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SYSTEMAND METHOD FOR 
CONSTRUCTING DSTANCE ESTMATE 
MODELS FOR PERSONAL NAVIGATION 

BACKGROUND 

0001. The safety and efficiency of coordinating teams, 
Such as firefighters and first responders working in complex 
and dynamic environments, can be significantly enhanced 
through situational awareness (SA). A key challenge in SA is 
determining the position and orientation (pose) of individuals 
with respect to a common frame of reference, which helps 
coordinate the actions of team members. A common approach 
is to use the Global Positioning System (GPS) satellite net 
work to track each person's location. Unfortunately, the most 
challenging emergency scenarios often occur in areas that 
preclude the use of GPS due to partial or total signal disrup 
tion and multi-path effects (for example, inside buildings, in 
mines and caves, underwater, or in an urban canyon). When 
GPS is unavailable, personal navigation Solutions based on 
inertial measurements from a body-mounted inertial mea 
Surement unit (IMU) can provide position and orientation 
information. However, unaided IMU-based personal naviga 
tion Solutions quickly accumulate errors due to the integra 
tion of both sensor noise and bias. One method for aiding an 
IMU-based personal navigation Solution is to incorporate 
other sensors (for example, a compass) into the personal 
navigation system. However, the incorporation of other sen 
sors increases the size, weight, power requirements, and com 
plexity of the navigation platform. 
0002 For the reasons stated above and for other reasons 
stated below which will become apparent to those skilled in 
the art upon reading and understanding the specification, 
there is a need in the art for improved systems and methods for 
constructing distance estimate models for personal naviga 
tion. 

SUMMARY 

0003. The Embodiments of the present invention provide 
methods and systems for constructing Distance Estimate 
Models for personal navigation and will be understood by 
reading and studying the following specification. 
0004. In one embodiment, a distance estimation system 
comprises: a gait information memory configured to store 
gait information about a gait mode; a biometric data memory 
configured to store a biometric profile for a user, a frequency 
module configured to identify agait frequency; and a distance 
calculation module configured to calculate the distance trav 
eled by the user by creating a distance estimate model based 
on the gait mode, the biometric profile, and the gait frequency, 
wherein the distance calculation module creates the distance 
estimate model by performing a regression analysis on move 
ment information from at least one user. 

DRAWINGS 

0005 Embodiments of the present disclosure can be more 
easily understood and further advantages and uses thereof 
more readily apparent, when considered in view of the 
description of the preferred embodiments and the following 
figures in which: 
0006 FIGS. 1A and 1B are respectively a block diagram 
and flow chart for an exemplary distance estimation system of 
one embodiment of the present invention: 
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0007 FIG. 2 is a flowchart of an exemplary method for 
acquiring training data of one embodiment of the present 
invention; 
0008 FIG. 3 is a block diagram illustrating an exemplary 
personal navigation system of one embodiment of the present 
invention; 
0009 FIG. 4 is a flowchart of an exemplary method of one 
embodiment of the present invention; 
0010 FIG. 5 is a flowchart of an exemplary method of one 
embodiment of the present invention; 
0011 FIG. 6 is a block diagram of an extended Kalman 

filter framework of one embodiment of the present invention; 
and 
0012 FIG. 7 depicts an example of accelerometer data for 
a person walking in one embodiment of the present invention. 
0013. In accordance with common practice, the various 
described features are not drawn to scale but are drawn to 
emphasize features relevant to the present disclosure. Refer 
ence characters denote like elements throughout figures and 
text. 

DETAILED DESCRIPTION 

0014. In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
and in which is shown by way of specific illustrative embodi 
ments in which the present disclosure may be practiced. 
These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the present disclo 
Sure, and it is to be understood that other embodiments may 
be utilized and that logical, mechanical, electrical, and 
method changes may be made without departing from the 
scope of the present disclosure. The following detailed 
description is, therefore, not to be taken in a limiting sense. 
Further, the various sections of this specification are not 
intended to be read in isolation but considered together with 
the teachings of the written description as a whole. 
0015 IMU based personal navigation systems typically 
accumulate errors during operation due to integration of both 
noise and sensor bias. Embodiments of the present disclosure 
provide a distance estimation system derived from human 
gait models, which can reduce personal-navigation-system 
pose errors by constraining the estimated motion of a person. 
A human gait model defines the body motion as a function of 
parameters, such as gait mode, frequency, and biometric 
information. These models are employed to Supply distance 
measurements to an estimator (for example, an extended Kal 
man filter) to reduce the errors that arise in an IMU-based 
personal navigation system. 
0016 FIG. 1A is a block diagram of a distance estimation 
system 100 for estimating the distance traveled by a user. 
Distance estimation system 100 includes a memory 102 con 
figured to store information used by distance estimation sys 
tem 100. Memory 102 includes a biometric data 105 which 
includes biometric information about one or more individual 
persons who will use a device in which distance estimation 
system 100 is utilized. The phrase “biometric information, as 
used herein, includes information that describes an individu 
al’s physical characteristics. For example, biometric informa 
tion includes height, leg length, thigh length, arm length, 
weight, gender, and the like. As people exhibit different gait 
patterns, biometric data 105 can parameterize the gait varia 
tions among individuals. 
(0017 Memory 102 also includes gait information 107. 
Gait information 107 includes details about a person's gait 
















