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METHOD AND APPARATUS FOR USING RFID 
TAGS TO DETERMINE THE POSTION OF AN 

OBJECT 

BACKGROUND 

0001) 1. Field of the Invention 
0002 The present invention relates to systems for detect 
ing the position of an object. More specifically, the present 
invention relates to a method and an apparatus for using 
Radio Frequency Identification (RFID) tags to determine the 
position of an object. 

0003 2. Related Art 
0004 Computers often need to know the position of an 
object in the physical World. For example, interacting with 
a computer System often involves moving a mouse, a 
trackball, or Some other physical object. In addition to user 
interaction, there are many other contexts in which comput 
erS need to know the position of objects in the physical 
World. For example, logistics Systems need to track the 
movements of goods through warehouses, and assembly 
robots need to determine the position of cars as they move 
down the assembly line. Applications of Such knowledge are 
nearly countless, because knowing the position of objects is 
a fundamental requirement for interacting with the physical 
world. 

0005 One technique for determining the position of a 
physical object is to modify the object to so that it is able to 
track its own position, and to report its position through a 
wired or wireless connection. While this technique is useful 
for Some applications, it is expensive to modify an object in 
this way. Moreover, the object must contain a power Supply, 
Such as a battery, which further increases bulk or tethers the 
object through a physical connection. 
0006 Another technique is to use a video camera to 
Survey a Scene, and to use object recognition Software to 
identify and determine the location of objects within the 
Scene. However, this technique is expensive and requires 
line of Sight access to the camera. 
0007 Moreover, creating software that accurately detects 
objects is a daunting task because of hidden Surfaces and 
Similarities between objects. For example, in a warehouse 
containing boxes of Similar size, if the camera cannot see the 
Side of a particular box with distinguishing markings, the 
System cannot identify the particular box. 
0008. A relatively inexpensive technique for determining 
the position of an object in the physical World is to attach a 
Radio Frequency Identification (RFID) tag to the object. 
RFID tags are relatively small (some are smaller than a 
nickel), inexpensive, and do not require a power Source. 
However, existing RFID tag readers cannot pinpoint the 
exact location of the object. Rather, they simply report the 
presence or absence of a tag in their field of Sensitivity. 
0009 Hence, what is needed is a method and an appa 
ratus for using RFID tags to determine the position of an 
object. 

SUMMARY 

0010. One embodiment of the present invention provides 
a system that uses Radio Frequency Identification (RFID) 
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tags to determine the position of an object. During operation, 
the System receives signals from an array of RFID tags at an 
RFID tag reader, wherein a mask of known size and shape 
is interposed between the array of RFID tags and the RFID 
tag reader, thereby obscuring Signals from a Subset of the 
RFID tags. Next, the system determines the position of the 
object by analyzing the pattern of obscured RFID tags, 
wherein the analysis is based on a known Spatial relationship 
between the object, the mask and the array of RFID tags. 
0011. In a variation on this embodiment, the array of 
RFID tags resides at a fixed location and the mask of known 
Size and shape is coupled to the object. In this way, when the 
physical object is interposed between the array of RFID tags 
and the RFID tag reader, the mask obscures the subset of 
RFID tags. 

0012. In a further variation on this embodiment, the 
object contains a separate RFID tag that facilitates in iden 
tifying the object. 

0013 In a variation on this embodiment, the mask of 
known size and shape resides at a fixed location and the 
array of RFID tags is coupled to the object. In this way, when 
the mask of known size and Shape is interposed between the 
object and the RFID tag reader, a pattern on the mask 
obscures the subset of RFID tags. 
0014. In a further variation on this embodiment, identi 
fiers received from RFID tags in the array of RFID tags 
facilitate in identifying the object. 

0015. In a variation on this embodiment, the system 
analyzes the pattern of obscured RFID tags to determine the 
orientation of the object. 
0016. In a variation on this embodiment, each RFID tag 
in the array of RFID tags is a passive, unpowered circuit that 
transmits a unique ID in response to an RF signal. 

BRIEF DESCRIPTION OF THE FIGURES 

0017 FIG. 1 illustrates a system for determining the 
location of an object using a mask in accordance with an 
embodiment of the present invention. 
0018 FIG. 2A illustrates an object with an array of Radio 
Frequency ID (RFID) tags in accordance with an embodi 
ment of the present invention. 
0019 FIG. 2B illustrates a system for determining the 
location of an object with an array of RFID tags in accor 
dance with an embodiment of the present invention. 
0020 FIG. 3 presents a flowchart illustrating the process 
of determining the location of an object in accordance with 
an embodiment of the present invention. 

DETAILED DESCRIPTION 

0021. The following description is presented to enable 
any person skilled in the art to make and use the invention, 
and is provided in the context of a particular application and 
its requirements. Various modifications to the disclosed 
embodiments will be readily apparent to those skilled in the 
art, and the general principles defined herein may be applied 
to other embodiments and applications without departing 
from the Spirit and Scope of the present invention. Thus, the 
present invention is not intended to be limited to the embodi 
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ments shown, but is to be accorded the widest Scope 
consistent with the principles and features disclosed herein. 
0022. The data structures and code described in this 
detailed description are typically Stored on a computer 
readable Storage medium, which may be any device or 
medium that can Store code and/or data for use by a 
computer System. This includes, but is not limited to, 
magnetic and optical Storage devices Such as disk drives, 
magnetic tape, CDs (compact discs) and DVDs (digital 
versatile discs or digital video discs), and computer instruc 
tion signals embodied in a transmission medium (with or 
without a carrier wave upon which the Signals are modu 
lated). For example, the transmission medium may include 
a communications network, Such as the Internet. 
0023 System for Determining the Location of an Object 
with a Mask 

0024 FIG. 1 illustrates a system for determining the 
location of object 106 with a mask 108 in accordance with 
an embodiment of the present invention. AS is illustrated in 
FIG. 1, the system contains RFID tag reader 100 which has 
field of sensitivity 112. RFID tag reader 100 can read any 
RFID tag that is within field of sensitivity 112, provided that 
the signal from the RFID tag is not blocked by any inter 
vening material or mask. 
0025. The system illustrated in FIG. 1 also contains 
surface 102 which is transparent to Radio Frequency (RF) 
Signals. For example, Surface 102 can include a tabletop or 
a floor. Embedded in or below surface 102 is an array of 
RFID tags 104. RFID tags in array of RFID tags 104 are 
arranged in a fixed pattern that is known to the System. Note 
that each RFID tag in the array of RFID tags 104 has a 
unique ID. 
0026. The system illustrated in FIG. 1 also contains 
object 106. Object 106 can include any object to be tracked 
by the system. For example, object 106 can be a box of parts 
moving through a warehouse. 
0027 Mask 108 and RFID tag 110 are attached to or 
contained within object 106. RFID tag 110 is unique to 
object 106 and identifies object 106 to the system. Once 
object 106 becomes known to the system, the system can 
determine the size and shape of mask 108. For example, in 
one embodiment, the size and shape of mask 108 is retrieved 
from a database using the ID from RFID tag 110. 
0028 Mask 108 is opaque to RF signals, and hence, 
blocks the RF signals from a subset of the array of RFID tags 
104 from reaching RFID tag reader 100. By determining the 
pattern of the RF signals that are blocked from RFID tag 
reader 100, and comparing the pattern to the Size and shape 
of mask 108, the system can determine the position of mask 
108. Since mask 108 is attached to object 106, the system 
can also determine the position of object 106. In one 
embodiment of the present invention, the System can addi 
tionally determine the orientation of object 106, based upon 
how the shape of mask 108 obscures RFID tags 104. 
0029 Object with an Array of RFID Tags 
0030 FIG. 2A illustrates object 200 with an array of 
Radio Frequency ID (RFID) tags 202 in accordance with 
another embodiment of the present invention. Object 200 
contains an array of RFID tags 202 on its bottom surface. 
Note that RFID tags 202 can generally be placed on any 
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surface of object 200, but have been placed on the bottom 
surface in this example. Each RFID tag in the array of RFID 
tags 202 contains a unique ID. These unique IDS Serve to 
identify object 200. Moreover, signals received from the 
array of RFID tags 202 facilitate in determining the position 
of object 200 as illustrated in FIG. 2B. 
0031 System for Determining the Location of an Object 
0032 FIG. 2B illustrates a system for determining the 
location of object 200 with an array of RFID tags 202 in 
accordance with an embodiment of the present invention. 
The system contains RFID tag reader 100 which has field of 
sensitivity 112. RFID tag reader 100 can read any RFID tag 
that is within field of sensitivity 112, provided that the signal 
from the RFID tag is not blocked by any intervening 
material or mask. 

0033. The system also contains mask 204, which is 
located between object 200 and RFID tag reader 100. Mask 
204 is opaque to RF signals, but contains a pattern of holes 
that allow signals from RFID tags close to the holes to pass 
through mask 204. 
0034). When object 200 moves across mask 204, the 
signals from certain RFID tags from the array of RFID tags 
202 reach RFID tag reader 100. By analyzing the pattern of 
RFID tags from RFID tags 202 that are visible to RFID tag 
reader 100, the system can determine the position of object 
200. Note that in one embodiment of the present invention, 
the system can also determine the orientation of object 200. 
0035) Process of Determining the Location of an Object 
0036 FIG. 3 presents a flowchart illustrating the process 
of determining the location of an object in accordance with 
an embodiment of the present invention. The System Starts 
when the presence of RFID tag 110 is detected by RFID tag 
reader 100 (step 302). Once the presence of RFID tag 110 is 
detected, the system determines the identity of object 106 
from RFID tag 110 (step 304). In one embodiment of the 
present invention, this information is Stored in a database 
attached to the System. At this time, the System also deter 
mines the size and shape of mask 108 that is attached to 
object 106 (step 306). 
0037. Once the identity of object 106 and the size and 
shape of mask 108 have been determined, the system 
determines which signals from the array of RFID tags 104 
are blocked by mask 108 (step 308). The system then 
compares the pattern of blocked RFID tags to the size and 
shape of mask 108 (step 310) and from this comparison, 
determines the position of object 106 (step 312). Note that 
the System can additionally determine the orientation of 
object 106. 
0038. The foregoing descriptions of embodiments of the 
present invention have been presented for purposes of 
illustration and description only. They are not intended to be 
exhaustive or to limit the present invention to the forms 
disclosed. Accordingly, many modifications and variations 
will be apparent to practitionerS Skilled in the art. Addition 
ally, the above disclosure is not intended to limit the present 
invention. The scope of the present invention is defined by 
the appended claims. 
What is claimed is: 

1. A method for using Radio Frequency ID (RFID) tags to 
determine the position of an object, comprising: 
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receiving RF signals from an array of RFID tags at a 
RFID tag reader, wherein a mask of known size and 
shape blocks RF signals from a subset of the array of 
RFID tags, so that the RF signals from the subset of 
RFID tags do not reach the RFID tag reader; 

determining a pattern of obscured RFID tags in the array 
of RFID tags; and 

analyzing the pattern of obscured RFID tags to determine 
the position of the object, wherein the analysis is based 
on a known Spatial relationship between the object, the 
mask and the array of RFID tags. 

2. The method of claim 1, 
wherein the array of RFID tags resides at a fixed location 

and the mask of known size and shape is coupled to the 
object; and 

wherein the physical object is interposed between the 
array of RFID tags and the RFID tag reader so that the 
mask obscures the Subset of RFID tags. 

3. The method of claim 2, wherein the object contains a 
Separate RFID tag that facilitates identifying the object. 

4. The method of claim 1, 

wherein the mask of known size and Shape resides at a 
fixed location and the array of RFID tags is coupled to 
the object; and 

wherein the mask of known size and shape is interposed 
between the object and the RFID tag reader so that a 
pattern on the mask obscures the Subset of RFID tags. 

5. The method of claim 4, wherein identifiers received 
from RFID tags in the array of RFID tags facilitate in 
identifying the object. 

6. The method of claim 1, wherein analyzing the pattern 
of obscured RFID tags further involves determining the 
orientation of the object. 

7. The method of claim 1, wherein each RFID tag in the 
array of RFID tags is a passive, unpowered circuit that 
transmits a unique ID in response to an RF signal. 

8. A computer-readable Storage medium Storing instruc 
tions that when executed by a computer cause the computer 
to perform a method for using Radio Frequency ID (RFID) 
tags to determine the position of an object, the method 
comprising: 

receiving RF signals from an array of RFID tags at a 
RFID tag reader, wherein a mask of known size and 
shape blocks RF signals from a subset of the array of 
RFID tags, so that the RF signals from the subset of 
RFID tags do not reach the RFID tag reader; 

determining a pattern of obscured RFID tags in the array 
of RFID tags; and 

analyzing the pattern of obscured RFID tags to determine 
the position of the object, wherein the analysis is based 
on a known Spatial relationship between the object, the 
mask and the array of RFID tags. 

9. The computer-readable storage medium of claim 8, 
wherein the array of RFID tags resides at a fixed location 

and the mask of known size and shape is coupled to the 
object; and 

wherein the physical object is interposed between the 
array of RFID tags and the RFID tag reader so that the 
mask obscures the Subset of RFID tags. 
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10. The computer-readable storage medium of claim 9, 
wherein the object contains a separate RFID tag that facili 
tates identifying the object. 

11. The computer-readable Storage medium of claim 8, 

wherein the mask of known size and Shape resides at a 
fixed location and the array of RFID tags is coupled to 
the object; and 

wherein the mask of known size and shape is interposed 
between the object and the RFID tag reader so that a 
pattern on the mask obscures the Subset of RFID tags. 

12. The computer-readable Storage medium of claim 11, 
wherein identifiers received from RFID tags in the array of 
RFID tags facilitate in identifying the object. 

13. The computer-readable Storage medium of claim 8, 
wherein analyzing the pattern of obscured RFID tags further 
involves determining the orientation of the object. 

14. The computer-readable Storage medium of claim 8, 
wherein each RFID tag in the array of RFID tags is a 
passive, unpowered circuit that transmits a unique ID in 
response to an RF signal. 

15. An apparatus for using Radio Frequency ID (RFID) 
tags to determine the position of an object, comprising: 

a receiving mechanism configured to receive RF signals 
from an array of RFID tags at a RFID tag reader, 
wherein a mask of known size and shape blocks RF 
signals from a subset of the array of RFID tags, so that 
the RF signals from the Subset of RFID tags do not 
reach the RFID tag reader; 

a determination mechanism configured to determine a 
pattern of obscured RFID tags in the array of RFID 
tags, and 

an analysis mechanism configured to analyze the pattern 
of obscured RFID tags to determine the position of the 
object, wherein the analysis is based on a known Spatial 
relationship between the object, the mask and the array 
of RFID tags. 

16. The apparatus of claim 15, 
wherein the array of RFID tags resides at a fixed location 

and the mask of known size and shape is coupled to the 
object; and 

wherein the physical object is interposed between the 
array of RFID tags and the RFID tag reader so that the 
mask obscures the Subset of RFID tags. 

17. The apparatus of claim 16, wherein the object contains 
a separate RFID tag that facilitates identifying the object. 

18. The apparatus of claim 15, 

wherein the mask of known size and Shape resides at a 
fixed location and the array of RFID tags is coupled to 
the object; and 

wherein the mask of known size and shape is interposed 
between the object and the RFID tag reader so that a 
pattern on the mask obscures the Subset of RFID tags. 

19. The apparatus of claim 18, wherein identifiers 
received from RFID tags in the array of RFID tags facilitate 
in identifying the object. 

20. The apparatus of claim 15, wherein the analysis 
mechanism is further configured to determine the orientation 
of the object. 
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21. The apparatus of claim 15, wherein each RFID tag in the Subset of RFID tags does not reach the RFID tag 
the array of RFID tags is a passive, unpowered circuit that reader; 
transmits a unique ID in response to an RF signal. a determination means for determining a pattern of 

22. A means for using Radio Frequency ID (RFID) tags to obscured RFID tags in the array of RFID tags; and 
determine the position of an object, comprising: an analysis means for analyzing the pattern of obscured 

RFID tags to determine the position of the object, 
a receiving means for receiving RF signals from an array wherein the analysis is based on a known Spatial 

of RFID tags at a RFID tag reader, wherein a mask of relationship between the object, the mask and the array 
known size and shape blockS RF signals from a Subset of RFID tags. 
of the array of RFID tags, So-that the RF signals from k . . . . 


