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(57) ABSTRACT 

Systems and methods for monitoring equilibrium of a user are 
presented. A stability monitoring device in a shoe insole area 
utilizes pressure sensors to measure pressure information in 
real-time. The pressure information is transmitted over an RF 
network to a device for analyzing the pressure information 
and calculating postural state information including the cur 
rent postural state, next postural state, and/or a range of pos 
tural stability. The person or a third party may be noti?ed if 
the postural state information indicates an unstable state. 
Additionally, the postural state information may be analyzed 
to determine activity level of the user, diagnostic information, 
or performance information. Metrics may be displayed by the 
system for assisting physical therapy or training regimens. 
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METHODS AND SYSTEMS FOR SENSING 
EQUILIBRIUM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. Provisional Appli 
cation No. 60/990,817 (Attorney Docket No. MIT-007PR), 
?led Nov. 28, 2007, hereby expressly incorporated by refer 
ence in its entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates, in general, to sensing 
equilibrium in a person, and more particularly, to using sen 
sors in footWear to sense and display equilibrium informa 
tion. 

BACKGROUND OF THE INVENTION 

[0003] While some people have excellent posture, many 
people have poor posture. Poor posture can lead to postural 
instability as a person ages and/or When the person is injured. 
Other causes for postural instability include the return of a 
person from a Zero gravity environment, a lack of exercise, 
and/or an injury. While a person’s postural stability may be 
measured in a lab environment currently, the high cost, lim 
ited availability, and inability to gather data throughout daily 
activities limits access to such devices for posture measure 
ment for a majority of the population. As such, analysis for 
many segments of the population that Would otherWise ben 
e?t from detection and correction of postural stability is not 
obtained. Hence, there is a need for improved methods and 
systems in the art. 

BRIEF SUMMARY OF THE INVENTION 

[0004] Embodiments of the present invention provide 
devices, systems, and methods for determining equilibrium in 
a user. Some embodiments of the present invention comprise 
a device including input sensors and a communications mod 
ule. In one embodiment the input sensors and the communi 
cations module are housed in a shoe insole. In an alternate 
embodiment, the input sensors and the communications mod 
ule are housed in an article of footWear such that the input 
sensors are in the insole portion of the article of footWear. 
Embodiments of the communications module may be con?g 
ured to read the input sensors and transmit the sensor infor 
mation to an external device over a communications link such 
as, for example, a Bluetooth Wireless netWork. 
[0005] Some embodiments of the present invention 
describe systems comprising an article of footWear including 
pressure sensors, a ?rst communications module coupled 
With the pressure sensors, a second communications module 
coupled With the ?rst communications module, a stability 
processing module, a postural analysis module, and a display 
device. The ?rst communications module reads the pressure 
sensors and transmits the pressure information to the second 
communications module. The second communications mod 
ule receives the pressure information and relays the informa 
tion to the stability processing module. The stability process 
ing module determines postural stability metrics and may 
display the postural stability metrics on the display device. 
[0006] In one embodiment, a method for determining equi 
librium in a user may include using pressure sensors to sense 
pressure at different locations under a persons feet. The 
method may further include transmitting the pressure infor 
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mation and receiving the pressure information. The method 
may then include calculating the current postural state, the 
next postural state, and/or a range of postural stability. Fur 
ther, the method may include notifying the person or a third 
party monitoring person if the next postural state meets a 
predetermined condition. 
[0007] In an alternate embodiment a method for determin 
ing equilibrium in a user may include the steps of receiving 
pressure information from one or more pressure sensors and 

calculating a range of postural stability from the pressure 
information. The method may further include receiving addi 
tional pressure information from the pressure sensors and 
calculating the next postural state of a person using the pres 
sure information and the range of postural stability. Further, 
the method may include notifying the person and/or a third 
party monitoring person if the next postural state meets a 
predetermined condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram illustrating a system for 
measuring postural stability using a pressure sensing device, 
according to one embodiment of the present invention. 
[0009] FIG. 2 is a block diagram illustrating a pressure 
sensing device in a shoe insole, according to one embodiment 
of the present invention. 
[0010] FIG. 3 is a block diagram illustrating components of 
a communications module used in a pressure sensing appa 
ratus, according to one embodiment of the present invention. 
[0011] FIG. 4A is a block diagram illustrating example 
equilibrium safe Zones of postural stability, according to one 
embodiment of the present invention. 
[0012] FIG. 4B is a block diagram illustrating an example 
punctuated equilibrium, according to one embodiment of the 
present invention. 
[0013] FIG. 5 is a block diagram illustrating a state diagram 
for calculating the next postural state from one or more past 
postural states, according to one embodiment of the present 
invention. 
[0014] FIG. 6 is a block diagram illustrating a system for 
measuring postural stability using a pressure sensing shoe 
insole, according to one embodiment of the present invention. 
[0015] FIG. 7 is a block diagram illustrating a system for 
measuring postural stability using a pressure sensing shoe 
insole, according to one embodiment of the present invention. 
[0016] FIG. 8 is a block diagram illustrating a system for 
measuring postural stability using a pressure sensing scale or 
mat, according to one embodiment of the present invention. 
[0017] FIG. 9 is a block diagram illustrating a pressure 
sensing device contained in a shoe, according to one embodi 
ment of the present invention. 
[0018] FIG. 10 is a block diagram illustrating a pressure 
sensing device contained in a horseshoe, according to one 
embodiment of the present invention. 
[0019] FIG. 11 is a block diagram illustrating a shoe insole 
apparatus for measuring postural stability, according to one 
embodiment of the present invention. 
[0020] FIG. 12 is a block diagram illustrating methods for 
measuring equilibrium in a user and notifying the user of 
unstable posture, according to one embodiment of the present 
invention. 
[0021] FIG. 13 is a block diagram illustrating methods for 
determining the next postural state of a person based on 
pressure information, according to one embodiment of the 
present invention. 
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[0022] FIG. 14 is a block diagram illustrating components 
of a computing device used in a system for measuring pos 
tural stability, according to one embodiment of the present 
invention. 
[0023] In the appended ?gures, similar components and/or 
features may have the same reference label. Further, various 
components of the same type may be distinguished by fol 
loWing the reference label by a letter designation that distin 
guishes among the similar components. If only the ?rst ref 
erence label is used in the speci?cation, the description is 
applicable to any one of the similar components having the 
same ?rst reference label. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] In general, aspects of the present invention relate to 
methods and systems for monitoring a person’s postural state 
(e.g., standing, falling, etc.). The postural state information 
can be used to notify the person and/ or a third party monitor 
ing person if the person’s postural state indicates a stable 
state, an unstable state, compromised state (e.g., drunken 
ness, hypoxia, sprained appendage, broken appendage, etc.) 
and/ or a partially stable state. Additionally the postural state 
information can be used to calculate metrics regarding pos 
tural stability and display the metrics to the person and/or a 
third party. 
[0025] Speci?c details are given in the description to pro 
vide a thorough understanding of various embodiments of the 
present invention. It Will be apparent, hoWever, to one skilled 
in the art that embodiments of the present invention may be 
practiced Without some of these speci?c details. In other 
instances, Well-knoWn structures and devices Will be shoWn 
Without unnecessary detail in order to avoid obscuring the 
embodiments. 
[0026] The ensuing description provides exemplary 
embodiments only and is not intended to limit the scope, 
applicability, or con?guration of the disclosure. Rather, the 
ensuing description of the exemplary embodiments Will pro 
vide those skilled in the art With an enabling description for 
implementing an exemplary embodiment. It should be under 
stood that various changes may be made in the function and 
arrangement of elements Without departing from the spirit 
and scope of the invention as set forth in the appended claims. 
[0027] Furthermore, circuits, systems, netWorks, pro 
cesses, and other components may be shoWn as components 
in block diagram form in order not to obscure the embodi 
ments in unnecessary detail. In other instances, Well-knoWn 
circuits, processes, algorithms, structures, and techniques 
may be shoWn Without unnecessary detail in order to avoid 
obscuring the embodiments. 
[0028] Also, it is noted that individual embodiments may 
be described as a process Which is depicted as a ?owchart, a 
?oW diagram, a data ?oW diagram, a structure diagram, or a 
block diagram. Although a ?owchart may describe the opera 
tions as a sequential process, many of the operations can be 
performed in parallel or concurrently. In addition, the order of 
the operations may be re-arranged. A process is terminated 
When its operations are completed, but could have additional 
steps not included in a ?gure. A process may correspond to a 
method, a function, a procedure, a subroutine, a subprogram, 
etc. When a process corresponds to a function, its termination 
can correspond to a return of the function to the calling 
function or the main function. 
[0029] According to one embodiment of the present inven 
tion, FIG. 1 is exemplary of a system 100 for monitoring a 
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person’s postural stability. In the exemplary embodiment, the 
system comprises pressure sensing devices 120a and 12019 
(generally 120) Worn by a person 110, and a computing 
device 140. Pressure sensing devices 120 measure and trans 
mit pressure information over a communications link 130 to 
computing device 140. In one embodiment pressure sensing 
devices 120 are pieZoelectric force sensors. In some embodi 
ments, computing device 140 is a special purpose device 
designed to be used in stability monitoring system 100. In 
alternate embodiments computing device 140 is a general 
purpose device such as a personal computer, laptop, PDA or 
smart phone. Merely by Way of example, communications 
link 130 is shoWn as a radio frequency (RF) link, but it Will be 
appreciated that communications link may comprise any type 
of Wired or Wireless link knoWn in the art. 

[0030] FIG. 2 illustrates one embodiment of pressure sens 
ing devices 120. In the exemplary embodiment, pressure 
sensing devices 120 comprise shoe insoles 210a and 21019 
(generally 210) Which include input sensors 220a and 22019 
(generally 220) and communication modules 240a and 24019 
(generally 240). In an alternative embodiment, instead of 
shoe insoles a scale (e.g., a medical scale), a mat, a ski boot, 
a ski, or any other footWear may be used to house sensors 
220a and 22019 as Well as communications modules 240a and 
24019. The input sensors 220 measure sensor information (eg 
pressure information, etc.). The sensor information is trans 
mitted from the input sensors 220 to the communications 
modules 240. For example the input sensors 220 may be 
pressure sensors, and transmission from the input sensors 220 
to the communications module 240 can be via Wires (not 
shoWn) embedded in the insole 210. Merely by Way of 
example, the input sensors may be FlexiForce® PieZoresis 
tive Load/ Force Sensors made by Tekscan, Inc., global posi 
tioning sensors (GPS), accelerometers, gyrometers, etc. 
[0031] In one embodiment, a mat and/or medical scale may 
house sensors 220a and 22019 as Well as communications 
modules 240a and 24019 in order to capture and transmit 
pressure data and, therefore, gather equilibrium data about a 
person, according to aspects of the present invention. For 
example, a patient With balance, coordination, and other equi 
librium problems may be placed on the medical scale or mat, 
and a medical professional may monitor the patient’s equi 
librium. The medical professional Would receive detailed 
real-time information about the patient’s balance, coordina 
tion, and equilibrium, and accordingly make a medical diag 
nosis. Furthermore, the medical professional can take correc 
tive action based on the gathered data to ?x problems With the 
patient’s balance, coordination, and/or equilibrium. Further 
more, each of the embodiments of the present invention 
described herein can be implemented using such a mat or 
scale described above as opposed to using footWear, or the 
like. 

[0032] The shoe insoles 210 may be manufactured from 
suitable insole materials including, Without limitation, foam, 
rubber, plastic, cork, and/ or other materials suitable for shoe 
insole construction. It Will be appreciated that the material 
selection may be determined from factors, including Without 
limitation, durability, ?exibility, and/ or protection of internal 
components. 
[0033] The communications modules 240 may read the 
input sensors 220, generate sensor information, and transmit 
the sensor information to the computing device 140. The 
communications modules 240 may optionally buffer the sen 
sor information before transmitting it to the external device. 
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The communications modules 240 may transmit the data to 
computing device 140 using communications link 130. The 
communications link may be a Radio Frequency link (RF), an 
infrared link, a Wi-Fi link, a USB link, a FireWire link, or any 
other Wired or Wireless link knoWn in the art. Additionally, the 
communications modules may optionally perform other pro 
cessing steps on the sensor information before transmitting 
the sensor information to the computing device 140 (eg 
linearity correction, data transform, etc.). 
[0034] While the exemplary shoe insoles shoWn in FIG. 2 
have tWo input sensors 220 per insole 210, one in the forefoot 
and one in the heel, it may be desirable to have any number of 
input sensors in each insole, placement of input sensors in a 
variety of locations, and possibly different numbers of input 
sensors in each insole. It may be appreciated that the number 
of input sensors 220 used in the pressure sensing device 120 
may determine the dimensionality of information from the 
input sensors 220. For example, one pressure sensor in each 
insole Would provide one dimension of pressure information 
indicating center of mass in the left to right direction, While 
tWo pressure sensors per insole, one in the heel and one in the 
forefoot Would provide tWo dimensions of pressure informa 
tion indicating the center of mass relative to both the left to 
right and anterior to posterior directions. It Will be appreci 
ated by one skilled in the art that sensor number and position 
may be adapted for various applications that require different 
dimensionality of postural stability information. 
[0035] FIG. 3 shoWs a simpli?ed block diagram of one 
embodiment of communications module 240. As illustrated, 
communications module 240 may contain one or more sensor 

biasing circuits 305, one or more sensor measuring circuits 
310, processing circuit 315, and communications circuit 320. 
The communications module 240 also may optionally 
include program memory 325 and/or buffer memory 330. 
Sensor biasing circuit 305 may contain ampli?ers and/or 
other active or passive components required to provide exci 
tation, linearity compensation, and/or gain of the input sen 
sors 220 for the required sensitivity. Communications module 
240 may have one sensor biasing circuit for each input sensor 
220. It Will be appreciated that communications module 240 
may comprise one or more integrated circuits (e. g. microcon 
troller, etc.), and/ or discrete components on a printed circuit 
board, a ?exible printed circuit board, or other electronic 
packaging technology. A poWer source such as a battery may 
be attached by any suitable arrangement for providing poWer 
to the circuits of the communications module 240. In addi 
tion, energy harvesting may be used as an alternative energy 
source. 

[0036] In the exemplary embodiment described above, sen 
sor measuring circuit 310 samples the output of the input 
sensors 220 driven by sensor biasing circuits 305 and pro 
duces digital data values. Sensor measuring circuit 310 may 
have an internal timing circuit to determine the sampling 
frequency, or alternately the sampling frequency may be 
determined by processing device 315. Processing circuit 315 
receives the digital data values from the sensor measuring 
circuit 310, can Write and read pressure data values from 
buffer memory 330, and transfer pressure data values to com 
munications circuit 320. Processing circuit 315 may Write the 
pressure data values to buffer memory 330 for a predeter 
minedperiod of time, or until buffer memory 330 has received 
a certain quantity of pressure data values, at Which time 
processing circuit 315 may read a quantity of pressure data 
values from buffer memory 330 and transfer the quantity of 
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pressure data values to communications circuit 320. Commu 
nications circuit 320 may receive the pressure data values 
from processing device 315 and transmit the pressure data 
values over communications link 130 to computing device 
140. For example, buffer memory 330 may be a 256 MB 
memory, and processing circuit 315 may Write the pressure 
data values to buffer memory 330 until buffer memory 330 is 
at full capacity or close to full capacity (eg 90% capacity, 
95% capacity, etc.), at Which time processing circuit 315 
reads the pressure data values previously Written to buffer 
memory 330 and transfers the pressure data values to com 
munications circuit 320 to be transmitted over communica 
tions link 130 to computing device 140. It Will be appreciated 
that design considerations such as buffer memory siZe, poWer 
consumption, system cost, and/or communications link 
parameters may be considered in determining the quantity of 
pressure data values stored and/or the period of time that data 
values are stored in buffer memory 330 before the transmis 
sion of a quantity of data values by communications circuit 
320. 

[0037] Sensor measuring circuit 310 may contain analog to 
digital converters (ADCs), timers, and other discrete or inte 
grated components used to convert the analog output of the 
input sensors 220 to digital data values. Processing circuit 
315 can comprise any general purpose processor, a micropro 
cessor, and/ or other suitably con?gured discrete or integrated 
circuit elements. Program memory 325 may be any type of 
non-volatile storage medium including solid-state devices 
such as EPROM, EEPROM, FLASH, MRAM, or similar 
components for data storage. Buffer memory 330 may be any 
type of volatile or non-volatile storage element including 
solid-state devices such as DRAM, SRAM, FLASH, MRAM, 
or similar components for data storage. Communications cir 
cuit 320 may transmit and receive data over any type of 
communications link, for example, communications circuit 
320 may comprise a Wireless transceiver utiliZing an RF 
netWork such as a Bluetooth netWork. Communications cir 
cuit 320 may include authentication capability to limit trans 
fer of pressure information from insoles of one person to only 
authoriZed devices. Additionally communications circuit 320 
may encrypt data before transmission in order to prevent 
unauthorized access of the information. 

[0038] In an illustrative embodiment of stability measure 
ment device 120, the input sensors 220 are pieZoresistive 
force sensors connected by Wires in insole 210 to the com 
munications module 240. The communications module 240 
may contain sensor biasing circuits 305 Which provide exci 
tation voltage and ampli?cation to the pieZoresistive force 
sensors 220, resulting in a force to voltage conversion. Sensor 
measuring circuits 310 may sample the analog sensor output 
at a sampling rate of 100 HZ and produce digital pressure 
information. The digital pressure information may be stored 
in a non-volatile buffer memory 330 and periodically read by 
processing circuit 315 and transmitted by communications 
circuit 320 to computing device 140 over a Bluetooth netWork 
130. In alternate embodiments, other types of input sensors 
220 may be used, different sample rates may be used, another 
type of communications link 130 may be used, other types of 
buffer memory 330 may be used, etc. as may be desirable in 
a particular embodiment. 

[0039] Computing device 140 contains instructions on a 
machine readable medium to receive the pressure information 
from the pressure sensing device 120 and determine postural 
state information. In some examples, computing device 140 
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determines the current postural state by calculating the center 
of force of the person. Additionally computing device 140 
may calculate the next postural state. Computing device 140 
may utiliZe a Hidden Markov Model (HMM) calculation to 
determine the current and/ or next postural state. The HMM 
calculation utiliZes a set of probabilities for each postural 
state to determine the next postural state. If the next postural 
state is stable, then computing device 140 continues to moni 
tor the person. If the next postural state is unstable, then 
computing device 140 may notify and/or alert the person 
and/ or a third party of such instability. 

[0040] In some examples, the determination of the next, 
current, and/ or past postural states utiliZes a posterior decod 
ing algorithm, a Bayesian segmentation, a graphical model, a 
choice-point method, and/ or any other type of algorithm that 
classi?es time periods into static and/or dynamic periods. A 
dynamic Bayesian netWork can be, for example, utiliZed to 
determine the next and/or past postural states based on the 
current postural state. 

[0041] In other examples, the determination of the next, 
current, and/or past postural states utiliZes a forWard algo 
rithm, a Viterbi algorithm, a forWards-backWards algorithm, 
Baum-Welch algorithm, and/or any other type of algorithm 
that classi?es time periods into static and/ or dynamic periods. 
The forWards-backWards algorithm or Viterbi algorithm can 
be, for example, utiliZed to determine the probability of the 
next state (e.g., dynamic, equilibrium). The Baum-Welch 
algorithm can be, for example, utiliZed to determine the range 
of postural stability and/or the probabilities of transitioning 
betWeen states. In some examples, the HMM calculation 
determines the next state, the current state, and/ or one or more 
past states (e.g., ?ve, ten). The HMM calculation can be, for 
example, utiliZed to determine the probabilities of the 
sequence of the past states, the current state, and/or the next 
state. The sequence of the past states can be, for example, 
utiliZed to calculate the probability of the next state. 

[0042] The computing device 140 may perform postural 
analysis using the postural state information to monitor, track, 
and/or notify the person regarding their postural states. The 
postural analysis can, for example, comprise storing the pos 
tural state information for historical analysis by the person 
being monitored and/ or a third party monitoring person (e.g. 
doctor, physical therapist, personal trainer, etc.). In some 
examples the postural analysis can comprise determining 
metrics including activity information (e. g. Walking, running, 
sitting, equilibrium and dynamic states (Which highlight the 
punctuated nature of, for example, standing), etc.), perfor 
mance information (e.g., time spent Walking, time spent run 
ning, etc.), and/or fatigue information (e. g. time spent close to 
outer range of postural stability, time spent close to center of 
postural stability, etc.). In other examples the postural analy 
sis can comprise generating diagnostic information (e.g., 
limp, lameness, neural condition, muscular condition, vision 
related condition, etc.), a statistic (e.g. percentage of time 
running, percentage of time sitting, etc.), a score (eg number 
of falls per day, average number of falls per month, etc.), a 
simulation (e. g. With increased physical therapy Will the num 
ber of falls decrease, With increased training can the athlete 
distribute his/her mass better, etc.), and/ or any other type of 
metric based on the stored postural state information. The 
computing device 140 can display the metric information, the 
statistic, the score, and/ or the simulation for use by the person 
being monitored and/or the third party utiliZing the display 
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device. The computing device can alternately store the metric 
information, the statistic, the score, and/or the simulation for 
further analysis. 
[0043] In some examples, computing device 140 deter 
mines the range of postural stability for a person utiliZing 
pressure sensing device 120. The range of postural stability 
can be, for example, unique for the person since the range of 
postural stability can be affected by age, activity level, pos 
tural stance, Weight, medical history, and/or any other factor 
that can affect a person’s posture. In other examples, the range 
of postural stability is determined based on sensor informa 
tion Which is stored by the computing device 140. The range 
of postural stability can be determined, for example, by pro 
cessing the stable postural states to determine the range of 
stable postural states. The determination of the range of the 
postural stability can occur, for example, in real-time While 
the user is Wearing the pressure sensing device 120. In some 
examples, the range of postural stability is based on a person’s 
center of gravity. A person’s center of gravity can vary, for 
example, in a range because a human can be modeled as an 
inverted pendulum in Which an upright stance is an unstable 
equilibrium. Since small natural center of mass deviations 
(e.g., breathing, limb movements, head movement) can dis 
rupt the equilibrium, then the pendulum (i.e., the person) can 
tip over Without appropriate sensory-motor control. Gener 
ally, standing posture utiliZes subconscious sensory feedback 
mechanisms (e.g., vision, tactile sensations, vestibular 
organs) to maintain upright stance (i.e., a stable postural 
state). An advantage of determining the postural stability of a 
person is that the person can have a real-time readout of their 
capacity to balance at any given point in time. Alternatively, 
the device may be used to determine postural stability and 
balance in robots, animals (e.g., horses, donkeys), etc. 
[0044] Although FIG. 1 illustrates the computing device 
140 associated With the person 110 that is associated With the 
sensor information, the computing device 140 can be utiliZed 
by a third party (e.g. doctor, physical therapist, personal 
trainer, etc.) to track the postural states of the person (e.g., a 
patient, an athlete, etc.). In one embodiment, the computing 
device 140 may be used by the third parties to track the 
progress of a patient as the patient relearns and/or re?nes 
skills such as standing, Walking, and/or running. 
[0045] In some examples, the range of postural stability is 
pre-determined for the person based on preset parameters. 
For example, there can be preset parameters based on a per 
son’s age, Weight, height, activity level, and/or any other type 
of parameter associated With posture. In some examples, the 
range of postural stability is a global optimum. The global 
optimum indicates, for example, that there is a single optimal 
point for upright posture. If a person is not at the optimum, 
then the person’s body alWays directs the person toWards the 
optimum. 
[0046] In other examples, the range of postural stability is a 
safe Zone. FIG. 4A illustrates an example safe Zone 405 With 
center of force from left-foot to right-foot plotted on the 
X-axis and center of force in the anterior to posterior direction 
plotted on the Y-axis. The safe Zone can be, for example, a 
Zone of upright posture. Inside this Zone, a person is stable 
With regard to postural stability and a person moves around 
this Zone at random. Every person can, for example, have a 
safe Zone. The safe Zone for every person can be, for example, 
unique from other safe Zones as illustrated by safe Zones 410, 
and 415 for other persons. 
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[0047] In some examples, the range of postural stability is 
a punctuated equilibrium. The punctuated equilibrium can be, 
for example, a safe Zone with a constant turnover of transient 
equilibria. The transient equilibria form, persist, and dissipate 
following control failure (e.g., not in equilibrium, including 
falling down). Following a control failure, a new equilibria 
forms and control is restored. FIG. 4B illustrates an exem 
plary punctuated equilibrium 420. In punctuated equilibrium 
420, a ?rst transient equilibria 430 forms, persists, and dissi 
pates through dynamic trajectory 435, momentarily leaving 
punctuated equilibrium 420, but returning to a second tran 
sient equilibria 440. Subsequently, the second transient equi 
libria 440 dissipates through dynamic trajectory 445, leading 
to a third transient equilibria 450. Third transient equilibria 
450 persists and dissipates through dynamic trajectory 455 
leading to escape from punctuated equilibrium 420. Further 
more, dynamic trajectories may lead to new equilibria (i.e., 
“escape” trajectories) and while other dynamic trajectories 
lead back to the old equilibrium (i.e., non-escape dynamic 
trajectories, or “retum” trajectories). One way to determine 
the difference between the two types of dynamic trajectories 
is that if a dynamic trajectory starts and ends in roughly the 
same place, then it is a “return” trajectory, otherwise it is an 
“escape” trajectory. 
[0048] It may be desirable to determine the probabilities of 
transition between postural states. The probabilities can be, 
for example, determined based on the stored sensor informa 
tion and/or the range of postural stability. For example, the 
HMM calculation utiliZes various states (e.g., current state, 
one or more past states) and the probabilities of the hidden 
states (e. g., current state, one or more past states) to determine 
the next postural state. FIG. 5 illustrates an example ?owchart 
for determining the probability of the next postural state, 
according to one embodiment of the present invention. For 
example, if FIG. 5 is utiliZed in conjunction with Table l and 
Table 2, then the probability of the next postural state can be 
determined. Si, Si+1,Sl-+2, and Si+3 represent the states and Q, 
Oi+ 1, 0H2, and 0H3 represent the possible observations. 

TABLE 1 

Emission Probabiliy 

s. 

Equilibrium Dynamic 

01- Fast Velocity 0.2 0.7 
Slow Velocity 0.8 0.3 

TABLE 2 

Transition Probabilig 

s. 

Equilibrium Dynamic 

S,- Equilibrium 0.98 0.02 
Equilibrium 0.32 0.68 

[0049] In some examples, the observation OZ. 510 is utiliZed 
with the past states (e.g., S1_l, SE2, SE3, etc. (not shown)) and 
the probabilities of the sequence of the past states to deter 
mine the probability of the current state S,- 505. The probabili 
ties of the observation 0,- 510 in the emission probability, 
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Table l, and the transition probability, Table 2, can be, for 
example, utiliZed together to determine the probability of the 
current state S,- 505 and/or the next state Si+1 515. For 
example, if the past four states were in equilibrium, then the 
probability that the current state will stay in equilibrium, the 
probability that the current state will change to dynamic, and 
the probability of the state associated with the observation are 
all utiliZed to determine the current state and/ or the next state. 

As another example, if the sequence of the past four states is 
equilibrium, dynamic, equilibrium, and equilibrium, then the 
probability of these transitions in relation to each other, the 
probability of the current state changing or staying the same 
(in this example, equilibrium), and the probability of the state 
associated with the observation are utiliZed to determine the 
current state and/ or the next state. An advantage is that the 
context of the transitions and/or no transitions between the 
past states is utiliZed to determine the next state thereby 
providing the calculation with a history. In some examples, 
the dynamic state represents three possible outcomes. The 
three possible outcomes are return to present equilibrium, 
transition to new equilibrium, or falling down. In other 
examples, the observations include sitting, standing, kneel 
ing, lying down, falling, and/ or any other postural position of 
a person. In yet other examples, the observations (e.g., OZ.) 
include any type of observation of postural state (e.g., falling, 
standing, running, walking, etc.). In some examples, velocity 
includes the center of mass velocity for the structure. The 
center of mass velocity can be, for example, measured by the 
input sensors (e.g., pressure sensors). The slow velocity and 
fast velocity can be, for example, relative such that what is 
slow for one person is fast for another, slow at one time is fast 
at another, etc. 
[0050] As another example, the HMM calculation utiliZes 
various states and the probabilities of the next hidden state to 
determine the next postural state. For example, if FIG. 5 is 
utiliZed in conjunction with Table 3 and Table 4, then the 
probability of the next postural state can be determined. In 
some examples, the computing device 140 analyZes the range 
of postural stability to determine the current postural state 
and/or the next postural state. If the received pressure infor 
mation is within set parameters of the range (e.g., 25% to 
75%, 10% to 90%), then the stability processing module will 
determine that the next postural state is equilibrium (e.g., 
equilibrium running, equilibrium walking, equilibrium 
standing, etc.). If the received pressure information is not 
within the set parameters of the range, then the stability 
processing module will determine that the next postural state 
is dynamic (e. g., dynamic falling, dynamic walking, dynamic 
standing, etc.). In other examples, the probabilities of two or 
more possible next postural states are the same and/or sub 
stantially similar, so the next postural state cannot be deter 
mined. In these examples, the computing device 140 pro 
cesses the input information received from the input sensors, 
the range of postural stability, and/ or the current postural state 
to determine the next postural state. In some examples, the 
computing device 140 processes the input information 
received from the input sensors, the range of postural stabil 
ity, the current postural state, and/ or the next postural state to 
determine if activity (e.g., alarm, email, noti?cation, etc.) 
should be initiated based on the processing. In other 
examples, the processing applies one or more rules to deter 
mine if a condition occurs. For example, the person entered a 
dynamic state more than ten times in a thirty minute period. 
As another example, the person has been in a dynamic state 
















