascertain the height of the container 10 above sea level, but it cannot by
itself determine whether the height above sea level is still on the ground or in the
air. For instance, the city of Denver, Cﬁlorado has a ground level that is already
approximétely one mile above sea level. A reading by the barometric pressure
sensor 118d attached to a container 10 will not by itself indicate the height above
ground level. Therefore, it is advantageous to use the altitude indication from the
barometric pressure sensor 118d, in combination with the positioning information
from the GPS receiver 118a, is used to ascertain the height of the container 10
above ground level and, thereby, o determihe whetherthe container 10 is in an
aircraft 50.

Figure 9 illustrates the barometric pressure sensor 118d operation to
determine height of the container 10 above ground level. The operation begins
(step 370), aridthe control system 1 O;l .detennines the reading from the
barometric pressure sensor 118d to correlate such reading to altitude and stores
such in memory 104 (step 372). The control system 101 néxt reads the |
positioning information from the GPS receiver 118a to ascertain the geographic
location of the container 10 (step 374). The coﬁtrol syste_m 101 determines the
approximate ground level value by correlating the paﬁicular geographic region
determined by the positioning information received from the GPS receiver 118a

to data either stored in memory 104 or also received remotely by the GPS
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receiver 118a, and the control system 101 stores the approximate ground level
value in memory 104 (step 376). The control system 101 subtracts the ground
level fromthe altitude previously e_‘.tored in memory 104 to determine the height of
the container 10 above ground level (step 378.). If this value is greater than zero,
the container 10 is above ground level and may be in an aircraft 50. The process
ends (step 380) and returns back to Figure 5 in which the tracking device 100
decides ifthe container 10 is in the aircraft 50 (decision 306) by determining if the
container 10 is above ground level. The control system 101 may perform the
deactivation procedure (step 308) when the difference reaches some minimal
value since topologies can vary in any given area. In one embodiment, this

minimal value is 200 feet.

Mofion Sensor

A movement or motion sensor 118e may be used for determining when
the container 10 is either being moved, jostled, or placed at an angle. There are
many different motion and acceleration sénsors 118e that can be used to detect
movement and/or acceleration of the container 10 and/or an aircraft 50. For
instance, U.S. Patent No. 5,033,824, incorporated herein by reference in its
entirety, describes a vibration/acceleration sensor that fs fixed to a casing.to
measure the vibrations. Such a sensor could be mounted to the body of an
airéraft 50 to pei'form the same functionality. A piezoelectric deviée is used to
detect mechanical vibration and to generate an electrical charge representative

of such vibration. The electrical charge is read by the control system 101
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through the input/output interface 106 and compared with a predetermined value
in memory 104 to determine whether the container 10 is in an aircraft 50 and,
thus, whether the deactivation function should be performed as described above
in Figure 6.

Alternatively, or additionally, a mercury switch may be used as a
movement sensor 118e to indicate if the container 10 is pdsitioned at an angle.
When the container 10 is loaded into the aircraft 50, the container 10 is placed at
an angle with respect to the ground when placed on the conveyor system 40, as
illustrated in Figure 2. The mercury switch tilts and causes the mercury liquid to
either become open or closed, thereby indicating movement of the container 10.
The control system 101 receives this signal from the movement sensor 118e
through the input/output interface 106, theréby indicating that the container 10 is
at an angle and being loaded into an aircraft 50. The control system 101 can
then initiate the deactivation and reactiQation procedures an described above in

Figure 6.

Capacitance Sensor

The tracking device 100 can determine if the container 10 is in an aircraft
50 by using a capacitance sensor 118f to detect the capacitanée change of the
container 10. When the container 10 is placed into an aircraft SO. the container
10 is placed into the cargo hold. The container 10 may be constructed to
conform to the dimensions of the cargo hold to reduce or eliminate any non-

usable space. As such, the containers 10 are often placed in proximity to or
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against the inner walls of the cargo hold. The body of the aircraft 50 may be
made out of special materials with defined thicknesses and other characteristics
that affect the capacitance of the container when placed in’ close proximity
thereto. The tracking device 100 gould include a capacitance sensor 118f to
sense the capacitance of the container 10. One such sensor is described inU.S.
Patent No. 4,219,740, incdrporated herein by reference in its entirety, that
describes using a variable inductance/capacitance measuring device to monitor
the proximity of a target object.

Inthe present invention, the aircraft 50 itself is the target object. The
container 10 in the preferred embodiment is constructed out of steel and,
therefore, is conductive. The inductance of the measuring device changes in
accordance with the proximity of the contaiher 10 to the body of the aircraft 50.
This change is compared by the control system 101 to values stored in memory
i04 representative of the conductance of an aircraft 50 body (to which the -
container 10 would be proximate if loaded onto the aircraft 50), to determine
when the container 10 is loaded onto the aircrait 50 so as to initiate the

deactivation and reactivation procedures as described above in Figure 6.

Imaging Sensor

The tracking device 100 can also determine if the container 10 is inan
aircratft 50 by détecting the curvature of the cargo hold. Aircrait cargo holds have
distinctive shapes due to the curvature of the body of the aircraft 50. An imaging

sensor or light sensor 118g can emit a spectrum of light during the shipment of
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the container and read the reflection to determine if the container 10 has been
placed in an area containing a curvature like that of the cargo hold.

An example of an imaging sensor 118g comprises an imaging emitter 506 and
detector 509, as illustrated in Figure 10 and described below. The imaging
sensor 118g uses an imaging emitter 506 to scan the area of interest with a
beam 500. The scanning is achieved by moving a mirror, such as a reflector 502
that is rotated about a rotational axis 504. The light source emitted by the
imaging/emitter 506 may be a laser or laser diode. An optical lens 508 converts
the lightinto a beam 500. The beam 500 scans the aircraft surface 501 and the
reflected light passes through an imaging detector 509 that is comprised of an
optical lens 510 that produces an image of the scanned area on photo detectors
512, which generate electrical signals repreéenting the surface 501. A detecting
system 514 then determines the pattern or width of the electrical signals to
translate such signals to information.

The imaging emitter 506 continues to emit a spectrum of signals such as
infrared signals from the container 10 during shipment. The imaging detector
509 receives the reﬂection of the light emitted by the imaging emitter 506. Bends
or curves in a reflected surface bend or curve the light received from by the
imaging detector 506. The control system 101 continually monitors the reading
from the imaging detector 506 and compares itto a predefined reading stored in
memory 104. If the image received by the imaging detector 509 indicates that
the container 10 is in an aircraft 50 cargo hold, the control system 101 carries out

the deactivation and reactivation process as described above in Figure 6.

29

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 01/75472 PCT/GB01/01531

Cooperative Marker Sensors

Cdoperative marker sensors 120 detect markers placed within or
proximate to the aircraft 50. As illustrated in Figure 2, a cooperative marker 60 is
positioned immediately within or proximate to the aircraft loading port 65. A
number of cooperative markers 60 may be positioned within the aircraft 50
located at various positions. Additionally, more than one type of cooperative
marker 60 may be used in combination within a single aircraft 50. Cooperative
marker sensors 120 are preferably positioned on an outer portion of the container
to detect the cooperative markers 60, which are typically placed within the aircraft
50, but may be placed slightly away from or proximate to the aircraft 50 to be
encountered by the container 10 before the container 10 is loaded into the |
aircraft 50.

The cooperative sensors 120 may be active devices that pick ub signals
from emitters placed purposely in the aircraft 50 or its cargo hold. Alternatively,
the coopeljative' sensors 120 may be passive devices that differ from active
devices in that emitters are not placed in the aircraft 50 or its cargo hold.

Instead, for passive devices, cooperative markers are placed in the aircraft 50 or
its cargo hold that are not active devices, such as emitters, but simply represent
codes or markings that are detected by passive cooperative sensors 120 to relay
information.

Cooperative marker sensors 120 may include optical marker sensor 120a,

capacitance marker sensor 120b, ultrasonic marker sensor 120c, infrared
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beacons 120d, frequency beacons 120e, and/or magnetic marker sensor 120f.
Each of the cooperative markers 60 sensed are used for executing step 304 in

Figure 5, the logic of which has been previously discussed above.

Optical Marker Sensor

An optical marker sensor 120a may be used by the tracking device 100 to
sense the presence of a cooperative marker 60 that is positioned within the
aircraft 50. In one embodiment, the optical marker sensor 120a includes an
infrared illuminator using a bank of LED's or laser similar o that described above
in Fighre 10. A cooperative marker 60 is positioned within the aircraft 50 that
contains specific coded information indicating that the container 10 is being
loaded into the aircraft 50 or is about fo be loadéd into an aircraft 50. This
cooperative marker 60 code could be a bar code or the code illustrated in Figure

11 marketed under the trademark Marconi Snowflake™

520 by the assignee of
the present invention. The article entitled “The Marconi Data Systems Snowflake
Code” discusses the advantages and features of the Marconi Snowflake code
520 and is incorporated herein by reference inits ehtirety. The optical marker
sensor 120a may also distinguish reading the cooperative marker 60 frorﬁ left to
right or top to bottom depending on the alignment of the cooperative marker 60 to
indicate thé direction of movement of the container 10 with respect to the
cooperative marker 60.

Similar to that illustrated in Figure 10 above, the optical marker sensor

120a emifs spectrum signals such as an infrared signal or laser signal from the
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container 10 during shipment. ;rhe optical marker sensor 120a receives the
reflection of the light emitted to determine if the optical marker sensor 120a is
picking up information from the Marconi Snowflake code 520. When information
is detected by the optical marker sensor 120a from the Marconi Snowflake code
520, the opﬁcal mérker sensor 120a basses such information to the control
system 101 through the input/output interface 106. The control system 101
determines whether the information read from the Marconi Snowflake code 520
indicates that the container 10 is being loaded or has been loaded into an aircraft
50, in which case the control :system 101 carries out the deactivation and

reactivation process.

Capacitance Marker Sensor

| Figure 12 illustrates metal plates or markers 530 that are placed on the
aircraft 50 body proximate to the container-'I 0 when it is loaded into the aircraft
50 cargo hold. In this manner, a capacitance marker sensor 120b can detect the
change in capacitance to indicate that the container 10 is loaded into the aircraft
50. The sensing process for this method is the same as that described above for
capacitance sensor 118f. In this particular method, plates 530 placed into the
aircraft 50 may allow better determination of the change in capacitance

proximate to the container 10 by the control system 101.
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Ultrasonic Marker Sensor

The ultrasonic marker sensor arrangement 120c senses the presence of a
cooperative marker 60 that resonates at particular frequencies. In the preferred
embodiment, as shown in Figure 13, the ultrasonic marker sensor 120c is an
ultrasonic transponder 602 that receives ultrasonic signals at certain defined
frequencies. The fracking device 100 also includes an ulirasonic emitter. The
tracking device 100 emits frequencies using ulirasonic emitter 600 and picks up
response frequencies received by the ultrasc;nic transponder 602. If specific
frequencies indibative of an airdraft are received by the ultrasonic transponder
602 in response tfo frequencies emitted by the ultrasonic emitter 600, then the
container 10 is in the aircraft 50.

In a preferred embodiment, pipes 604 with specific resonant frequencies
are placed in the aircraﬁ 50. ‘The control system 101 causes the ultrasonic
emitter 600 to transmit frequencies acrosé a band in which resonant frequencies

are expected to occur. The control system 101 receives response frequencies

from the ultrasonic transponder 602 in résponée to signals emitted by the

ultrasonic emitter 600 and compares them in memory 102 to expected signals to
be receivéd when the container 10 is in-an aircraft 50 with pipes 604. If the
control system 101 receives signals from the ultrasonic transponder 602 that are
expected when the container 10 is in the aircraft 50, this indicates that the
container 10 is in an aircraft 50, in which case the control system 101 carries out
the deactivation and reactivation process. Although the reactivation procedure

for this method requires transmission of signals to determine if the container 10
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has been removed from the aircraft 50, such signals should not pose a problem
with the aircraft 50 systems since such transmissions are low power and are
designed for close range detections.

Alternatively, the conirol sysiem 101 may cause the ultrasonic emitter 600
to transmit bursts of acoustic noise covering the desired band of frequencies.

When the transmitted signals are stopped, the pipes 604 will continue to

_resonate at their resonant frequency and the control system 101 will be able to

continue to receive their response signals through the ultrasonic transponder
602.

Additional ultrasonic marker sensors 118c and sensing systems such as
that described in U.S. Patent No. 4,779,240, incorporated herein by reference in
its entirety, can be used to sense the frequéncy response of emitted signalé to
markers placed purposely in an aircraft 50 holding the container 10, and the
present invention is not limited to any paréicular type of ultrasonic marker sensor

118c or sensing system.

Infrared Beacon Sehsor

The infrared sensor 120d is an active sensor that senses the presence of
a cooperative marker 60 that emits a specific beacon of light like that described
in U.S. Patent No. 5,165,064. incorporated herein by refe_rence inits ehtirety.
The tracking device 100 includes an infrared sensor 120d that detects infrared

signals emitted by an infrared beacon marker placed in the aircraft 50.
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The infrared beacon marker placed in the aircraft 50 emits a light in the
cargo hold area. The infrared sensor 120d defects lights emitted in its path and
transmits signals to the control system 101 Athrough the input/output interface
106. If the control system 101 receives signals from the infrared sensor 120d
associated with the detection of light from an infrared beacon placed iﬁto an
aircraft 50, this indicates that the container 10 is in an aircraft 50, in which case
the control system 101 carries out the deactivation and reactivation operation as

previously described in Figure 6 above.

Frequency Beacon Sensor

The tracking device 100 may determine if the container 10 is in an aircraft
50 by using a frequency beacon sensor 120e that detects frequencies emitied by
a frequency beacon placed in the aircraft 50. The tracking device includes a
frequency beacon sensor 120e that detects sigﬁal frequencies emitted in the
proximity of the frequency beacon sensor 120e associated with the container 10.

The frequency beacon sensor 120e in the preferred embodiment is the
same as that described for the frequency detector 118c. The frequency beacon
emits a signal frequency of 400 Hz, the same frequency emitted by aircraft 50 AC
power distribution systems. In this manner, a redundancy is built into the system
automatically. The frequency detector 120e will detect 400 Hz signals whether
they are from the frequenby beacon or from the aifcraft 50 AC power distribution
system, as described previously, thereby adding an extra measure of reiiability

and accuracy. However, it should be noted that a frequency beacon may be
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used that does not emit ffequencies that are the same as those emitted naturally
by an aircraft 50 and/or its systems as the sole method of determining whether or
not a container 10 is in an aircraft 50.

A frequency detector that detects 400Hz signals could indicate that the
container 10 is on the aircraft 50 and provide for the tracking device 100 to be
deactivated. Three receiving elements 440, as previously illustrated in Figure 8,
that are orthogonal to each other in three dimensions are used as the frequency
beacon sensor 120e for detecting the desired frequency signals. The receiving
elements 440 may be tuned circuits to detect the desired frequency, or
magnetometers designed to sensitively measure AC field strengths, both of
which are well known and commonplace.

If the control systerp 101.reads a sighal from the frequency beacon sensor
120e that is known fo be the frequency of the frequency beacon, the
microprocessor 102 will know that the 6ontainer 10 is in the aircraft 50 and will
initiate the deactivationlreactivation procedure as previously described in Figure

6 above.

Magnetic Marker Sensor

As illustrated in Figures 14a and 14b, a magnetic marker sensor 120f may
be used by the tracking device 100 to sense the presence of a cooperative
marker 60 that is positioned within the aircraft 50. Informaﬁon is placed in the
cooperative marker 60 in the 4form of magnetic patterns 642 placed in the aircraft

5, as illustrated in Figure 14a. The magnetic patterns 642 may contain

36

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 01/75472 PCT/GB01/01531

information in a pattern like tﬁét of the Marconi Snowflake code 520 previously
discussed above and shown in Figure 11. The magnetic marker sensor 120f
may also distinguish reading the magnetic marker 60 from left to right or top to
bottom, depending on the alignment of the mégnetic marker 60 to indicate the
direction of movement of the container 10 with respect to the magnetic marker
60.

The magnetic marker sensor 120f receives magnetic signals from an array
of magnetically charged patterns 642 made out of conductive material, as
illustrated in Figure 14a. Tr;e magnetic sensor 120f is in the form of an array of
coils 643 that receive magnetic signals of the pattern 642. The magnetic marker
sensor 120f passes the magnetic‘ information to the microprocessor 102 of the
control system 101 through the iﬁputloutput interface 106. Based on thé
information nread from the magnetic marker 642, the control system 101
determines the container 10 is being loaded or has been loaded into an aircrafi.
50, in which case the control system 101 carries out the deactivation and
reactivation process.

When more than one sensor 118, 120 is included within the tracking
device 100, the control system 101 may determine deactivation upon receiving
signals from one or both sensors 118, 120. In a configuration in which the
control system 1 1Qdeactivates upon receiving only one signal, the sensors 118,
120 work as redundant systems to reduce the likelihood that the container could

be placed on the aircraft 50 without deactivation. A redundant system allows for

one of the sensors to be miscalibrated or damaged without impacting the
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deactivation process. Conversely, when the control system 101 requires both
signals, the device is not deactivated by a sensor transmitting false loading
readings. |

Within both the environmental sensor 118 and cooperative marker sensor
120 embodiments, the control system 101 is sent signals that are interpreted as
requiring deactivation. Immediately upon receiving a signal, the control system
101 may deactivate the tracking system as previously described in Figure 6.

The sensors 118, 120 may also be used for determining when ihe
container 10 enters an intrinsically safe area. If the container 10 is prohibited
from entering areas that require intrinsic safety, this could restrict routes available
for the container’s 10 travel and may further restﬁct the utility of the container 10
for shipping applications. |

~ Section 500-2 of the National Electrical Code Handbook (NEC),
incorporated herein by reference in its entirety, indicates that “intrinsically safe”
equipment is electrical equipment that “opérates at a low voltage and are
designed safe, regardless of short circuits, ground, over-voltage, equiprment
damage, or component failure.” A wide range of industries such as, for example,
electric utilities, power plants, oil refineries, off shore oil rigs, gas ethylene
companies, chemical plants, coal mining operations, coal prep plants and
transfer statiéns, gas pipelines, pIaStic manufactgrers, granaries, efc. present
very hazardous environments in which electrical equipment must be used.
Because of these dangerous environments, various standards have been

imposed by the NEC and by Underwriters Laboratories (UL) for the design of.
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electrical equipment for hazardous areas.

The hazardous material sensor 118h is an environmental sensor 118
that senses when the container is in the presence of hazardous materials,
including gas, liquids, or solids, and deactivates the tracking system 100. One
type of hazardous material sensor 118h is diéclosed in U.S. Patent No.
5,782,275 for sensing hydrocarbons that are present in fuels.

Additionally, the container may use cooperative marker sensors 120,
described above, to detect when itis in or proximate to an intrinsically safe
area. Cooperative markers 120 such as the optical marker 120a, ultrasonic
marker 120c, infrared beacon 120d, frequency beacon 120e, and magnetic

marker 120f all may be used individually or in combination to provide such

functionality.
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CLAIMS:
1. A tracking device for tracking the location of a container to which
the device is operatively connected, said device including a sensor for sensing

whether said tracking device is in proximity to a transportation vessel to

5 deactivate said tracking device.

2. The device of claim 1, wherein said tracking device further
includes a positioning system to receive positioning information concerning the
container and a remote communication device to transmit said positioning

10 information remotely.

3. The device of claim 2, wherein said positioning system receives

said positioning information from at least one satellite.

15 4, The device of claim 2, wherein said positioning system receives

said positioning information from a tower.

5. The device of claim 4, wherein said tower is an airport tower.
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6. The device of claim 2, wherein said remote communicate device

communicates said positioning information remotely to a remote site.

7. The device of claim 2, wherein said remote communication device

5 communicates said positioning information remotely through a modem.

8. The device of claim 7, wherein said modem is a radio-frequency

modem.

10 9. The device of claim 7, wherein said modem is a cellular phone

modem.

L3

10, The device of claim 6, wherein said remote communication device
communicates said position information remotely to a remote site through

15 satellite communications.
1. The device of claim 2, wherein said positioning system is a GPS.
12.  The device of claim 2, wherein said tracking device further includés

20 a control system, said control system adapted to receive said positioning

information and transmit said positioning information remotely.
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13.  The device of claim 12, wherein said sensor is an environmental

sensor.

14.  The device of claim 13, wherein said environmental sensor is said
5 positioning system,‘and said control system is adapted to deactivate said

tracking device if said control system cannot receive said positioning information.

15.  The device of claim 14, wherein said positioning system receives

said positioning information”from a plurality of satellites.

10
16.  The device of claim 15, wherein said control system deactivates
said remote communication device if said control system cannot receive said
positioning information from all of said plurality of satellites.
15 17.  The device of claim 15, wherein said control system de’activates

said remote communication device if said control system does not receive said

positioning information from at least two said plurality of satellites.

18.  The device of claim 15, wherein said control system reactivates
20 said remofe communication device when said control device receives said

_positioning information from a least two said plurality of satellites.
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19. The device of claim 15, wherein said control system reactivates
said remote communication device when said control system receives said

positioning information from one of said plurality of satellites.

5 20. The device of claim 15, wherein said control system reactivates
said remote communication device when said control system receives said

positioning information from all of said plurality of satellites.

21. The device of claim 13, wherein said environmental sensor is a

10  pressure sensor that picks up pressure signals associated with the container.

22.  The device of claim 21, wherein said control system deactivates

‘'said tracking device if said pressure signals exceed a threshold value.

15 23. The device of claim 21, wherein said control system deactivates
said remote communication device if said pressure signals exceed a threshold

value.

24. The device of claim 22, wherein said control system determines

20  said threshold value by determining the particular type of transportation vessel.

25. The device of claim 22, wherein control system deactivates said

remote communication device if said pressure signals exceed a threshold value.
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26. The device of claim 13, wherein said environmental sensor is an
altimeter whereby said control system determines the three-dimensional location
of the container by using both said altitude information and said pbsitioning

5 information to determine if said tracking device shodld be deactivated.

27. The device of claim 26, wherein said control éystem determines the
alfitude of the container above ground level by correlating said three-dimensional
location fo a ground level value.

10
28. The device of claim 27, wherein said control system includes a

memory having a look-up table for determinihg the ground level value.

29. The device of claim 28, wherein said control system communicates
15 said three dimensional location remotely to a remote site and said remote site

communicates said ground level value back to said control system.

30. The device of claim 27, wherein said control system deactivates
said tracking device said three-dimensional location of the container is above

20 ground level.

31. The device of claim 30, wherein said control system deactivates

said remotfe communication device.
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32. The device of claim 13, wherein said environmental sensor is an

acoustic sensor that picks up acoustic signals surrounding the container.

5 33. The device of claim 32, wherein said acoustic signal represents

engine noise of the transpdrtation vessel.

34. The device of claim 32, wherein said acoustic signal represents an
acoustic signatﬁre of the transportation vessel.
10
35. The device of claim 32, wherein said acoustic signal represents

movement of the transportation vessel.

36. The device of claim 32, wherein said acoustic sensoris a

15 microphone that picks up the acoustic signals.

37.  The device of claim 36, wherein said acoustic sensor includes a
digital signal processor that receives the acoustic signals and communicates the
acoustic signals to said control system to determine if the acoustic signals are

20 from a transportation vessel.
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38. The device of claim 32, wherein said acoustic sensor includes a
first microphone that picks up acoustic signals from the air and a second

microphone that picks up vibrations from the structure of the aircratt.

5 39. The device of claim 32, wherein said control system determines the

type of transportation vessel based on the acoustic signal.

40.  The device of claim 27, wherein said control system deactivates
said tracking device if said control system determines that the acoustic signals

10 represent signals associated with the transportation vessel.

41.  The device of claim 40, wherein said control system deactivates

said remote communication device.

15 42. The device of claim 13, wherein said environmental sensor is a
frequency detector whereby said control system determines frequency signals

surrounding the container.

43. The device of claim 41, wherein said frequency detector is
20 comprised of coils and a tuned circuit to determine the presence of specific said

frequency signals.
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44.  The device of claim 41, wherein said frequency detector is a

magnetometer.

45.  The device of claim 40, wherein said frequency detector picks up

5 said frequency signals independent of orientation.

46. The device of claim 40, wherein said control system uses said

frequency signals to determine if the transportation vessel is powered.

10 47.  The device of claim 40, wherein said control system deactivates
said tracking system if the frequency signals indicate that the transportation

vessel is powered.

48.  The device of claim 47, wherein said control system deactivates

15 said remote communication device.

49.  The device of claim 13, wherein said environmental sensor is a

motion sensor that detects movement made by the transportation vessel.

20 50. The device of claim 49, wherein said motion sensor is a

piezoeleciric device.
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51.  The device of claim 49, wherein said motion sensor is a mercury

switch.

52.  The device of claim 49, wherein said control system deactivates

5  said tracking system if signals from the motion sensor indicate that the container

is in the transportation vessel.

53.  The device of claim 52, wherein said control system deactivates
said remote communication aevice.
10
b4. The device of claim 13, wherein said environmental sensor is a

capacitance sensor that senses capacitance associated with the container.

55.  The device of claim 54, wherein said contro! system deactivates
15 said tracking device if said control system determines that the capacitance is

associated with the transportation vessel.

56. The device of claim 55, wherein said control system deactivates
said remote communication device.
20
57.  The device of claim 13, wherein said environmental serisor isa

shape sensor that senses the curvatures of the container surroundings.
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58. The device of claim 57, wherein said control system deactivates
said tracking device if said control system .determines the signals from said

shape sensor are indicative of the shape of the transportation vessel.

59. The device of claim 58, wherein said control system deactivates

said remote communication device.

60. The device of claim 13, wherein said environmental sensor is an
imaging sensor further comprised of an imaging emitter and an imaging detector,
wherein said imaging emitter emits a beam and said imaging detector detects the

reflection of said beam.

61. The device of claim 60, wherein said control system deactivates

said remote communication device.

62. The device of claim 13, wherein said environmental sensor is
comprised of at least fwo sensors in the group consisting of: positioning system,
acoustic sensor, frequency detector, pressure sensor, altimeter, motion sensor,

capacitance sensor, and optical sensor.

63. The deVice of claim 12, wherein said sensor is a cooperative
markér sensor that detects marker information in proximity to the transportation

vessel,
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64. The device of claim 63, wherein said cooperative marker sensor is

an optical marker sensor and wherein said marker information is a code.

5 65. The device of claim 64, wherein said control system deactivates

said remote communication device.
66. The device of claim 64, wherein said code is a bar code.
10 67. The device of claim 66, wherein said code is a Snowflake code.

68. The device of claim 63, wherein said cooperative marker sensor is
a capacitance marker sensor and said marker information is comprised of at
least one metal plate. |
15
69. The device of claim 68, wherein said control system deactivates

said remote communication device.

70.  The device of claim 63, wherein said cooperative marker sensor is
20 an ultrasonic marker sensor and said marker information is an emitted ultrasonic

signal.
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71.  The device of claim 70, wherein said control system deactivates

said remote communication device.

72.  The device of claim 70, wherein said ultrasonic marker sensor is an

5 ultrasonic transponder.

73.  The device of claim 63, wherein said cooperative marker sensor is

an inirared beacon and said marker information is an infrared signal.

10 74.  The device of claim 73, wherein said control system deactivates

said remote communication device.

75..  The device of claim 63, wherein said cooperative marker sensor is
a frequency beacon éensor and said marker information is a frequency signal.
15
76.  The device of claim 75, wherein said control system deactivates

said remote communication device.

77.  The device of claim 74, wherein said frequency beacon sensor is
20 comprised of coils and a tuned circuit to determine the presence of specific

frequency signals. |
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78. The device of claim 74, wherein said frequency beacon sensoris a

magnetometer.

79. The device of claim 74, wherein said frequency beacon sensor

5 detects frequency signals independent of orientation.

80. The'device of claim 74, wherein the frequency signals are
substantially the same frequency emitted by the power system of the

transportation vessel.

10
81. The device of claim 80, wherein the frequency signals emitted by
the power system are from an AC power source.
82. The device of claim 81, wherein the frequency signals are AC 400
15 Hz
83. The device of claim 63, wherein said cooperative marker sensor is
a magnetic sensor and said marker information is a magnetic pattem.
20 84.- The device of claim 83, wherein said control system deactivates

said remote communication device.
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85. The device of claim 63, wherein said marker information includes

information associated with the transportation vessel.

86. The device of claim 85, wherein said information is the particular

5 type of transportation vessel.

87.  The device of claim 85, wherein said information is an itinerary

information of the fransportation vessel.

10 88. The device of claim 87, wherein said itinerary information is used

by said control system to reactivate said tracking device.

89. The device of claim 88, wherein said control system reactivates
said remote communication device.-

15

90.  The device of claim 12, wherein said control system deactivates

said tracking device for a specified period of time.

91.  The device of claim 12, wherein said control system deactivates

20 said remoie communication device.

92. The device of claim 90, wherein said control system deactivates

said tracking device for a specified perio‘d of time based on said itinerary.
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93. The device of claim 90, wherein said control system is associated
with a timer circuit whereby said control system programs said fimer circuit to

wake up said control system after a specific period of time.

94.  The device of claim 1, wherein said tracking device disables said

remote communication device only.

95. The device of claim 94, wherein said tracking device disables

10 power to said remote communication device.

96. The device of claim 2, wherein said tracking device further includes

a portable access port to allow access to said tracking device by a portable

computer.
15
97. The device of claim 96, wherein said tracking device is adapted to
activate said remote communication device when directed to do so by the
portable computer.
20 98.  The device of claim 97, wherein said tracking device communicates

said positioning information through said portable accesé port.
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99.  The device of claim 97, wherein said tracking device

communicates to a remote site through said portable access port.

100. The device of claim 1, wherein said tracking device is adapted to
5 use said sensor information to determine when the container is in proximity to

hazardous materials to deactivate said tracking device.

101. The device of claim 100, wherein the hazardous materials are

detected by an environmental sensor.

10
102. The device of claim 101, wherein said environmental sensor is
K selected from the group- consisting of a hazardous liquid sensor, a hazardous
gas sensor, and a hazardous solid sensor.
15 108. The device of claim 100, wherein the hazardous materials are

detected by a cooperative marker sensor.

104. A tracking method for tracking the location of a container to which
a tracking device is operatively connected, said method including sensing
20 whether said tracking device is in proximity to a transportation vessel to

deactivate said tracking device.

55
SUBSTITUTE SHEET (RULE 26)



WO 01/75472 PCT/GB01/01531

105. The method of claim 104, further comprising the step of reactivating
said tracking device when the container is removed from the transportation

vessel.

5 106. The method of claim 104, wherein said tracking device receives

positioning information coricerning the location of the container.

107. The method of claim 106, further comprising the step of receiving
said positioning information from at least one satellite.
10
108. The method of claim 106, further comprising the step of

communicating said positioning information locally.

109. The method of claim 106, further comprising the step of

15 communicating said positioning information remotely.

110. The method of claim 104, wherein said step of determining when
the container is in proximity to the transportaﬁon vessel is pefformed by sensing
the environment associated with the container.

20

111. The method of claim 110, wherein said sensing the environment is

performed by determining if the tracking device is receiving positioning

information about the location of the container.
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112.  The device of claim 111, wherein the positioning information is from

a plurality of satellites.

5 113.  Thedevice of claim 112, wherein said step of deactivating said
tracking device is performed if said tracking device cannot receive the positioning

information from all of said plurality of satellites. |

114, The device of claim 112, wherein said step of deactivating said
10 tracking device is performed if said tracking device cannot receive the receiving

information from at least two of said plurality of satellites.

115. The device of claim 112, wherein.said tracking device reactivates
said tracking device when said tracking device receives the positioning

15 information from a least two said plurality of satellites.

116. The dévice of claim 112, whérein' said tracking device reactivates
said tracking device when said tracking device receives the positioning
information from one of said plurality of satellites.

20

117.  The device of claim 112, wherein said trackfng device reactivates

said tracking device when said control system receives said positioning

information from all of said plurality of satellites.
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118. The method of claim 110, wherein said sensing the environment is

performed by sensing the acoustics associated with the container.

5 119.  The method of claim 118, further comprising the step of
determining the particular type of transportation vessel based on said sensing of

acoustics.

120. The method of claim 110, wherein said sensing the environment is

10 performed by measuring signal frequencies surrounding the container.

121. The method of claim 120, wherein said measuring signal

frequencies is performed in an orientation independent manner.

15 122. The method of claim 120, further comprising fhe step of

determining if the transportation vessel is powered.

123. The method of claim 110, wherein said sensing the environment is
performed by measuring the pressure associated with the container.

20
124. The method of claim 110, wherein said sensing the environment is

performed by determining the altitude the container and using said altitude in
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conjunction with the location of the container to determine the three dimensional

location of the container.

125. The method of claim 124, wherein determining the three

5 dimensional location of the container is performed using a look-up table.

126. The method of claim 124, further comprising the step of

communicating said three-dimensional location remotely to a remote site.

10 127. The method of claim 110, wherein said sensing the environment is

performed by measuring the movement of the container.

128. The method of claim 110, wherein said sensing the environment is
performed by measuring the vibration of the container.

15
129. The method of claim 110, wherein said sensing the environment is

performed by measuring the vibration of the transportation vessel.

130. The method of claim 110, wherein said sensing the environment is

20 performed by measuring the capacitance associated with the container.

131.  The device of claim 110, wherein said sensing the environment is

performed by sensing the shape of the curvatures of the container surroundings.
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132. The method of claim 110, wherein said step of determining when
the container is in proximity to the transportation vessel is performed by sensing

a coopérative marker in proximity to the transportation vessel.

133. The method of claim 132, wherein said cooperative marker is a

code proximate to the transportation vessel.

134.  The method of claim 133, wherein said sensing a cooperative

10  marker is perforrmed optically.

135. The method of claim 132, wherein said sensing a cooperative

marker is performed optically.

15 136. The method of claim 132, wherein said cooperative marker is a

magnetic pattern.

137. The method of claim 132, further comprising the step of
determining the particular type of container from said sensing a cooperative

20  marker.

138. The method of claim 132, further comprising the step of

determining the itinerary of the container from said sensing a cooperative marker.
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139. The method of claim 138, further comprising the step of reactivating

said tracking device based on the itinerary of the container.

5 140.  The method of claim 132, wherein said wherein said cooperative

marker is a frequency beacon marker.

141.  The method of claim 140, wherein said frequency beacon emits a
frequency signals that is approximately the same signal emitted by the power

10 system of the transporiation vessel.

142. The methods of claim 140, wherein said sensing is performed

independent of the orientation of the container.

15 143.  The method of claim 132, wherein said cooperative marker is an

infrared beacon marker.

144. The method of claim 132, wherein said cooperative marker is an

ultrasonic signal.
20
145. The method of claim 104, wherein said step of deactivating said

tracking device is performed for specified period of time.
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146.  The method of claim 104, wherein said step of deactivating said
tracking device is maintained during the scheduled joumey of the containeron

the transportation vessel based on the itinerary of the container.

5 147.  The method of claim 104, further comprising accessing said

tracking device through a portable access port.

148.  The method of claim 147, further comprising communicating the
location of the container thr(;ugh said portable access port.
10
149. The method of claim 147, further comprising transmitting the

location of the container remotely.

150. A tracking device associated with a cargo container that is placed
15 into a vessel fof transmitting the location of the cargo container, said tracking
device compriéing:
(@) a GPS system for receiving positioning information of the cargo
container;
(b) a cellular phone modem adapted fo receive said positioning
20  information and transmit said positioning information to a remote site:
(c) a sensor operatively associated with the cargo container to sense

information concerning the surroundings of the cargo container: and

62

SUBSTITUTE SHEET (RULE 26)



WO 01/75472 PCT/GB01/01531

(d  acontrol system adapted to receive said information from said
sensor to deactivate the cellular phone modem when the cargo container is in

proximity to the aircraft.

5 151. A tracking device associated with a cargo container that is placed
into an aircraft, comprising:
(@)  means for receiving positioning information of the cargo container;
(b) means for receiving said positioning information and means for
transmitting said positioning information remotely;
10 (c) means for sensing information concerning the surmoundings of the
cargo container; and |
(d)  means for receiving said sensing information to determine when

cargo confainer is in proximity to the aircraft and to deactivate said transmitting

means.

15
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