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Arrangement and method for monitoring inanimate objects in 
an interior thereof includes a sensor system arranged to obtain 
data about the object by applying micropoWer impulse radar 
(MIR) transmissions into the interior of the asset, i.e., con 
tainer volume monitoring using MIR, a location determining 
system arranged on the asset to monitor the location of the 
asset, and a communication system arranged on the asset and 
coupled to the sensor system and the location determining 
system. The communication system transmits the data about 
each object obtained by the sensor system and the location of 
the asset provided by the location determining system to one 
or more remote facilities, these remote facilities being those 
interested in the information about the objects in the asset 
being monitored. 
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ASSET MONITORING USING MICROPOWER 
IMPULSE RADAR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is: 
[0002] 1. a continuation-in-part (CIP) of US. patent appli 
cation Ser. No. 10/940,881 ?led Sep. 13, 2004 Which is: 

[0003] A. a CIP of US. patent application Ser. No. 
10/457,238 ?led Jun. 9, 2003, now US. Pat. No. 6,919, 
803 Which claims priority under 35 USC §119(e) of 
US. provisional patent application Ser. No. 60/387,792 
?led Jun. 11, 2002; 

[0004] B. a CIP of US. patent application Ser. No. 
10/931,288 ?led Aug. 31, 2004, now US. Pat. No. 
7,164,117; 

[0005] 2. a CIP ofU.S. patent application Ser. No. 11/278, 
979 ?led Apr. 7, 2006 Which is a CIP of US. patent applica 
tion Ser. No. 10/931,288 ?led Aug. 31, 2004, now US. Pat. 
No. 7,164,117; 
[0006] 3. a CIP ofU.S. patent application Ser. No. 11/380, 
574 ?led Apr. 27, 2006 Which is a CIP of US. patent appli 
cation Ser. No. 10/931,288 ?ledAug. 31, 2004, now US. Pat. 
No. 7,164,117; 
[0007] 4. a CIP ofU.S. patent application Ser. No. 11/420, 
497 ?led May 26, 2006 Which is a CIP of US. patent appli 
cation Ser. No. 10/931,288 ?ledAug. 31, 2004, now US. Pat. 
No. 7,164,117; 
[0008] 5. a CIP ofU.S. patent application Ser. No. 11/619, 
838 ?led Jan. 4, 2007 Which is a CIP of US. patent applica 
tion Ser. No. 10/931,288 ?led Aug. 31, 2004, now US. Pat. 
No. 7,164,117; 
[0009] 6. a CIP ofU.S. patent application Ser. No. 11/755, 
199 ?led May 30, 2007; 
[0010] 7. a CIP ofU.S. patent application Ser. No. 11/843, 
932 ?led Aug. 23, 2007; and 
[0011] 8. a CIP ofU.S. patent application Ser. No. 11/865, 
363 ?led Oct. 1, 2007. 
[0012] All of the foregoing patent applications and all ref 
erences, patents and patent applications that are referred to 
beloW are incorporated by reference herein in their entirety as 
if they had each been set forth herein in full. 

FIELD OF THE INVENTION 

[0013] The present invention relates generally to methods 
and arrangements for monitoring assets using micropoWer 
impulse radar and more particular to methods and arrange 
ments for monitoring cargo in cargo compartments of mov 
able vehicles. 

BACKGROUND OF THE INVENTION 

[0014] Background of the invention is found in the parent 
applications, for example, US. Pat. No. 6,919,803. 
[0015] De?nitions in the Background of the Invention sec 
tion of any of the above-mentioned applications are also 
generally, but not restrictively, applicable herein. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[001 6] It is an obj ect of the present invention to provide neW 
and improved arrangements and method for monitoring 
assets and in particular, the presence and state or condition of 
objects therein. 
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[0017] In order to achieve this object and possibly others, 
an asset including an arrangement for monitoring inanimate 
objects in an interior thereof in accordance With the invention 
includes a sensor system arranged to obtain data about the 
object by applying micropoWer impulse radar (MIR) trans 
missions into the interior of the asset, i.e., container volume 
monitoring using MIR, an optional location determining sys 
tem arranged on the asset to monitor the location of the asset, 
and a communication system arranged on the asset and 
coupled to the sensor system and the location determining 
system. The communication system transmits the data about 
each object obtained by the sensor system and the location of 
the asset When provided by the location determining system 
to one or more remote facilities, these remote sites being 
those interested in the information about the objects in the 
asset being monitored. 
[0018] In one embodiment, the sensor system is coupled to 
a door status sensor and arranged to obtain data about the 
object only When the door status sensor detects When the door 
is closed after having been opened. Similarly, the sensor 
system may be coupled to a light-detecting sensor and 
arranged to obtain data about the object only When a change 
in light is detected by the light-detecting sensor. 
[0019] The sensor system may also include an initiation 
device for periodically initiating the sensor system to obtain 
data about the object. A Wakeup sensor system may be pro 
vided to detect occurrence of an intemal or extemal event, or 
the absence of an event for a time period, requiring a change 
in the frequency of monitoring of the object. The initiation 
device is coupled to the Wakeup sensor system and changes 
the rate at Which it initiates the sensor system to obtain data 
about the object in response to the detected occurrence of an 
internal or external event by the Wakeup sensor system. The 
Wakeup sensor system can also detect occurrence of an inter 
nal or external event relating to the condition or location of the 
asset. In this case, the communication system is coupled to the 
Wakeup sensor system and transmits a signal relating to the 
detected occurrence of an internal or external event. 

[0020] A memory unit may be provided on the asset and/or 
in the sensor system on each object for storing data relating to 
the location of the asset and/or objects in the interior of the 
asset. The memory unit may also be arranged to store data 
relating to the opening and closing of the door in conjunction 
With the location of the asset and contents in the interior of the 
asset. 

[0021] A battery may be coupled to the sensor system, the 
location determining system and the communication system 
for providing poWer thereto. Also, an electricity-generating 
system may be arranged on the frame and coupled to these 
systems to provide electricity for operation thereof. Various 
electricity-generating systems are envisioned. 
[0022] An event monitoring sensor may be coupled to the 
sensor system for monitoring an event related to the asset. The 
sensor system may thus be arranged to obtain data about the 
object only When the event monitoring sensor detects occur 
rence of the event. 

[0023] The asset may include a frame de?ning an object 
containing interior in Which the objects are situated. The 
frame may be a frame of a truck, a frame of truck trailer, a 
frame of shipping container, a frame of a boat, a frame of an 
airplane or a frame of another vehicle. 

[0024] A method for monitoring an interior of the asset in 
accordance With the invention includes arranging at least one 
micropoWer impulse radar (MIR) transmitter on the asset, 



US 2011/0095940 A1 

transmitting MIR pulses from the MIR transmitter into the 
interior of the asset, arranging at least one MIR receiver to 
receive MIR pulses from the interior of the asset Which have 
been re?ected by at least one object in the interior of the asset, 
processing the received MIR pulses into data about the at least 
one object, monitoring the location of the asset using a loca 
tion determining system arranged at least partly on the asset 
and transmit the data about the at least one object and the 
location of the asset to a remote facility using, for example, a 
communication system arranged partly or entirely on the 
asset. 

[0025] To optimiZe the transmissions and avoid unneces 
sary data determinations using the MIR system (Which Would 
aid in conserving available poWer), the MIR transmitter is 
initiated to transmit MIR pulses into the interior of the asset in 
order to enable data about the object to be obtained only When 
closure of the door from an open state is detected. Similarly, 
the MIR transmitter may be initiated to transmit MIR pulses 
into the interior of the asset in order to enable data about the 
object to be obtained only When a change in light is detected. 
[0026] The occurrence of an internal or external event relat 
ing to the condition or location of the asset can be detected, 
e.g., via sensors on the asset, and then a signal relating to the 
detected occurrence of an internal or external event transmit 
ted to a remote monitoring facility via the communication 
system. Data relating to the location of the as set and objects in 
the interior of the asset may be stored on the asset and peri 
odically transmitted. The processing of the received MIR 
pulses into data about the object may entail utiliZing a trained 
pattern recognition technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The folloWing draWings are illustrative of embodi 
ments of the system developed or adapted using the teachings 
of at least one of the inventions disclosed herein and are not 
meant to limit the scope of the invention as encompassed by 
the claims. 
[0028] FIG. 1 illustrates a ?rst embodiment of a cargo space 
equipped With a system in accordance With the invention for 
obtaining information from a tagged object in the cargo 
space. 
[0029] FIG. 2 illustrates a second embodiment of a cargo 
space equipped With a system in accordance With the inven 
tion for obtaining information from a tagged object in the 
cargo space. 
[0030] FIG. 3 illustrates an embodiment of a cargo space 
With RF WindoWs. 
[0031] FIG. 4 illustrates an embodiment of a cargo space 
With an antenna multiplexer arrangement. 
[0032] FIG. 5 illustrates an embodiment of a cargo space 
With multiple antennas Which enable the position of a tag to be 
determined based on reception of signals by the antennas. 
[0033] FIGS. 6 and 7 are block diagrams of an interrogator 
With a single antenna Which may be used in the invention. 
[0034] FIG. 8 is a block diagram of an interrogator With 
multiple antennas Which may be used in the invention. 
[0035] FIG. 9 illustrates systems for deriving or harvesting 
electrical poWer for use in the invention. 
[003 6] FIG. 10 illustrates a method of using triangulation to 
determine the location of a tag Within a cargo space in accor 
dance With the invention. 
[0037] FIG. 11 is a cutaWay vieW of a vehicle shoWing 
possible mounting locations for vehicle interior temperature, 
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humidity, carbon dioxide, carbon monoxide, alcohol or other 
chemical or physical property measuring sensors. 
[0038] FIG. 12 is a schematic of a vehicle With several 
accelerometers and/or gyroscopes at preferred locations in 
the vehicle. 
[0039] FIG. 13 illustrates a driver With a timed RFID stand 
ing With groceries by a closed trunk. 
[0040] FIG. 14 illustrates the driver With the timed RFID 5 
seconds after the trunk has been opened. 
[0041] FIG. 15 illustrates a trunk opening arrangement for 
a vehicle in accordance With the invention. 

[0042] FIG. 16A is a vieW of a SAW sWitch sensor for 
mounting on or Within a surface such as a vehicle armrest. 

[0043] FIG. 16B is a perspective vieW ofthe device ofFIG. 
16A With the force-transmitting member rendered transpar 
ent. 

[0044] FIG. 16C is a perspective vieW of an alternate SAW 
device for use in FIGS. 16A and 16B shoWing the use of one 
of tWo possible sWitches, one that activates the SAW and the 
other that suppresses the SAW. 
[0045] FIG. 16D is a schematic of a RFID controlled by a 
sWitch. 
[0046] FIG. 16E is a schematic of a SAW device controlled 
by a sWitch. 
[0047] FIG. 16F is a schematic of a backscatter antenna 
Which is controlled by a sWitch. 
[0048] FIG. 16G is a schematic of circuit for a monitoring 
system in accordance With the invention Which has tWo 
sWitches. 
[0049] FIG. 16H illustrates one embodiment of a sWitch 
Whereby activation of the sWitch provides the energy neces 
sary to poWer an RFID. 

[0050] FIG. 17 is a top vieW of a system for obtaining 
information about a vehicle or a component therein, speci? 
cally information about the tires, such as pressure and/or 
temperature thereof. 
[0051] FIG. 18 is a side vieW of the vehicle shoWn in FIG. 
17. 

[0052] FIG. 19 is a schematic of the system shoWn in FIGS. 
17 and 18. 
[0053] FIG. 20 is a top vieW of an alternate system for 
obtaining information about the tires of a vehicle. 
[0054] FIG. 21 is a perspective vieW shoWing a shipping 
container including one embodiment of the monitoring sys 
tem in accordance With the present invention. 
[0055] FIG. 22 is a How chart shoWing one manner in Which 
a container is monitored in accordance With the invention. 

[0056] FIG. 23A is a cross-sectional vieW of a container 
shoWing the use of RFID technology in a monitoring system 
and method in accordance With the invention. 
[0057] FIG. 23B is a cross-sectional vieW of a container 
shoWing the use of barcode technology in a monitoring sys 
tem and method in accordance With the invention. 

[0058] FIG. 23C is a cross-sectional vieW of a refrigerated 
container shoWing the use of a diagnostic module in a moni 
toring system and method in accordance With the invention. 
[0059] FIG. 24 is a How chart shoWing one manner in Which 
multiple assets are monitored in accordance With the inven 
tion. 

[0060] FIG. 25 is a schematic shoWing the use of a cell 
phone or PDA for monitoring a vehicle in accordance With the 
invention. 
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[0061] FIG. 26 is a schematic vieW of overall telematics 
system in accordance With the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0062] Although many of the examples below relate to a 
cargo space in an asset, the invention is not limited to any 
particular space in any particular asset and is thus applicable 
to all types of assets including vehicles, shipping containers 
and truck trailers and to all spaces or compartments of a 
vehicle including, for example, the passenger compartment 
and the trunk of an automobile or truck. 
[0063] Referring to the accompanying draWings, FIGS. 
1-10 illustrate a method and system for identifying and locat 
ing an RFID-tagged article inside a cargo space de?ned by a 
frame. The RFID tags can be active, passive or a combination 
of both, or MIR transmitters, or devices providing backscat 
ter. The system can employ multiple antennas inside a cargo 
space, truck trailer or other vehicle cargo space as illustrated 
in FIGS. 1-6. The system is preferably designed for a loW 
poWer battery operation When the cargo space is not tethered 
to a poWer source. Some energy harvesting methods for poW 
ering the system are shoWn in FIG. 9. The system requires 
little poWer and has a loW duty cycle When not connected to a 
poWer source thus the system Will provide RFID tag identi 
?cation for many years With internal battery poWer. 
[0064] A passive RFID tag can operate at about 915 MHZ 
(ISM band) complying With FCC rule 15, for example, or 
other rules that may apply either in the US or other countries. 
The frequency can be any frequency permitted under these 
rules. 
[0065] FIG. 1 illustrates an embodiment of a cargo space 
With three antennas 10, 12, 14 spaced in a triangular fashion 
and connected to an interro gator 1 6 internal to the cargo space 
With the antennas 10, 12, 14 shoWn in one possible con?gu 
ration arranged on a common Wall of the cargo space. The 
internal arrangement of the interrogator 16 to the cargo space 
means that the interrogator is arranged on one or more of the 
Walls de?ning the cargo space, inside or Within one or more of 
the Walls de?ned the cargo space and/ or Within the space 
de?ned by the Walls of the cargo space. Speci?cally, for the 
shipping container shoWn in FIG. 1 having a pair of opposed 
side Walls, a pair of opposed front and rear Walls, a roof and a 
?oor, the antennas 10, 12, 14 are arranged in the front Wall. 
This Wall may the ?xed Wall opposite the door of the shipping 
container. In other embodiments, the antennas 10, 12, 14 are 
arranged in the other Walls of the container. 
[0066] The interrogator 16 may be arranged Within the 
triangle de?ned by the antennas 10, 12, 14, for example, at or 
about the approximate center of the triangle. In other embodi 
ments With multiple antennas, the interrogator may be situ 
ated to be equidistant from all of them. Nevertheless, the 
location of the interrogator relative to the antennas is not 
critical to the practice of the invention and the interrogator 
may be placed anyWhere on the as set de?ning the cargo space, 
or even separate and apart from the asset, as described beloW. 
The interrogator 16 may be connected to the antennas 10, 12, 
14 using Wires or Wirelessly. 
[0067] The interrogator 16 can be connected to a satellite or 
other communication unit 18 from the interior of the cargo 
space using a Wire or Wirelessly using an antenna. As shoWn, 
communication unit 18 is arranged on a roof of the asset. The 
satellite or other communication unit 18 can have an external 
antenna and can be used to send tag information to a remote 
site. The distances from each antenna 10, 12, 14 to an RFID 
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device or tag 20 are shoWn as D1, D2 and D3. These distances 
can be measured by an interrogator 16 shoWn schematically 
in FIG. 8, or by a processor associated With or resident Within 
the interrogator 16 or separate therefrom. The processor 
could also process the distances to derive other information 
about the RFID device 20 or an object in connection With 
Which the RFID device 20 is mounted. For example, such a 
processor can also derive additional or alternative informa 
tion about the RFID device 20, such as motion thereof or its 
identi?cation if it is designed to generate a return signal With 
identi?cation data. 

[0068] There are knoWn arrangements of or programming 
for interrogator 16, or the processor associated thereWith, to 
measure or otherWise determine distances D1, D2 and D3 
based on the return signals. HoWever, in one particular 
embodiment, RFID devices 20 are used Which have the capa 
bility of returning a signal at a precise time With this knoWl 
edge being used to determine the distance betWeen the RFID 
device or object in connection thereWith and the antennas 10, 
12, 14. To achieve this, the interrogator 16 and RFID device 
20 are each provided With a clock, and the RFID device 20 
synchroniZes its clock upon reception of any signal from any 
of the antennas 10, 12, 14 relative to the interrogator’s clock 
returns a signal, if it receives any signal from any of the 
antennas 10, 12, 14, only after synchronization of its clock to 
the interrogator’s clock. The interrogator 16, or processor 
associated thereWith, is arranged or programmed to predict a 
transmit time at Which the RFID device 20 Will return a signal 
after reception of a signal Whose transmission is controlled by 
the interro gator 16. The actual arrival time of the return signal 
from the RFID device 20 is analyZed relative to the predicted 
transmit time (the time the return signal Was transmitted by 
the RFID device 20), e. g., compared thereto, to enable a 
measurement of a distance betWeen the RFID device 20 and 
the antennas 10, 12, 14 to be determined. Thus, in this 
embodiment, the RFID device 20 returns a signal at a speci?c 
time after receipt of an interrogation signal or pulse from one 
or more of the antennas 10, 12, 14, at a speci?c time after the 
signal or pulse Was sent by one or more of the antennas 10, 12, 
14 or at an appointed or predesignated time. In the latter case, 
predesignation of times might entail creating a speci?c for 
mula for determining the predesignated times. 
[0069] In one embodiment When the interrogator 16 causes 
transmission of signals from multiple antennas 10, 12, 14, the 
RFID 20 When receiving signals from one or more of these 
antennas 10, 12, 14 may be arranged or programmed to pro 
vide information in the return signal indicative of a phase or 
relative time of reception of signals from the multiple anten 
nas. The processor associated With the interrogator 16 Would 
analyZe the return signals and. from the phase or time recep 
tion information, derive information about the RFID device 
20 or object to Which it is mounted, such as distance infor 
mation or motion information. 

[0070] FIG. 2 illustrates an embodiment of a cargo space 
With three antennas 22, 24, 26 spaced in a triangular fashion 
located on the roof, ceiling or top of the shipping container 
de?ning the cargo space and connected to an interrogator 28 
internal to the cargo space. The interrogator 28 is connected to 
an external antenna 30 and can also be connected to a satellite 
or other communication unit as in FIG. 1. The distances from 
each antenna 22, 24, 26 to the RFID device or tag 32 are 
shoWn as D1, D2 and D3. The interrogator 28 may be 
arranged Within the triangle de?ned by the antennas 22, 24, 26 



US 2011/0095940 A1 

or elsewhere. The variations described for the embodiment 
shown in FIG. 1 are equally applicable to this embodiment. 
[0071] Mounting ofthe antennas 22, 24, 26, or possibly any 
other type of electromagnetic energy transmitter, on the roof 
of the shipping container is advantageous in that is it very 
unlikely to interfere With the maximum use of the cargo space 
provided by the shipping container. 
[0072] FIG. 3 illustrates an embodiment of a shipping con 
tainer de?ning a cargo space With multiple RF WindoWs 34, 
36, 38, 40 in the frame of the container. The WindoWs 34, 36, 
38, 40 alloW for the signal to and from one or more RFID 
devices or tags 42 in the cargo space to transmit and receive 
signals from an interrogator 44 such as shoWn schematically 
in FIG. 6 Which canbe located outside of the cargo space. This 
embodiment therefore enables an interrogator 44 to obtain 
signals via antenna 46 from an RFID device or tag 42 Within 
a cargo space While the interrogator 44 is separate and apart 
from the cargo space. Such RF WindoWs Would be needed 
anytime the frame is interposed betWeen the interro gator and 
its antenna, and the space de?ned by the frame. It is thus 
conceivable that the interrogator and its antenna may even be 
arranged on the frame yet require one or more RF WindoWs to 
enable signals from the antenna to pass into the space and 
return signals from any RFID devices in the space to pass out 
of the space to be received by the antenna. 
[0073] The siZe, location and number of RF WindoWs in an 
asset, such as the shipping container de?ning the cargo space 
shoWn in FIG. 3, can vary depending on, for example, the 
expected and possible locations of RFID devices or tags in the 
cargo space or other space de?ned by the asset, the dimen 
sions of the cargo space or other space de?ned by the asset, 
and the expected relative position betWeen the antenna of the 
interrogator and the RFID devices. It is possible that one or 
more RF WindoWs be situated at the same location on a 

particular type of shipping container and that a scanning 
system being provided for use With such shipping containers 
Which is designed to accept one or more shipping containers 
in a position in Which the RF WindoWs are automatically 
properly aligned With an antenna of an interrogator of the 
scanning system. This Will simplify the scanning of the ship 
ping containers. 
[0074] FIG. 4 illustrates an embodiment of a cargo space 
With a multiple of internal antennas 46, 48, 50, 52 connected 
to an antenna multiplexer 54 (such as a PE4261 SP4T RF 
UltraCMOSTM Flip Chip SWitch manufactured by Peregrine 
Semiconductor). As shoWn, antennas 46, 48, 50, 52 are all 
arranged at the top of the shipping container de?ning the 
cargo space. 
[0075] The multiplexer 54 may be connected to an antenna 
56 outside of the cargo space (an external antenna, yet one 
Which is still mounted on or attached to the frame de?ning the 
cargo space) for communications With an external interroga 
tor such as illustrated in FIG. 6. A transceiver may be con 
nected betWeen the multiplexer 54 and the external antenna 
56 in order to increase the signal strength of the signals from 
the RFID device 58 Which is internal to the shipping container 
de?ning the cargo space. The external antenna 56 is sued to 
communicate With an interrogator and its antenna Which is 
used to control the transmissions of signals by the antennas 
46, 48, 50, 52 and process signals received by the antennas 
into information about the RFID device 58 or an object on or 
to Which the RFID device is mounted to attached. A processor 
may be used for this purpose and may either be part of the 
interrogator or separate therefrom. 
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[0076] The RFID device location in the cargo space may be 
determined by measuring the distances from the RFID device 
58 to each of the internal antennas 46, 48, 50, 52 by triangu 
lation as illustrated in FIG. 10 and described beloW. Triangu 
lation may be used in the same manner Whenever there are at 
least three antennas Which receive signals generated by the 
presence of an RFID device in a monitored cargo space. 

[0077] FIG. 5 illustrates an embodiment of a cargo space 
With multiple internal antennas 60, 62, 64, 66, 68, 70 con 
nected to an antenna multiplexer 72 (such as the PE4261). 
The multiplexer 72 may be connected to an external antenna 
74 outside of the cargo space for communications With an 
external interrogator such as illustrated in FIG. 6. As in the 
embodiment of FIG. 4, a transceiver may be connected 
betWeen the multiplexer 72 and the outside antenna 74 for 
increasing the signal strength of the signals from the RFID 
device 76 or RFID devices Which are Within the cargo space. 
The RFID device location in the cargo space may be deter 
mined by measuring the signal strengths from the internal 
antennas 60, 62, 64, 66, 68, 70, Whereby the antenna closest to 
the RFID device 76 Will have the largest or strongest signal 
therefore the Zone Where the RFID device 76 is located in the 
cargo space may be determined. 
[0078] Whenusing multiple antennas on an asset and deriv 
ing the general location of area of the RFID device or RFID 
device equipped object based on the signal strength, the 
antennas can be distributed or spaced apart along any single 
dimension of the asset, e.g., longitudinally for the shipping 
container as shoWn in FIG. 5. In this manner, the approximate 
longitudinal location of the RFID device or object equipped 
thereWith couldbe determined. Of course, When tWo antennas 
provide signals having equal strength, it could be derived that 
the RFID device is situated exactly betWeen the antenna loca 
tions. 
[0079] In one embodiment, the antennas are arranged along 
a longitudinal center line of the cargo space, e.g., doWn the 
center of a shipping trailer or container. 

[0080] FIG. 6 illustrates a block diagram of an interrogator 
With a single antenna Which may be used in the embodiments 
herein. Information from this interrogator may be displayed 
locally or sent over a communications link, such as a satellite, 
cell phone, internet or equivalent link, to a remote location for 
processing, logging, re-transmission or for any other purpose. 
[0081] The interrogator 78 includes a pair of oscillators 80, 
82, a modulator 84 processing the output from oscillators 80, 
82 and providing output to a poWer ampli?er 86, a circulator 
88 connected to the poWer ampli?er 86 and providing a signal 
for transmission by the antenna 90 With a signal being 
received by antenna 90 being directed through the circulator 
88 to an ampli?er 92, and a phase detector 94 connected to the 
oscillator 82, modulator 84 and ampli?er 92 and performing 
a phase comparison betWeen the signals transmitted and 
received via antenna 90. A microprocessor 96 is coupled to 
the modulator 84 and phase detector 94 and analyZes the 
phase comparison to determine information about a RFID 
device Which returns a signal to the antenna 90. This infor 
mation may be distance or range information, Which may be 
provided to an external device or a display. Additionally or 
alternatively, if may be identi?cation information or motion 
information. 
[0082] The information may be derived using the knoWn 
speed of the Waves and the time for travel of the Waves, since 
the distance betWeen the antenna and the RFID-device is 
equal to one-half the speed multiplied by the total travel time. 
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