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SYSTEMS AND METHODS OF ACCURACY 
MAPPING IN A LOCATION TRACKING 

SYSTEM 

FIELD 

0001. The present invention relates generally to location 
tracking systems. More particularly, the present invention 
relates to systems and methods of accuracy mapping in a 
location tracking system. 

BACKGROUND 

0002 Location tracking systems are known in the art. 
However, many location tracking systems, both wired and 
wireless, exhibit location estimation errors. Often times, 
these location estimation errors are specific to a user's loca 
tion or specific to hardware and infrastructure of the location 
tracking system. For example, the accuracy of a location 
estimate can depend on the location and structure of access 
points or location anchors. 
0003. It is desirable for a user to understand the accuracy 
of any location estimate. Specifically, it is desirable for a user 
to know what to expect in terms of accuracy of a location 
tracking system based on the user's location and the hardware 
and infrastructure in the environment. When a user under 
stands accuracy and knows what level of error to expect, he 
can adjust the infrastructure to enhance accuracy according to 
his requirements. 
0004 There is thus a continuing, ongoing need for systems 
and methods of accuracy mapping in a location tracking 
system. Preferably, Such systems and methods predict and 
communicate to a user the expected accuracy of a location 
estimate on a site map. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1A is a graph of signal strength versus distance 
in accordance with the present invention; 
0006 FIG. 1B is graph plotting a possible region for the 
location of an RSSI receiver in accordance with the present 
invention; 
0007 FIG. 1C is a graph depicting the statistical variation 
of RSSI versus distance measurements inaccordance with the 
present invention; 
0008 FIG. 2 is a graph plotting the most probable region 
for the location of an RSSI receiver when RSSI from multiple 
location anchors are available in accordance with the present 
invention; 
0009 FIG.3 is a method of predicting and communicating 
the accuracy of a location estimate in a location tracking 
system in accordance with the present invention; 
0010 FIG. 4 is a block diagram of a system for carrying 
out the method of FIG. 3 and others in accordance with the 
present invention; 
0011 FIG. 5 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention; 
0012 FIG. 6 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention; 
0013 FIG. 7 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention; 
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0014 FIG. 8 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention; 
0015 FIG. 9 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention; and 
0016 FIG. 10 is an exemplary contour map that can be 
generated and displayed in accordance with the present 
invention. 

DETAILED DESCRIPTION 

0017 While this invention is susceptible of an embodi 
ment in many different forms, the drawings and detailed 
description show and describe specific embodiments of the 
present invention. However, it is to be understood that the 
present disclosure is to be considered as an exemplification of 
the principles of the invention. It is not intended to limit the 
invention to the specific illustrated embodiments. 
00.18 Embodiments of the present invention include sys 
tems and methods of accuracy mapping in a location tracking 
system. Preferably, Such systems and methods predict and 
communicate to a user the expected accuracy of a location 
estimate on a site map. 
0019. In accordance with the present invention, predicting 
and communicating the accuracy of a location estimate on a 
site map can enable a user to visualize location accuracy when 
needed. The wireless infrastructure at a site can affect the 
location accuracy. Therefore, when users know the accuracy 
of any location estimate, users can optimize infrastructure 
deployment where needed. Accordingly, accuracy require 
ments can be achieved at a minimized infrastructure cost. 
0020. In embodiments of the present invention, systems 
and methods can create a graphical topology map, and a 
graphical user interface (GUI) can present the map to a user 
based on an imported customer site image. In some embodi 
ments, the graphical topology map can include an overlaid 
contour map, for example, a color contour map similar to a 
thermal image heat map. In a heat map, color indicates tem 
perature. However, in the color contour map shown and 
described herein, color can indicate the predicted location 
accuracy. 
0021. The color contour map overlay on the site image can 
communicate to a user the expected worst case error Versus 
position in the site. According to some embodiments, the 
expected worst case error can be predicted based on the 
positions of location anchors. 
0022. It is to be understood that the rendering of the site 
can be two-dimensional or three-dimensional. In three-di 
mensional embodiments, a user can view the overlaid con 
tours of the expected worst case error as would exist in the 
three-dimensional space of the site. 
0023. A contour map or a three-dimensional rendering in 
accordance with the present invention can take into account 
the placement of location anchors to be used in the estimation 
of location accuracy. According to Some embodiments, the 
estimation of location accuracy at any given point in the site 
depends on the Euclidian distance to nearby location anchors. 
Therefore, it is important to specify the location of all location 
anchors in the site. 
0024. The estimation of location accuracy can also depend 
on the methods used for estimating location in the location 
system. For example, one method for location estimation is 
based on the received signal strength indication (RSSI) for 
signals received from location anchors. In these methods, the 
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RSSI is used as an indicator for distance. It is to be understood 
that the method forestimating location accuracy is not limited 
to location systems based on RSSI measurements. Rather, 
other methods for estimating location come within the spirit 
and scope of the present invention, for example, time of flight 
measurementS. 

0025. In embodiments of the present invention, a location 
anchor can include a wireless receiver, transmitter, or trans 
ceiver that has a known location. For example, a location 
anchor could include a Wi-Fi access point (AP). In some 
embodiments, a location anchor can include a mechanism for 
responding to a probe request received from a Wi-Fi client 
device. 
0026. In some embodiments, the position of a location 
anchor can be specified by receiving GPS coordinates of the 
location anchor. If multiple GPS coordinates of the site ren 
dering are known, then the position of a location anchor 
within the site can be known with respect to the site rendering. 
0027. In other embodiments, a contour map can be dis 
played on a GUI, and a user can click on or otherwise select 
a point at which a location anchor is located. Then, that point 
on the map can display the location anchor. 
0028. After all of the location anchor positions are deter 
mined, systems and methods in accordance with the present 
invention can predict a worst case location accuracy as a 
function of position on the site rendering. The prediction will 
depend on the location of the location anchors in the site and 
on the method used to determine location. It is to be under 
stood that the average accuracy can be better than the worst 
case accuracy in many situations. 
0029. One method to determine location can use a func 
tion of a default received signal strength indication (RSSI) 
versus Euclidean distance. For example, U.S. application Ser. 
No. 12/959,250, which is assigned to the assignee hereof and 
is hereby incorporated by reference, describes a location 
engine that can estimate the distance from all location 
anchors in a region using signal strength. The method can use 
the signal strength and estimated distance from location 
anchors to estimate the location of a receiver. However, the 
estimated location of the receiver can exhibit an error that is 
due to the inaccuracy of the function of RSSI versus distance. 
0030) Radio frequency signal strength can vary, even if a 
location anchor and receiver stay in constant positions. Sys 
tems and methods of the present invention can account for this 
variance by determining the variation of RSSI versus distance 
to determine reliable bounds. For example, as seen in FIG. 
1A, a graph of signal strength versus distance is shown. Line 
100 depicts the typical wide variations in RSSI versus dis 
tance while line 110 depicts the average RSSI versus distance. 
The dotted lines 120, 130 depict the upper and lower bound 
curves, respectively, around the average, where the limits 
include a majority of the typical measurements. 
0031 FIG. 1C is a graph depicting the statistical variation 
of RSSI versus distance measurements. The upper bound 
curve 120 and the lower bound curve 130 in FIG. 1A can be 
determined based on the statistical variation shown in FIG. 
1C. That is, the confidence level for the upper and lower 
bound curve 120, 130 can be dependent on the standard 
deviation of the statistics at any given distance in FIG. 1C. 
0032. In a normal distribution, one standard deviation 
from the mean can account for approximately 68.27% of a set. 
Two standard deviations from the mean can account for 
approximately 95.45% of the set, and three standard devia 
tions from the mean can account for approximately 99.73% of 
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the set. Therefore, ifa user desires a 95% confidence, then the 
upper and lower bound lines 120, 130 can be set at two 
standard deviations away from the mean for each distance 
position. 
0033 FIG.1B shows a plot predicting a possible region for 
the location of an RSSI receiver given the signal strength 
measured when the signal is transmitted from the location 
anchor at position S. As seen in FIG. 1B, D can be an upper 
distance bound, and d can be a lower distance bound. When a 
signal strength is known, a region Rin which the receiver can 
be located can be determined. That is, d-R-D. 
0034. According to some embodiments, the values of d 
and D can be used to estimate the location error for a given 
position in the site. For example, the values ford and D can be 
determined by determining the Euclidean distance from a 
position to a location anchor. Then, the average RSSI value 
for that Euclidian distance can be determined using the RSSI 
versus distance curve 110 shown in FIG. 1A. Using the deter 
mined RSSI value, the values of d and D can be determined 
using the upper and lower bound lines 120, 130, shown in 
FIG. 1A. Thus, as shown in FIG. 1B, a user can be 95% 
confident that the receiver is within the region R of FIG. 1B 
Surrounding the position of the location anchor S. 
0035. When multiple location anchor signals are received 
by the RSSI receiver, the location of the RSSI receiver can be 
predicted even more accurately. For example, as seen in FIG. 
2, regions in which a receiver can be located can be deter 
mined for each of a plurality of location anchors, S-Se. Then, 
systems and methods can determine a location in which each 
of the regions overlap. This overlap area can be the most 
probable location region 210 for the receiver 200. 
0036. In some embodiments, the size of the most probable 
location region 210 can be used to report the estimated error 
in the location estimate for the particular position in the site. 
A similar calculation can be done to determine the error for all 
other positions in the site. 
0037. The confidence that a given location estimate will be 
within the most probable location region 210 can depend on 
the upper and lower bound RSSI curves. For example, if the 
curves are positioned to be two standard deviations above and 
below the average curve, then 95% of the RSSI measurements 
can occur between the upper and lower bound curves. Thus, in 
FIG. 2, a user can be 95% confident that the receiver 200 is 
within the most probable location region 210. 
0038. In some embodiments, the shape of the most prob 
able location region 210 can be based on a set of circular arcs, 
each circular arc having a radius D. Then, the estimated 
location error can be reported as the square root of this area. 
In other embodiments, the shape of the most probable loca 
tion region 210 can be estimated using squares having a width 
equal to 2D. Then, the shape of the most probable location 
region 210 can be a bounding box rectangle with dimensions 
X and Y, where the rectangle is the intersection of all of the 
squares for each location anchor. The largest of the X and Y 
dimensions can be used as the estimated error for that posi 
tion. The confidence in an errorestimate can be depend on the 
number of standard deviations used for the upper and lower 
bound curves. 
0039. According to embodiments disclosed herein, a con 
tour map of the entire site can be generated using the calcu 
lations described above for each possible receiver location. 
Once each location has a calculated error value, contour lines 
can be drawn overlaying the map Such that each contour line 
can correspond to a specific common error value. 
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0040. In three-dimensional embodiments, the Euclidean 
distance can be measured in three dimensions. Thus, circles 
of radius D can become spheres, and the most probable loca 
tion can become a three-dimensional Volume. In these 
embodiments, the cube root of the volume can be used as the 
error value. 

0041) Users can adjust the function of default RSSI versus 
distance according to their environment. Furthermore, a user 
can provide input specifying a desired worst case level of 
confidence in location accuracy. Given the desired confi 
dence, the number of RSSI standard deviations to be used for 
the upper and lower bounds can be determined. An RSSI 
standard deviation value can be changed as appropriate for 
the environment. 

0042. In some embodiments, the RSSI standard deviation 
value can be approximately 5-7 dB. However, the desired 
confidence can be 95% where the upper and lower bound 
curves can be positioned at approximately two standard 
deviations above and below the RSSI curve. This is because 
higher standard deviations can capture more measurements. 
For any set of location anchor positions, RSSI statistics, and 
user confidence specification, an error contour overlay can be 
calculated and displayed. 
0043. In accordance with the present invention, a user can 
add or move location anchors to increase the accuracy of 
location estimates in desired areas. When a location anchoris 
added or moved, systems and methods of the present inven 
tion can generate an inventory of the move or addition. Sys 
tems and methods can then use the inventory to perform a 
tradeoff analysis of cost installation versus accuracy. 
0044 FIG.3 is a flow chart of an exemplary method 300 of 
predicting and communicating the accuracy of a location 
estimate in a location tracking system in accordance with the 
present invention. As seen in FIG. 3, an image of a site or 
region can be imported as in 305. Alternatively, a three 
dimensional rendering of the site can be used, for example, a 
three-dimensional AutoCAD model. 

0045. In some embodiments, location anchors can be 
shown on the imported image, and in other embodiments, 
location anchors do not appear on the imported image. 
Accordingly, location anchors can be optionally identified on 
the image as in 310. For example, a user can click on or 
otherwise select locations on the image where anchors are 
currently located and/or where anchors are anticipated to be 
located. Upon completion of step 310, positions of location 
anchors can be known with respect to the site image or three 
dimensional model. 

0046. Then, the method 300 can identify and create an 
array of pseudo-test points as in 315. For example, the 
pseudo-test points can be a set of points that are equidistant 
and that cover the entire site image or three-dimensional 
model. Pseudo-test points can enable the method 300 to pre 
pare values of location error for positions across the site. 
0047. The method can select a pseudo-test point from the 
array of pseudo-test points as in 320. Then, for the selected 
pseudo-test point, the method 300 can calculate the RSSI as a 
function of distance from all location anchors on the site as in 
325. For example, in some embodiments, the calculation of 
RSSI versus distance can be based on a default RSSI versus 
distance function. In some embodiments, the mean value and 
expected standard deviation of RSSI can be determined as a 
function of distance, for example, through measurements 
obtained in an RF site Survey at each pseudo-test point and/or 
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through an RF propagation model that takes into account the 
presence of equipment and buildings on the site map. 
0048. The method 300 can also calculate a bounding box 
with X and Y dimensions as in 330. The bounding box can be 
based on using an upper bound RSSI curve to determine the 
size of the squares for each location anchor. In embodiments 
of the present invention, the bounding box can be based on the 
farthest distance that the estimate can range given the vari 
ance in the RSSI function. Then, the X and Y dimensions of 
the bounding box can be used to determine the error value for 
that pseudo-test point as in 335, for example, VCXY) or the 
maximum of X and Y. 

0049 Portions of the method 300 can be repeated togen 
erate error values for each pseudo-test point. For example, 
after an error value for the selected pseudo-test point is deter 
mined as in 335, the method 300 can determine if all pseudo 
test points in the array of pseudo-test points have been ana 
lyzed as in 340. If not, then the method 300 can select another 
pseudo-test point as in 320. 
0050. However, if the method determines that all pseudo 
test points have been analyzed as in 340, then the method 300 
can generate a contour map as in 350. For example, to gen 
erate the contour map as in 350, the error values that were 
determined in 335 can be sorted into groups and assigned a 
color as in 351. For example, a good error value can be 
assigned to a green group, and a bad error value can be 
assigned to a red group. Then, the map can be color coded at 
each pseudo-test point as in 352, and contour lines can be 
drawn accordingly as in 353. In embodiments of the present 
invention, a colored map with contour lines can show color 
coding of the magnitude of location estimation error Versus 
the position on the image. 
0051. In some embodiments, after a user visually views 
location accuracy via the contour map, a user can adjust 
accuracy by adding, moving, or deleting location anchors on 
the map as in 360. When any location anchors are added, 
moved, or deleted, location error mapping functions can be 
re-run to re-calculate accuracy. 
0052. When the method of FIG.3 generates a contour map 
with a desired location accuracy, systems and methods of the 
present invention can generate a bill of materials. For 
example, the bill of materials can indicate materials needed to 
install a system with the location accuracy displayed by the 
contour map. If an initial set of location anchors is already 
installed, the bill of materials can indicate the additional 
materials needed to improve the location accuracy by adding 
additional location anchors. 

0053. The method shown in FIG. 3 and others in accor 
dance with the present invention can be implemented with the 
system 400 shown in FIG. 4. As seen in FIG.4, the system 400 
can include control circuitry 410, one or more programmable 
processors 420, executable control software 430 as would be 
understood by those of skill in the art, and a database 425. The 
executable control software 430 can be stored on a transitory 
or non-transitory computer readable medium. 
0054 An associated user interface 440 can be in commu 
nication with the control circuitry 410, and a viewing screen 
450 of the user interface 440, as would be known by those of 
skill in the art, can display interactive and viewing windows. 
In some, embodiments of the present invention, the user inter 
face 440 can be a multi-dimensional graphical user interface. 
The user interface 440 can also include user input mecha 
nisms 455 for receiving user input. 
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0055 As seen in FIG. 4, an image 460 of a site or region 
can be imported to the control circuitry 410. The control 
circuitry 410 can perform methods in accordance with the 
present invention to generate a contour map, and the viewing 
screen 450 of the user interface 440 can display the contour 
map as an overlay on top of the site image to visually display 
to a user the accuracy of location estimates. 
0056. In some embodiments, the viewing screen can dis 
play a three-dimensional rendering of the site with various 
perspectives. Then, the contour and color coded error infor 
mation can be displayed on the site rendering to convey the 
location error information. 
0057. It is to be understood that alternate embodiments to 
enable the viewing of a three-dimensional model come within 
the spirit and scope of the present invention. For example, 
layers of a three-dimensional model can be viewed, where a 
given layer represents a specific horizontal slice through 
three-dimensional space. In these embodiments, the error 
map can be overlaid on each layer. In other embodiments, the 
overlay can be presented to a user with a controlled level of 
transparency such that the underlying site image can be more 
or less visible with respect to the error color coding and 
COntOurS. 

0058 FIG. 5 is an exemplary contour map 500 that can be 
generated and displayed in accordance with the present 
invention. As seen in FIG. 5, the contour map 500 can include 
a plurality of location anchors 510. To generate the contour 
map 500, the upper bound RSSI curve has been set to 7 dB 
above the mean RSSI curve. 
0059 FIG. 6 is an exemplary contour map 600 that can be 
generated and displayed in accordance with the present 
invention. As seen in FIG. 6, the contour map 600 can include 
a plurality of location anchors 610. To generate the contour 
map 600, the upper bound RSSI curve has been set to 14 dB 
above the mean RSSI curve. 
0060. When the contour map 500 in FIG.5 and the contour 
map 600 in FIG. 6 are compared, it can be seen that greater 
accuracy in location estimates is achieved when the upper 
bound RSSI curve is 7 dB, as opposed to 14 dB. FIG. 6 also 
demonstrates additional contours. The number of contours, or 
alternatively, the incremental amount of error between con 
tours, can be a user input to the mapping system. 
0061 FIG. 7 is an exemplary contour map 700 that can be 
generated and displayed in accordance with the present 
invention. To generate the contour map 700, the upper bound 
RSSI curve has been set to 7 dB above the mean RSSI curve. 
0062. As seen in FIG. 7, a location anchor 750 has been 
added to the map 700 so the map 700 in FIG. 7 has more 
location anchors than the map 500 in FIG. 5. Accordingly, 
greater accuracy in location estimates is achieved as com 
pared to the map 500 in FIG. 5, especially around the area of 
location anchor 750. 
0063 FIG. 8 is an exemplary contour map 800 that can be 
generated and displayed in accordance with the present 
invention. To generate the contour map 800, the upper bound 
RSSI curve has been set to 14 dB above the mean RSSI curve. 

0064. As seen in FIG. 8, a location anchor 850 has been 
added to the map 800 so the map 800 in FIG. 8 has more 
location anchors than the map 600 in FIG. 6. Accordingly, 
greater accuracy in location estimates is achieved as com 
pared to the map 600 in FIG. 6, especially around the area of 
location anchor 850. 
0065 FIG.9 is an exemplary contour map 900 that can be 
generated and displayed in accordance with the present 
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invention. To generate the contour map 900, the upper bound 
RSSI curve has been set to 7 dB above the mean RSSI curve. 
0066. As seen in FIG. 9, and as compared to FIG. 7, a 
location anchor 955 has been moved. That is, the anchor 955 
has been moved from the location at the base of the arrow to 
the location at the tip of the arrow. In the map 900, greater 
accuracy in location estimates is achieved near and around the 
moved location anchor 955 as compared to that same area in 
the map 700, when the location anchor 955 was not there. 
0067. In embodiments of the present invention, when a 
user views the map 700 as in FIG. 7, he may determine that 
more accuracy in location estimates in desired in a certain 
area. Therefore, he can move the location anchor 955 to the 
area where more accuracy is desired. 
0068 Finally, FIG. 10 is an exemplary contour map 1000 
that can be generated and displayed in accordance with the 
present invention. To generate the contour map 1000, the 
upper bound RSSI curve has been set to 14 dB above the mean 
RSSI curve. 

0069. As seen in FIG. 10, and as compared to FIG. 8, a 
location anchor 1055 has been moved. That is, the anchor 
1055 has been moved from the location at the base of the 
arrow to the location at the tip of the arrow. In the map 1000, 
greater accuracy in location estimates is achieved near and 
around the moved location anchor 1055 as compared to that 
same area in the map 800, when the location anchor 1055 was 
not there. 

0070. In embodiments of the present invention, when a 
user views the map 800 as in FIG. 8, he may determine that 
more accuracy in location estimates is desired in a certain 
area. Therefore, he can move the location anchor 1055 to the 
area where more accuracy is desired. 
0071 Although a few embodiments have been described 
in detail above, other modifications are possible. For 
example, the logic flows depicted in the figures do not require 
the particular order shown, or sequential order, to achieve 
desirable results. Other steps may be provided, or steps may 
be eliminated, from the described flows, and other compo 
nents may be added to, or removed from, the described sys 
tems. Other embodiments may be within the scope of the 
following claims. 
0072 From the foregoing, it will be observed that numer 
ous variations and modifications may be effected without 
departing from the spirit and Scope of the invention. It is to be 
understood that no limitation with respect to the specific 
system or method illustrated herein is intended or should be 
inferred. It is, of course, intended to cover by the appended 
claims all such modifications as fall within the spirit and 
Scope of the claims. 
What is claimed is: 
1. A method comprising: 
identifying a position of at least one location anchor on a 

site rendering; 
determining, for a plurality of positions on the site render 

ing, an estimated error value of location accuracy as a 
function of position on the site rendering; 

generating a overlay rendering of the estimated error Val 
ues of location accuracy for the plurality of positions on 
the site rendering; and 

displaying the site rendering with the overlay rendering 
therewith. 

2. The method of claim 1 wherein the overlay rendering 
includes a set of contours of common error values. 



US 2013/O 1551 O2 A1 

3. The method of claim 1 wherein identifying the position 
of the at least one location anchor on the site rendering 
includes at least one of receiving coordinates of the position 
or receiving user input identifying the position as a position 
with respect to the site rendering. 

4. The method of claim 3 further comprising: 
receiving user input specifying a limit to the estimated 

error value for at least one specified area or volume in the 
site rendering; and 

generating a set of recommended coordinates for the at 
least one location anchor, wherein the estimated error 
value is less than the limit for all positions within the at 
least one specified area or Volume. 

5. The method of claim 4 wherein a first specified area is 
associated with a first limit, wherein a second specified area is 
associated with a second limit, wherein the first limit is dif 
ferent from the second limit, and wherein the set of recom 
mended coordinates for the at least one location anchor is 
adjusted to ensure the estimated error value is less than the 
respective limit for each specified area. 

6. The method of claim 5 further comprising: 
providing a pre-existing set of location anchors; and 
generating the set of recommended coordinates using coor 

dinates of the pre-existing set of location anchors and 
adding coordinates for an additional set of location 
anchors to ensure the estimated error value is less than 
the respective limit for each specified area. 

7. The method of claim 6 further comprising providing a 
bill of materials for the additional set of location anchors. 

8. The method of claim 1 wherein identifying the position 
of the at least one location anchor on the site map includes 
receiving the position of the at least one location anchor as 
GPS coordinates. 

9. The method of claim 1 wherein determining, for the 
plurality of positions on the site rendering, the estimated error 
value of location accuracy includes: 

determining an upper bound limit as a function Euclidean 
distance to the at least one location anchor for each of the 
plurality of positions on the site rendering; and 

for each of the plurality of positions on the site rendering, 
combining each of the upper bound limits to derive the 
estimated error value. 

10. The method of claim 9 wherein the function of Euclid 
ian distance is based on received signal strength and wherein 
determining the upper bound limit and the estimated error 
value for each of the plurality of positions on the site map is 
based on determining a mean value RSSI, an expected Stan 
dard deviation of RSSI, and an upper bound on the RSSI as a 
function of the Euclidian distance. 

11. The method of claim 10 wherein determining the upper 
bound limit includes using the Euclidean distance to deter 
mine an expected average RSSI and using the expected aver 
age RSSI to determine the upper bound limit, wherein the 
upper bound limit depends on a user input specifying a 
desired level of confidence in location accuracy. 

12. The method of claim 9 wherein the function of Euclid 
ean distance is based on time of flight and wherein determin 
ing the upper bound limit and the estimated error value for 
each of the plurality of positions on the site rendering is based 
on determining a mean value of time of flight, an expected 
standard deviation of time of flight, and an upper bound of 
time of flight as a function of the Euclidean distance. 
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13. The method of claim 10 wherein the mean value of 
RSSI and the expected standard deviation of RSSI are based 
on measurements obtained in an RF site Survey at a plurality 
of positions at the site. 

14. The method of claim 10 wherein the mean value of 
RSSI and the expected standard deviation of RSSI are based 
on an RF propagation model that takes into account a pres 
ence of equipment and buildings at the site. 

15. The method of claim 10 further comprising receiving 
user input specifying a desired level of confidence in location 
accuracy, and using the user input to determine the upper 
bound on the RSSI. 

16. The method of claim 15 wherein a value of a number of 
RSSI standard deviations is used to determine the upper 
bound on the RSSI. 

17. The method of claim 1 further comprising: 
determining a second position of the at least one location 

anchor on the site rendering based on user input; 
determining, for the plurality of positions on the site ren 

dering, a second estimated error value of location accu 
racy as a function of position on the site rendering; 

generating a second contour map of the second estimated 
error value of location accuracy for the plurality of posi 
tions on the site rendering; and 

displaying the second contour map. 
18. The method of claim 17 further comprising: 
identifying a position of a second location anchor on the 

site rendering; 
determining, for the plurality of positions on the site ren 

dering, a second estimated error value of location accu 
racy as a function of position on the site rendering; 

generating a second contour map of the second estimated 
error value of location accuracy for the plurality of posi 
tions on the site rendering; 

displaying the second contour map: 
generating an inventory of contour maps; and 
determining a cost before moving the at least one location 

anchor, a cost after moving the at least one location 
anchor, a cost before adding the second location anchor, 
and a cost after adding the second location anchor. 

19. The method of claim 1 further comprising generating a 
bill of materials for the at least one location anchor at the site. 

20. The method of claim 1 wherein each of the estimated 
error values includes one of a worst case error value or an 
average error value. 

21. A system comprising: 
executable control Software stored on a non-transitory 

computer readable medium; and 
at least one programmable processor for: 

identifying a position of a plurality of location anchors 
on a site rendering; 

determining, for a plurality of positions on the site ren 
dering, an estimated error value of location accuracy 
as a function of distance from each of the plurality of 
location anchors; and 

generating an overlay rendering of the estimated error 
values of location accuracy for the plurality of posi 
tions on the site rendering. 

22. The system of claim 21 further comprising a graphical 
user interface for displaying the overlay rendering. 

23. The system of claim 21 further comprising user inputs 
for adding, moving, or deleting at least one of the plurality of 
location anchors. 
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24. A method comprising: 
determining an accuracy of a location estimate for each of 

a plurality of locations on a site rendering; 
generating an overlay rendering visually displaying the 

determined accuracy of the location estimate for each of 
the plurality of locations on the site rendering; and 

communicating the overlay rendering to a user. 
25. The method of claim 24 wherein determining the accu 

racy of the location estimate for each of the plurality of 
locations on the site rendering includes determining an RSSI 
for each of the plurality of locations on the site rendering as a 
function of distance from a plurality of location anchors. 
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