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(57) ABSTRACT 

A personal navigation system, including: at least one inertial 
sensor module associated With a user, the inertial sensor mod 
ule comprising at least one sensor to generate location data 
associated With the user; a communication device to receive 
and/or transmit at least a portion of the location data; and an 
onsite computer to communicate With the communication 
device and receive at least a portion of the location data; 
Wherein at least one of the inertial sensor module and the 
onsite computer is con?gured to determine at least one activ 
ity of the user based at least in part upon the location data; 
Wherein the onsite computer is programmed to con?gure a 
display including a representation of the user based at least in 
part upon the location data; Wherein at least one of the deter 
mination and the con?guration is performed substantially in 
real-time. 
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PERSONAL NAVIGATION SYSTEM AND 
ASSOCIATED METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority from 
provisional Patent Application No. 61/229,824, ?led Jul. 30, 
2009, the contents of Which are incorporated herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to the ?eld of 
navigation and/ or position tracking. In particular, the present 
disclosure is directed to a personal navigation system that 
uses foot-mounted inertial sensors and associated methods. 

[0004] 2. Description of the Related Art 
[0005] Personal navigation and tracking systems are being 
developed today for use in any number of applications. In one 
example, personal navigation and tracking systems may be 
useful in military applications for tracking and directing the 
movements of military personnel during military practice 
maneuvers and/or military battle?eld environments. In 
another example, personal navigation and tracking systems 
may be useful in ?eld service applications for tracking ?eld 
service personnel and/or a ?eet of vehicles that have been 
dispatched into the ?eld. In yet another example, personal 
navigation and tracking systems may be useful in ?rst 
responder applications for tracking and directing the posi 
tions of, for example, laW enforcement personnel at the scene 
of a crime or accident, ?re?ghters at the scene of an accident 
or ?re, and/ or emergency medical services (EMS) personal at 
the scene of an accident. 

[0006] With respect to ?rst responder applications, ?re 
?ghters have lost their lives because of the lack of effective 
indoor navigation and tracking systems. As a result, there is 
particular interest in developing effective navigation and 
tracking systems for indoor use. While navigation and track 
ing systems for outdoor use have been effectively imple 
mented using, for example, satellite-based navigation sys 
tems, such as Global Positioning System (GPS) technology, 
traditional systems for navigating indoors, such as Within a 
building, are generally costly or ineffective. For example, the 
installation and operating costs associated With an installed 
base of radio frequency markers Within a building are sub 
stantial barriers not readily overcome. In addition, poor 
reception of radio frequency navigation signals Within a 
building, such as that used by satellite-based navigation sys 
tems, precludes Widespread acceptance. 
[0007] More speci?cally, indoor environments pose par 
ticular challenges With respect to implementing navigation 
and tracking systems. For example, signal transmission in 
indoor environments may be characteriZed by the presence of 
re?ections, attenuation, loW signal to noise ratio, and signal 
multipath effects; all of Which may decrease tracking accu 
racy and may prevent signal acquisition all together. Further, 
multiple story buildings pose additional obstacles for track 
ing, as they require three-dimensional positioning. 
[0008] Another type of navigating system is an inertial 
navigation system (INS), Which is a navigation aid that uses a 
computer and motion sensors to continuously calculate via 
dead reckoning the position, orientation, and velocity of a 
moving object Without the need for external references. 
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[0009] An INS includes at least a computer and a platform 
or module containing accelerometers, gyroscopes, or other 
motion-sensing devices. A typical INS is initially provided 
With its position and velocity from another source (a human 
operator, a GPS satellite receiver, etc.), and thereafter com 
putes its oWn updated position and velocity by integrating 
information received from the motion sensors. The advantage 
of an INS is that it requires no external references in order to 
determine its position, orientation, or velocity once it has 
been initialiZed. 
[0010] Inertial navigation systems are used in many differ 
ent moving objects, including vehicles, aircraft, submarines, 
spacecraft, and guided missiles. HoWever, their components 
siZe, cost, and complexity places constraints on the environ 
ments in Which INS is practical for use. 
[0011] A further shortcoming of inertial navigation sys 
tems is that they suffer from “integration drift.” For example, 
small errors in the measurement of acceleration and angular 
velocity are integrated into progressively larger errors in 
velocity, Which is compounded into still greater errors in 
position. This is a problem that is inherent in every open loop 
control system. Since the neW position is calculated solely 
from the previous position, these errors are cumulative, 
increasing at a rate roughly proportional to the time since the 
initial position Was input. Therefore the position ?x must be 
periodically corrected by input from some other type of navi 
gation system. The inaccuracy of a good-quality navigational 
system may be as much as 0.6 nautical miles per hour in 
position and on the order of tenths of a degree per hour in 
orientation. 
[0012] In vieW of the shortcomings of the aforementioned 
navigation and tracking systems, a need exists for neW 
approaches to personal navigation and tracking. In particular, 
a need exists for a practical and cost-effective personal navi 
gation and tracking system that is highly accurate and reliable 
in any environment and that is suitable for use in any appli 
cation, such as, but not limited to, military applications and 
?rst responder applications. 

SUMMARY OF THE INVENTION 

[0013] Therefore and generally, the present invention is 
directed to a personal navigation system and associated meth 
ods that address or overcome some or all of the de?ciencies 
present in knoWn and existing systems and methods. 
[0014] In one preferred and non-limiting embodiment, the 
present invention provides a personal navigation system, 
including: at least one inertial sensor module associated With 
a user, the inertial sensor module including at least one sensor 
con?gured to generate location data associated With the user. 
A communication device is con?gured to receive and/or 
transmit at least a portion of the location data, and an onsite 
computer is con?gured to communicate With the communi 
cation device and receive at least a portion of the location 
data. The at least one of the inertial sensor module and/or the 
onsite computer is con?gured to determine at least one activ 
ity of the user based at least in part upon the location data, and 
the onsite computer is programmed to con?gure a display 
including a representation of the user based at least in part 
upon the location data. Further, the determination and/or the 
con?guration is performed substantially in real-time. 
[0015] In another preferred and non-limiting embodiment, 
the present invention provides a method of determining the 
location of a user Wearing an inertial sensor module on at least 
one foot. The method includes: generating, by the inertial 
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sensor module, raW location data; determining at least one 
activity of the user based at least partially upon the raW 
location data; applying activity-speci?c error correction to 
the raW location data to generate corrected location data; 
transmitting the corrected location data to an onsite computer 
substantially in real-time; and con?guring a real-time graphi 
cal representation of the user based at least partially upon the 
corrected location data. 
[0016] In a still further preferred and non-limiting embodi 
ment, the present invention provides a personal navigation 
system including at least one onsite computer having a com 
puter readable medium having stored thereon instructions, 
Which, When executed by a processor of the computer, causes 
the processor to: receive location data generated by at least 
one sensor of at least one inertial sensor module located on the 

foot of a user; process the location data to determine at least 
one activity of the user based at least in part upon the location 
data; and render, on a display and substantially in real-time, a 
graphical representation of the user based at least partially 
upon the received location data. 
[0017] These and other features and characteristics of the 
present invention, as Well as the methods of operation and 
functions of the related elements of structures and the com 
bination of parts and economies of manufacture, Will become 
more apparent upon consideration of the folloWing descrip 
tion and the appended claims With reference to the accompa 
nying draWings, all of Which form a part of this speci?cation, 
Wherein like reference numerals designate corresponding 
parts in the various ?gures. It is to be expressly understood, 
hoWever, that the draWings are for the purpose of illustration 
and description only and are not intended as a de?nition of the 
limits of the invention. As used in the speci?cation and the 
claims, the singular form of “a”, “an”, and “the” include 
plural referents unless the context clearly dictates otherWise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a functional block diagram of an example 
of a personal navigation system, according to the principles of 
the present invention; 
[0019] FIG. 2A is a functional block diagram of an example 
of an inertial module of the personal navigation system, 
according to the principles of the present invention; 
[0020] FIG. 2B is a perspective vieW of an example physi 
cal implementation of the inertial module of the personal 
navigation system, according to the principles of the present 
invention; 
[0021] FIG. 3A is a functional block diagram ofan example 
of a personal communication device of the personal naviga 
tion system, according to the principles of the present inven 
tion; 
[0022] FIG. 3B is a perspective vieW of an example physi 
cal implementation of the personal communication device of 
the personal navigation system, according to the principles of 
the present invention; 
[0023] FIG. 4A is a functional block diagram of an example 
of an onsite computer of the personal navigation system, 
according to the principles of the present invention; 
[0024] FIG. 4B is a perspective vieW of an example physi 
cal implementation of the onsite computer of the personal 
navigation system, according to the principles of the present 
invention; 
[0025] FIG. 5 is a How diagram of an example ofa method 
of operation of the personal navigation system, according to 
the principles of the present invention; 
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[0026] FIGS. 6A and 6B represent graphs of example 
results of error correction that is performed using the personal 
navigation system, according to the principles of the present 
invention; 
[0027] FIGS. 7-10 shoW a main menu, Which is an example 
menu of the application softWare of the personal navigation 
system, and a sequence of tracking certain subjects, accord 
ing to the principles of the present invention; 
[0028] FIGS. 11-13 shoW another vieW of the main menu of 
the application softWare of the personal navigation system, 
according to the principles of the present invention; and 
[0029] FIG. 14 shoWs an example of other vieWs that may 
be displayed via certain menus of the application softWare of 
the personal navigation system, according to the principles of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] For purposes of the description hereinafter, the 
terms “en ”, “upper”, “loWer”, “right”, “left”, “vertical”, 
“horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and 
derivatives thereof shall relate to the invention as it is oriented 
in the draWing ?gures. HoWever, it is to be understood that the 
invention may assume various alternative variations and step 
sequences, except Where expressly speci?ed to the contrary. It 
is also to be understood that the speci?c devices and processes 
illustrated in the attached draWings, and described in the 
folloWing speci?cation, are simply exemplary embodiments 
of the invention. Hence, speci?c dimensions and other physi 
cal characteristics related to the embodiments disclosed 
herein are not to be considered as limiting. Further, it is to be 
understood that the invention may assume various alternative 
variations and step sequences, except Where expressly speci 
?ed to the contrary. 
[0031] The present disclosure describes a personal naviga 
tion system that uses foot-mounted inertial sensors and asso 
ciated methods. The foot-mounted inertial sensors are Worn 
by individuals Who are the subjects of the navigation and/or 
tracking process. In particular, by use of certain algorithms 
and improved error correction processes, accurate location 
data along With activity types (e.g., Walking, running, craWl 
ing, climbing, rappelling, jumping, falling, riding an elevator, 
and riding an escalator) may be transmitted Wirelessly from 
the foot-mounted inertial sensors to man-Worn communica 
tion devices using short range radio technology. Subse 
quently, this information is transmitted from the man-Wom 
communication devices to an onsite computer via long range 
radio technology. Application softWare on the onsite com 
puter acquires and processes the location data and activity 
information of one or more subjects and renders a graphical 
representation of the activity that is taking place at the scene, 
all in real time. 
[0032] An aspect of the personal navigation system and 
associated methods of the present disclosure is that it is 
capable of accurately and reliably tracking one or more sub 
jects indoors and/or outdoors in real time. 
[0033] Another aspect of the personal navigation system 
and associated methods of the present disclosure is that it is 
capable of identifying the type of activity (e.g., Walking, 
running, craWling, climbing, rappelling, jumping, falling, 
riding an elevator, and riding an escalator) of the one or more 
subjects in real time. 
[0034] Another aspect of the personal navigation system 
and associated methods of the present disclosure is that once 
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the type of activity is identi?ed, activity-speci?c error correc 
tion is applied to the raW location data of the inertial sensors 
in order to generate corrected location data that accurately 
indicates the location of the subjects Wearing the inertial 
sensors. 

[0035] Yet another aspect of the personal navigation system 
and associated methods of the present disclosure is that it is 
capable of accurately and reliably rendering a graphical rep 
resentation of the activities of the one or more subjects in real 
time. In this Way, a comprehensive visualiZation of the activ 
ity that is taking place at the scene is provided. 
[003 6] Yet another aspect of the personal navigation system 
and associated methods of the present disclosure is that data 
processing occurs locally at the devices Worn by the subjects 
of the navigation and/or tracking process. As a result, rather 
than transmitting large volumes of raW data, the results only 
of the data processing are transmitted from these devices to 
the onsite computer in real time. In this Way, the data band 
Width requirements of the personal navigation system are 
optimiZed. 
[0037] Still another aspect of the personal navigation sys 
tem and associated methods of the present disclosure is that it 
is loW complexity and loW cost. 
[0038] While the folloWing description of the personal 
navigation system of the present disclosure is provided in the 
context of a ?rst responder application (e.g., for tracking 
?re?ghters in or near a building), this is exemplary only. The 
personal navigation system of the present disclosure is not 
limited to use in ?rst responder applications only. Rather, the 
personal navigation system of the present disclosure may be 
used in any navigation and/or tracking application in any 
indoor or outdoor environment. Further, the personal naviga 
tion system of the present disclosure is not limited to the 
tracking of persons; it is also suitable for tracking objects. 
[0039] FIG. 1 illustrates a functional block diagram of an 
example of a personal navigation system 100, according to 
the present disclosure. Personal navigation system 100 is an 
example of an inertial navigation system (INS) that is char 
acteriZed by (1) its ability to accurately and reliably track one 
or more subj ects indoors and/ or outdoors in real time, (2) its 
ability to identify the type of activity of the one or more 
subjects in real time, (3), its ability to accurately and reliably 
render a graphical representation of the activities of the one or 
more subjects in real time, and (4) its loW complexity and loW 
cost. 

[0040] Personal navigation system 100 includes the com 
bination of inertial sensor devices and a communication 
device, both of Which are Wearable by the subject of the 
navigation and/or tracking operations of the system. For 
example, one or more subjects 110 may be associated With 
personal navigation system 100, Where each subject 110 may 
be any individual Who is the subject of the navigation and/or 
tracking operations of the system. In one example, in the 
context of a ?rst responder application, each subject 110 may 
be a ?re?ghter that is being tracked in or near a building at the 
scene of an incident. Each subject 110 that is associated With 
personal navigation system 100 is Wearing an inertial sensor 
module 112. 
[0041] Inertial sensor module 112 is a foot-mounted device 
that houses one or more inertial sensors (e.g., one or more 

accelerometers and gyroscopes), along With control electron 
ics and software. Preferably, inertial sensor module 112 is 
mounted on the footgear of each subject 110 and beloW the 
ankle of each subject 110. Inertial sensor module 112 may be 
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mounted on the footgear of each subject 110 via, for example, 
a strap or harness or by integration into the footgear itself. The 
control electronics and softWare of inertial sensor module 112 
is able to process the raW location data (i.e., raW xyZ coordi 
nates) in order to (1) determine the type of activity of the 
respective subject 110 and (2) apply activity-speci?c error 
correction to the raW data in order to generate “corrected” 
location data (i.e., corrected xyZ coordinates) that accurately 
indicates its location. Additionally, inertial sensor module 
112 has short range radio capability for transmitting any data 
thereof. More details of an example of an inertial sensor 
module 112 are described With reference to FIGS. 2A and 2B. 

[0042] Each subject 110 associated With personal naviga 
tion system 100 is also Wearing a personal communication 
device 114. Preferably, personal communication device 114 
has both short range and long range radio capability. For 
example, the short range radio capability of personal commu 
nication device 114 is able to receive data from inertial sensor 
module 112 that is also being Worn by each subject 110. 
Additionally, the long range radio capability of personal com 
munication device 114 is able to communicate With any other 
computing device that is not in its close range vicinity. For 
example, each personal communication device 114 is able to 
transmit the data received from its corresponding inertial 
sensor module 112 along With any other data to, for example, 
an onsite computer 116. In this Way, the combination of an 
inertial sensor module 112 and a personal communication 
device 114 Worn by each subject 110 provides the means for 
supplying accurate location information of the subject to any 
interested parties at the scene of the incident. More details of 
an example of a personal communication device 114 are 
described With reference to FIGS. 3A and 3B. 

[0043] Onsite computer 116 may be any computing device 
that is capable of processing and executing program instruc 
tions. Onsite computer 116 may be generally any device 
including, or connected to, a processor and a user interface. 
Preferably, onsite computer 116 is a portable computing 
device, such as a handheld computer, laptop computer, or 
tablet device. 

[0044] Onsite computer 116 may be used by any individual 
Who, for example, is overseeing and/or directing the activities 
associated With personal navigation system 100. Continuing 
the example of a ?rst responder application, onsite computer 
116 may be used by a commander 118. In this example, 
commander 118 may be the incident commander at, for 
example, the scene of a ?re and Who is overseeing and/ or 
directing the activities of subjects 110, Who may be ?re?ght 
ers. Onsite computer 116 has radio communication capability 
for receiving/transmitting data from/to one or more personal 
communication devices 114. Further, residing on onsite com 
puter 116 is a softWare application for processing in real time 
any information received from personal communication 
devices 114 and rendering a graphical representation of the 
activities of subjects 110 at the scene, also in real time. More 
details of an example of an onsite computer 116 are described 
With reference to FIGS. 4A and 4B. 

[0045] FIG. 1 also shoWs a reference point 120, Which is a 
common reference point to Which all inertial modules 112 of 
personal navigation system 100 are initialiZed. Reference 
point 120 is the “origin” or 0,0,0 point of a local three 
dimensional (3D) coordinate system 122 that is established in 
relation to inertial modules 112 of personal navigation system 
100 during an initialiZation process. 
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[0046] FIG. 2A illustrates a functional block diagram of an 
example of inertial sensor module 112 of personal navigation 
system 100, according to the present disclosure. In this 
example, inertial sensor module 112 includes control elec 
tronics 210 that may further include a processing unit 212 and 
poWer management circuitry 214. Processing unit 212 may be 
any standard controller or microprocessor device that is 
capable of executing program instructions, such as those from 
control softWare 224 of inertial sensor module 112. Process 
ing unit 212 is used to manage the overall operations of 
inertial sensor module 112. PoWer management circuitry 214 
may be any circuitry for performing poWer management 
functions of inertial sensor module 112. In one example, 
poWer management circuitry 214 provides poWer regulation 
and may be used for recharging a battery 21 6 of inertial sensor 
module 112. Preferably, battery 216 is a rechargeable battery, 
but may, alternatively, be a non-rechargeable battery. 
[0047] Generally, control electronics 210 may be used to 
manage data acquisition operations, data transmission opera 
tions, device poWer up and doWn sequences, initialiZation 
processes, and the acquisition of a 0,0,0, reference point, such 
as reference point 120 of FIG. 1. 

[0048] Inertial sensor module 112 includes a set of inertial 
sensors 220. For example, inertial sensors 220 may include 
one or more electromagnetic sensors, multi-axis accelerom 
eters, gyroscopes, magnetometers, and the like. Inertial sen 
sors 220 may be implemented as small, loW cost Micro Elec 
tro Mechanical Systems (MEMS) devices, rather than the 
large expensive military grade sensors. Even though there 
may be a signi?cant amount of “drift error” associated With 
the small, loW cost MEMS devices, their use is made possible 
by certain error correction processes of control softWare 224 
of inertial sensor module 112 that alloW any inaccuracy in the 
readings from the MEMS devices to be suf?ciently error 
corrected. This is otherWise not possible in existing inertial 
navigation systems. RaW data 222 represents the raW, unproc 
essed readings of inertial sensors 220. 

[0049] Inertial sensors, such as inertial sensors 220, include 
those that measure force and from it develop acceleration, 
velocity, and displacement. One type of inertial sensor is an 
accelerometer. Accelerometers are sensing transducers that 
provide an output proportional to acceleration, vibration, and 
shock. An accelerometer is a device for measuring accelera 
tion and gravity-induced reaction forces. A multi-axis accel 
erometer (e.g., 3-axis accelerometer) is able to detect magni 
tude and direction of the acceleration as a vector quantity. The 
acceleration may be expressed in terms of g-force, Which is a 
measurement of an obj ect’s acceleration. Another type of 
inertial sensor is a gyroscope. A gyroscope is an inertial 
device that reacts to a change in orientation and can be used 
either to maintain the orientation or to report a change in the 
orientation. 

[0050] Control softWare 224 may include, for example, a 
Zero velocity updates (ZUPT) algorithm 226 for analyZing 
raW data 222 of inertial sensors 220, then determining certain 
activity types 228, and then applying activity-speci?c error 
correction values 230 in order to generate corrected location 
data 232. For example, the process that is performed by ZUPT 
algorithm 226 may be based on the systems and methods for 
measuring movement that are described With reference to 
US. Pat. No. 5,724,265, ?led Dec. 12, 1995, entitled “System 
and method for measuring movement of objects,” US. Pat. 
No. 5,899,963, ?led Jun. 17, 1997, entitled “System and 
method for measuring movement of objects,” US. Pat. No. 
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6,122,960, ?led Dec. 16, 1998, entitled “System and method 
for measuring movement of objects,” US. Pat. No. 6,305, 
221, ?led Jun. 14, 1999, entitled “Rotational sensor system,” 
and any combinations thereof and, thus, the disclosures of 
these patents are incorporated herein in their entirety. 
[0051] By Way of example, the ’221 patent describes a 
device that measures the distance traveled, speed, and height 
jumped of a person While running or Walking. Accelerometers 
and rotational sensors are placed in the sole of one shoe along 
With an electronic circuit that performs mathematical calcu 
lations to determine the distance and height of each step. A 
radio frequency transmitter sends the distance and height 
information to a WristWatch or other central receiving unit. A 
radio frequency receiver in the WristWatch or other unit is 
coupled to a microprocessor that calculates an output speed 
based upon step-distance and elapsed time, and the distance 
traveled of the runner from the sum of all previous step 
distances. The output of the microprocessor is coupled to a 
display that shoWs the distance traveled, speed, or height 
jumped of the runner or Walker. 
[0052] The process that is performed by ZUPT algorithm 
226, Which may be based on the ’265, ’963, ’960, and/or ’221 
patents, may include, but is not limited to, the folloWing steps. 
[0053] Step liContinuously analyZe raW data 222 of iner 
tial sensors 220 in order to detect the presence of tWo condi 
tions occurring simultaneously. The ?rst condition to be 
detected is the minimum of the acceleration norm in 3 axes, 
Which is measured using, for example, the 3-axis accelerom 
eter of inertial sensors 220. That is, if the resultant vector of 
the 3 axes is the norm, the minimum of the acceleration may 
be detected. The second condition to be detected is the mini 
mum angular velocity norm, Which is measured using, for 
example, the gyroscope of inertial sensors 220. 
[0054] Step 2iDetect the “quiescent point” for the tWo 
aforementioned quantities. When both the acceleration norm 
and the angular velocity norm are at minimum at the same 
time, this is hereafter referred to as the “quiescent point” in 
time. This quiescent point is based on the placement of iner 
tial sensor module 112 at the foot of each subj ect 110, as the 
foot is the only part of the body that stops for any activity (e. g., 
Walking, running, craWling, climbing, rappelling, jumping, 
falling, riding an elevator, and riding an escalator). Therefore, 
the detection of the “quiescent point” indicates the foot stop 
ping. 
[0055] Step 3iMeasuring any motion of inertial sensors 
220 that is present at the “quiescent point” in time indicates 
the drift error of the sensors. In this Way, the drift error of the 
sensors is determined. The drift error can then be subtracted 
out of the reading to achieve a precise dynamic measurement. 
Therefore, once the “quiescent point” in time is detected, a 
process that may be referred to as Zero velocity updates, or 
ZUPT, may be triggered. 
[0056] Step 4iIn the ZUPT process, raW data 222 of iner 
tial sensors 220 is further analyZed in order to determine the 
orientation of the subject 110’s foot. 
[0057] Step 54Once the orientation of the subject 110’s 
foot has been determined, the orientation of the foot may be 
correlated to a certain type of activity. For example, activity 
types 228 of ZUPT algorithm 226 may contain the correlation 
of foot orientation to activity type. The types of activities that 
may be correlated in activity types 228 may include, but are 
not limited to, Walking, running, craWling, climbing, rappel 
ling, jumping, falling, riding an elevator, riding an escalator, 
and the like. 
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[0058] Step 6iOnce the activity type has been determined, 
ZUPT algorithm 226 may apply other veri?cation processes 
in order to ensure that the type of activity has been determined 
correctly. 
[0059] Step 7iBecause the error correction may be differ 
ent for each activity type, once the type of activity is deter 
mined, predetermined activity-speci?c error correction may 
be applied. For example, the contents of activity-speci?c 
error correction values 230 may include unique error correc 
tion values for walking, unique error correction values for 
running, unique error correction values for crawling, unique 
error correction values for jumping, and so on. These activity 
speci?c error correction values may be empirically deter 
mined and characterized in advance according to the ’265, 
’963, ’960, and/or ’221 patents. 
[0060] Referring again to the aforementioned process steps 
of ZUPT algorithm 226, because a “quiescent point” occurs 
with each footstep of a certain subject 110, ZUPT may be 
applied at each footstep and, therefore, the drift error of 
inertial sensors 220 is corrected at each footstep of subject 
110. The result is corrected location data 232 for each inertial 
sensor module 112. Corrected location data 232 includes 
activity type information as well as location information. 
Further, corrected location data 232 may include timestamp 
information provided by processing unit 212 and a device ID 
for identifying the source of the information. 

[0061] Inertial sensor module 112 further includes a com 
munication interface 234, which may be used for transmitting 
corrected location data 232 to an external device, including 
onsite computer 116. Communication interface 234 may be 
any wired and/or wireless communication interface by which 
information may be exchanged with other devices. Examples 
of wired communication interfaces may include, but are not 
limited to, USB ports, RS232 connectors, RJ45 connectors, 
Ethernet, and any combinations thereof. Examples of wire 
less communication interfaces may include, but are not lim 
ited to, an Intranet connection, Internet, Bluetooth® technol 
ogy, Wi-Fi, Wi-Max, IEEE 802.11 technology, radio 
frequency (RF), Infrared Data Association (IrDA) compatible 
protocols, Local Area Networks (LAN), WideArea Networks 
(WAN), Shared Wireless Access Protocol (SWAP), any com 
binations thereof, and other types of wireless networking 
protocols. 
[0062] Preferably, communication interface 234 of inertial 
sensor module 112 includes short range radio capability, such 
as a short range radio 236 that is based on, for example, 
Bluetooth® or Zigbee technology, which use the short-dis 
tance wireless communications standard based on the IEEE 
802.15.4 standard. For each subject 110, short range radio 
236 facilitates a wireless personal area network (PAN) 
between his/her inertial sensor module 112 and his/her per 
sonal communication device 114. 

[0063] FIG. 2B illustrates a perspective view of an example 
physical implementation of inertial sensor module 112 of 
personal navigation system 100, according to the present 
disclosure. For example, inertial sensor module 112 may be 
packaged in a housing 250, such as shown in FIG. 2B. Hous 
ing 250 may have any attributes needed to operate in a hostile 
environment. For example, housing 250 may be rugged, 
waterproof, heat resistant, dust resistant, and so on. The shape 
of housing 250 is suitable to be foot-mounted and, in particu 
lar, to be suitably anchored in substantially the same position 
relative to the foot at all times. 
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[0064] FIG. 3A illustrates a functional block diagram of an 
example of personal communication device 114 of personal 
navigation system 100, according to the present disclosure. In 
this example, personal communication device 114 includes 
control electronics 310 that may further include a processing 
unit 312 and power management circuitry 316. Processing 
unit 312 may be any standard controller or microprocessor 
device that is capable of executing program instructions. Pro 
cessing unit 312 is used to manage the overall operations of 
personal communication device 114. Power management cir 
cuitry 316 may be any circuitry for performing power man 
agement functions of personal communication device 114. In 
one example, power management circuitry 316 provides 
power regulation and may be used for recharging a battery 
318 of personal communication device 114. Preferably, bat 
tery 318 is a rechargeable battery, but may, alternatively, be a 
non-rechargeable battery. 
[0065] Generally, control electronics 310 may be used to 
manage data acquisition operations, data transmission opera 
tions, device power up and down sequences, initialiZation 
processes, and so on. 

[0066] Control electronics 310 may also include an input 
devices interface 314 for connecting (wired or wirelessly) to 
any number and types of input devices 315. Input devices 315 
may be any devices worn by subjects 110 and/or incorporated 
into or associated with the equipment of subjects 110. For 
example, input devices 315 may include environmental sen 
sors, such as, but not limited to, temperature sensors, light, 
sensors, humidity sensors, and the like. Input devices 315 
may include equipment sensors, such as, but not limited to, 
the PASS alarm or the air pressure sensor of the air tank of a 
?re?ghter. Input devices 315 may include biological sensors 
for monitoring the health status of subjects 110, such as, but 
not limited to, a blood pressure sensor, a perspiration sensor, 
a heart rate sensor, and the like. Input devices 315 may 
include other devices, such as, but not limited to, a digital 
camera and a digital audio recorder. 

[0067] Personal communication device 114 includes local 
memory 320 for storing, for example, device data 322, which 
includes any readings returned from input devices 315. Eur 
ther, device data 322 may include timestamp information 
provided by processing unit 312 and a device ID for identi 
fying the source of the information. Also stored in memory 
320 may be corrected location data 232 that is received from 
inertial sensor module 112, as described in FIG. 2A. Because 
corrected location data 232 and device data 322 include 
timestamp and device ID information, they may be correlated 
by any data processing application. 
[0068] Personal communication device 114 further 
includes a communication interface 323, which may be used 
for exchanging information with inertial sensor module 112 
and any other external device, such as onsite computer 116. 
Communication interface 323 may be any wired and/ or wire 
less communication interface by which information may be 
exchanged with other devices. Examples of wired communi 
cation interfaces may include, but are not limited to, USB 
ports, RS232 connectors, RJ45 connectors, Ethernet, and any 
combinations thereof. Examples of wireless communication 
interfaces may include, but are not limited to, an Intranet 
connection, Internet, Bluetooth® technology, Wi-Fi, 
Wi-Max, IEEE 802.1 1 technology, RF, IrDA compatible pro 
tocols, LAN, WAN, SWAP, any combinations thereof, and 
other types of wireless networking protocols. 












