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1
SYSTEM, METHODAND APPARATUS FOR
PROVIDING NAVIGATIONAL ASSISTANCE

PRIORITY CLAIM

This patent application is a non-provisional application of
USS. patent application 60/689,728 filed on Jun. 10, 2005

entitled System, Method and Apparatus for Providing Navi-
gational Assistance, which is hereby incorporated by refer-

encein its entirety.

STATEMENT REGARDING FEDERALLY

SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
RO1 DKO016089 awarded by The National Institutes of

Health. The governmenthascertain rights in the invention.

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field of

navigationalaids, and moreparticularly, to a system, method
and apparatus for providing navigation assistance through

sensory supplementation.

BACKGROUND OF THE INVENTION

Without limiting the scope of the invention, this back-

ground is described in connection with navigational aids.
Approximately eight million Americansreport having some

form oflow-vision definedby difficulty reading print material
in a typical newspaperwith corrective lenses (McNeil, 2001).

Commoncausesoflow-vision include (butare notlimited to)

macular degeneration, glaucoma, and diabetic retinopathy.
For example, someone whohas age-related macular degen-

eration may loose vision in the central three degrees of their
visual field with the remaining portion of their visual field

remaining intact. For people with low-vision, independent
navigation and way finding remainsa challenge.

Indoor pedestrian mobility can be broken down into two

fundamental processes: obstacle avoidance and wayfinding.
Obstacle avoidance is the process of maneuvering around

objects within the navigator’s immediate vicinity. Although
obstacle avoidanceis a challenge for someone whois blind or

has low-vision, typically they can use their residual vision, a

long cane, guide dog or a variety of other obstacle avoidance
mechanismsto navigate around obstacles. Furthermore, Pelli

(1987) investigated the effect of reduced vision on obstacle
avoidance behavior and found that even with significant

reduction ofvisual information subjects were able to maneu-
ver around objects withlittle difficulty.

For most people with vision loss the primary obstacle to

independent mobility lies in the problem ofwayfinding in an
unfamiliar building. Navigating through a familiar building,

such as their home,or the building in which they work, does
not pose much of a challenge for someone with low-vision.

This is because they have generated a cognitive map (Tolman,
1948) ofthe environmentor an internal representation ofthis

large-scale space. The primary challenge lies in when some-

one with a visual deficit visits an unfamiliar building.

Many research scientists and engineers have recognized

the challenges faced by low-vision navigators. Recently with
the public use of global positioning system (GPS) signals,

researchers have developed navigation aids for outdoornavi-

gation (e.g., Golledge, Loomis, Klatzky, Flury, &Yang, 1991;
Golledge, Klatzky, Loomis, Speigle, & J., 1998; Loomis,

Golledge, & Klatzky, 2001, 1999). These systems(e.g., GPS
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2
and GPS Talk) can be used to localize the user within a
large-city, provide instructions to reach a specific destination

in addition to providing information about local points of

interests (e.g., “the Museum of Modern Art is to yourleft”).
GPSsystems have generated a great deal of excitement and

have proven to be effective. However, the utility of GPS-
based systems endsat the front door ofthe building due to the

fact that GPS signals are typically unavailable indoors.
Manycontemporary buildings have beenfitted with Braille

signs that identify room numbers and othersignificant land-

marks. However, the utility of these signs is marginal given
that they are difficult to localize and studies have shownthat

many low-visionorblind individualseither do not use Braille
or cannot read Braille (Blind, 1999; Goldish, 1967). These

studies suggests that not only are these low-vision navigation
aids awkward, but they maybeineffective for a large portion

of the population that they are intendedto help.

A low-vision indoornavigation aide has been developed by
Loughborough (1979) which has recently been developed

into the Talking Signs® system (Brabyn & Brabyn, 1982,
1983). The Talking Signs® system uses beaconsthat transmit

a modulated infrared light signal that generates a continuous
signal. The beacon can be placedat a potential indoordesti-

nation(e.g., a door or an elevator) outdoordestination (e.g., a

bus stop) or even on a moving bus (Marston & Golledge,
1988). The user carries a small hand-held receiver that when

pointed in the general direction of the transmitter, translates
the modulated infrared light signal into speech output.

Another low-vision navigation aid is the Verbal Land-
marks® system, which also uses aseries ofbeaconssimilar to

the Talking Signs® beacons. Verbal Landmarks® beacons

use an inductive loop system that is activated when a portable
receiver is within range (approximately 5 feet). When acti-

vated, a verbal message, the Verbal Landmarks® can be
heard, however the Verbal Landmarks® system signal is non-

directional, therefore, the auditory messages for the Verbal

Landmarks® are usually different than those used for the
Talking Signs®. The Talking Signs® typically announcethe

room numberorlandmark (“Bus Stop”) and allowsthe user to
use this information to navigate. By contrast, theVerbal Land-

marks® will give instructions to specific goal states (e.g.,
“The bathroom is North 5 steps andto the right” as described

in, Bentzen & Mitchell, 1995).

Bentzen and Mitchell (1995) investigated the efficacy of
Talking Signs® versus Verbal Landmarks® in a real environ-

ment(at the Annual Convention for the American Council of
the Blind held in a hotel conference center). In these studies,

Bentzen and Mitchell (1995) participants were given a col-
lection ofroutes to follow during the conference. Bentzen and

Mitchell (1995) found a significant advantage in both dis-

tance traveled and the time to complete the routesfor partici-
pants that used the Talking Signs® overthose that usedVerbal

Landmarks® The work by Bentzen and Mitchell (1995)
showed empirically that Talking Signs® are a more effective

system. Although the Talking Signs® low-vision orientation
aid performedbetterthan the Verbal Landmarks® system,the

Talking Signs® system has not been accepted broadly as a

solution to the low-vision wayfinding challenge.
One reason for the lack of adoption may lie in the cost

associated with adopting the system. For example, the bea-
cons for the Talking Signs® system cost approximately

$2,000 each. If the average building required 250 beacons
(the number of beaconsinstalled at the San Francisco City

Hall) at $2,000 per beacon, the cost to retrofit an average

building would be $500,000. It should be pointed outthat for
the same amount ofmoney, one could hire a dedicated “low-

vision escort” for $25,000 per year who would wait at the
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front ofthe building and escort any low-vision visitorto their
destination for 20 years before exceedingthe costofthe initial

installation costs of the Talking Signs®. In order for a low-

vision navigation aid to be accepted by the blind and low-
vision community, most buildings should possess this tech-

nology. In order for a system to be ubiquitous, it must be
inexpensiveto install and use. The anticipated cost for adopt-

ing the system would be negligible from the perspective of
building management(onthe order of $5,000 to $10,000) and

the cost of the handheld navigation system could be on par

with a high-end digital magnifier (about $2,000).
As a result, there is a need for a system, apparatus and

method of improving navigation for low-vision, blind and
potentially, normally sighted users in unfamiliar buildings

using a navigation aid that guides andorients a user within an
unfamiliar indoor environmentand providesinstructions to a

desired location.

SUMMARYOF THE INVENTION

The present invention provides a system, apparatus and

method of improving navigation for low-vision, blind and
potentially, normally sighted users in unfamiliar buildings

using a navigation aid that guides andorients a user within an
unfamiliar indoor environmentand providesinstructions to a

desired location. The navigation aid is designed to work with

individuals who are completely blind to those who havesig-
nificant residual vision. Under some circumstances (1.e.,

super-complex buildings) the navigation aid disclosed herein
will be beneficial for individuals with normalvision(e.g., in

emergencysituations where visionis obstructed). Low-vision
navigation aids of the present invention will find mostappli-

cability under these conditions. The present invention satis-

fies the need for an effective, efficient and affordable low-
vision navigation aid that guides and localizes a user within

an unfamiliar indoor environment(e.g., an office building or
a hospital, etc.) to their goal.

The system, method and apparatus disclosed herein
requires minimal infrastructure investment and provides a

low-cost navigational aid, while solving problems with the

current art. For example, there are no widely accepted sys-
tems currently for helping someone with low-vision with the

problem of wayfinding. Wayfinding refers to the process of
navigating from onelocation within a large-scale space(e.g.,

building or a city) to another, unobservable, location. It is

different than the problem ofobstacle avoidance where a long
cane or guide dog can be used to navigate around a local

obstacle.

The present invention provides a system to assist a user to

navigate from their current unspecified location to a second
location within an environment. The system includes one or

more distance determination devices, a memory containing

environment data, user interface and a processor communi-
cably coupled to the one or more distance determination

devices, the memory andthe user interface. The processor or
distance determination device measuresthe distance traveled

by the user or from the user to one or more objects via the
distant determination devices, identifies the current location

using the distance and the environmentdata (i.e., determines

the locations where the measurements could be taken), deter-
mines a route to the second location based on the current

location and the environmentdata, and provides a directional
cue (verbalor otherwise) to the user based on the route via the

userinterface.

Thepresent invention also provides a methodfor assisting
a user to navigate from their location to a second location

within an environmentby determining a distance traveled by
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4
the user or from the user to one or more objects. The user’s
location is identified using the distance in conjunction with

the environment data. Thereafter, a route to the second loca-

tion is determined based on the current location and the envi-
ronment data, and a directional cue is provided to the user

based on the route. Note that the present invention can be
implemented as a computer program embodied on a com-

puter readable medium wherein the steps are performed by
one or more code segments.

The present invention is described in detail below with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and
advantagesofthe present invention, reference is now made to

the detailed description of the invention along with the
accompanying figures and in which:

FIG. 1 depicts a method for providing navigational assis-

tance in accordance with the present invention;
FIG. 2 depicts a method for providing navigational assis-

tance in accordance with another embodimentof the present
invention;

FIG. 3 depicts a block diagram of system or device to
provide navigational assistance with one embodimentofthe

present invention;

FIGS. 4A, 4B, 4C and 4D are simple schematics of the
low-vision navigation system in use; and

FIG. 5 displays the mean distance for subjects to reach a
target location within an unfamiliar environment in the pre-

liminary study (error bars represent 1 SEM);
FIG.6 is a graphillustrating the average distance traveled

with and without using the present invention;

FIG.7 is a graphillustrating the average distance traveled
under various conditions as a function of environmentsize;

and
FIG.8 is a graph illustrating the effect of increasing the

number of dynamic obstacles on one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using ofvarious embodiments ofthe
present invention are discussed in detail below, it should be

appreciated that the present invention provides many appli-

cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-

cussed herein are merely illustrative of specific ways to make
and use the invention and do not delimit the scope of the

invention.

To facilitate the understanding of this invention, a number

oftermsare defined below. Terms defined herein have mean-

ings as commonly understoodby a person ofordinary skill in
the areas relevant to the present invention. Terms such as “a”,

“an” and “the” are not intended to refer to only a singular
entity, but include the general class of which a specific

example maybe usedforillustration. The terminology herein
is used to describe specific embodiments ofthe invention, but

their usage does not delimit the invention, except as outlined

in the claims.

As used herein, the term “distance determination device”is

used to describe an electronic device capable of measuring
the distance betweenitself and an object or obstruction(e.g.,

a wall, door, etc.) or a device that can measure the distance

that the user has traveled. These devices typically use a laser,
sound waves, light waves, electromagnetic waves, acceler-

ometers or other detection methods knownintheart. In addi-
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tion, the term “NavAid”is used herein to describe an appa-
ratus, system and method intended for low-vision people to

use when navigating in an unfamiliar, large-scale environ-

ments (e.g., hospitals, university buildings, hotels, parks, gar-
dens, museumsand the like). Moreover, various abbrevia-

tions are used herein: Normal Vision (NV); Simulated Low-
vision (SLV); Simulated Low-visiontNavAid (SLV+NA);

Simulated Low-vision+Simulated Talking Signs (SLV+TS);
global positioning system (GPS); and Partially Observable

Markov Decision Process (POMDP).

The present invention provides a system, apparatus and
method of improving navigation for low-vision, blind and

potentially, normally sighted users in unfamiliar buildings
using a navigation aid that guides andorients a user within an

indoor environment and provides instructions reach to a
desired goal location. The navigation aid is designed to work

with individuals who are completely blind to those who have

significant residual vision. Under some circumstances(i.e.,
super-complex buildings) the navigation aid disclosed herein

will be beneficial for individuals with normalvision,e.g., in
emergencysituations were vision is obstructed. Low-vision

navigation aids of the present invention will find mostappli-
cability under these conditions. The present invention satis-

fies the need for an effective, efficient and affordable low-

vision navigation aid that guides and localizes a user within
an unfamiliar indoor environment(e.g., an office building or

a hospital, etc.) to their goal.
The system, method and apparatus disclosed herein

requires minimal infrastructure investment and provides a
low cost navigational aid, while solving problems with the

current art. For example, there are no widely accepted sys-

tems currently for aiding helping someone with low-vision
with the problem of way finding. Wayfinding refers to the

process of navigating from one location within a large-scale
space(e.g., building or a city) to another, unobservable, loca-

tion. It is different than the problem of obstacle avoidance

where alongcaneorguide dog canbe usedto navigate around
a local obstacle.

Nowreferring to FIG. 1, a method 100 for providing navi-
gational assistance in accordancewith the present invention is

shown. Method 100 assists user navigation from a current
location to a secondlocation, such as an intermediate desti-

nation or a final destination, within an environment. A dis-

tance traveled by the user or from the user to one or more
objects is determined in block 102. Note that using two or

three simultaneous measurements to objects in different
directions can improvethe speed and accuracyofthe present

invention. The distance determination can beinitiated by the
user or performed automatically (e.g., continuously, periodi-

cally or upon a trigger event, such as pointing the device or

stop moving,etc.). The one ormore objects may includea first
object located forwardofthe user, a second object located left

ofthe user, and/ora third object located right of the user. The
one or more objects can be an obstruction, a curtain, a wall, a

door or a window within the environment. The present inven-
tion identifies the locations that are consistent with the mea-

surement by referencing the environment data in block 104.

In other words, the locations are identified using the distance
(s) and an environment data. As will be described below, the

set of locationsis preferably identified using a POMDPalgo-
rithm or variation thereof. Note that other suitable algorithms

can be used. The environment data may include a digital map
of the environment and other information about the environ-

ment (e.g., historical information, delivery information,

emergency information, assistance information or informa-
tion about bathrooms, building leasing, building mainte-

nance, building management, computer access, conferences,
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6
dining, elevators, escalators, events, exits, hallways, handicap
access, Internet access, meetings, parking, public transporta-

tion, rooms, route, rooms, security, stairs, telephones or a

combination thereof).
Given the state uncertainty provided after block 104, the

present invention computesthe best directional instruction or
cue that will get the user to the destination or goal with

acceptable error in block 106. In other words, a route to the
second location is determined based on the current location

and the environmentdata. The directional instruction or cue is

provided to the user based on the route in block 108. The
directional cue may include an audio cue, a visual cue, a

tactile cue or a combination thereof. If the user arrives at the
second location with acceptable confidence, as determined in

decision block 110, the process endsor is declaredfinished in
block 112. If, however, the user has notarrived at the second

location, as determined in decision block 110, the process

returns to block 102 where a new distance is measured and the
previously described process repeats. Note that the present

invention can be implemented as a computerprogram embod-
ied on a computer readable medium wherein the steps are

performed by one or more code segments.
Referring now to FIG. 2, a method for providing naviga-

tional assistance in accordance with another embodimentof

the present invention is shown. Method 200 assists user navi-
gation from a current location to a second location, such as an

intermediate destination or a final destination, within an envi-
ronment. Information that identifies the second location is

received in block 202. A distance traveled by the user or from
the user to one or more objects is determined in block 204.

Note that using two or three simultaneous measurements to

objects in different directions can improve the speed and
accuracyofthe present invention. The distance determination

can be initiated by the user or performed automatically (e.g.,
continuously, periodically or upon a trigger event, such as

pointing the device or stop moving, etc.). The one or more

objects may include a first object located forwardofthe user,
a second object located left of the user, and/or a third object

located right of the user. The one or more objects can be an
obstruction, a curtain, a wall, a door or a window within the

environment. Note that the invention may determine whether
the distance is erroneous (e.g. caused by person in the way,

open door, transparent window,etc.).

The current location is then identified using the distance
and an environment data in blocks 206-212. As will be

described below, the current location is preferably identified
using a POMDPalgorithm or variation thereof. Note that

other suitable algorithms can be used. The environment data
mayinclude a digital map ofthe environmentandotherinfor-

mation about the environment(e.g., historical information,

delivery information, emergency information, assistance
information or information about bathrooms, building leas-

ing, building maintenance, building management, computer
access, conferences, dining, elevators, escalators, events,

exits, hallways, handicap access, Internet access, meetings,
parking, public transportation, rooms, route, rooms, security,

stairs, telephones or a combination thereof). The process may

also include receiving the environment data and/or updating
the environment data. The environment data can be stored in

a user device, a system within the environment, a guidance
server, a portable memory device or a combinationthereof.

The distance and the environment data are evaluated in
block 206 and one or more possible current locations are

generated in block 208. If more than one possible current

location is generated, as determined in decision block 210, a
directional cue is provided to the user to isolate the actual

current location from the multiple possible current locations
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in block 212. Thereafter, a distance traveled by the user or

from the user to one or more objects is determined in block

204 and the process repeats until there is only one possible

current location. Once the only one possible current location

is generated, as determined in decision block 210, a route to

the secondlocation is determined based on the current loca-

tion and the environment data in block 214, and directional
cues are providedto the user based on the route in block 216.

The directional cue may include an audio cue, a visual cue, a
tactile cue or a combination thereof. If the userarrives at the

second location, as determined in decision block 218, the
process ends in block 220. If, however, the user has not

arrived at the secondlocation, as determinedin decision block

218, the process returns to block 204 where a new distance is
measured and the previously described process repeats. One

or more steps of the present invention can occur on the guid-
ance server. For example, a portion ofthe route information to

reach the second location can be determined by the guidance
server after a communication link is established with the

guidanceserver. Note that the present invention can be imple-

mented as a computer program embodied on a computer
readable medium wherein the steps are performed by one or

more code segments.

Use of the POMDPalgorithm will now be described. The
low-vision navigation aid of the present invention includes a

method to localize and guide the subject from one location
within the environment to another using a variation of a robot

navigation algorithm that uses partially observable Markov

decision processes (POMDP Kaelbling, Cassandra, &
Kurien, 1996; Kaelbling, Littman, & Cassandra, 1998; Cas-

sandra, Kaelbling, & Littman, 1994; Stankiewicz, Legge, &
Schlicht, 2001). The present invention may use any algorithm

that generates an array of possible locations based on an
observation and take subsequent observations to determine

the location of the user. The POMDPalgorithm is an appli-

cation of Bayes’ Rule using the POMDP model parameters
and is given by:

Pr(o|s’, a)! Pr(s’|s, a)Pr(s|b)

Pr(b’|b, a, 0.) =<A ume
x Pr(ols”, a)Pr(s”|s, a)Pr(s|b)

Asthe user executes the suggested navigation commands

and takes distance measurements, the belief about their loca-

tion in the building will change, depending on manyfactors,
such asthelikelihood they accurately executed the action and

the accuracy of the distance measurementthey receive. It is
precisely dueto the actions and measurements being prone to

errors that there is rarely complete certainty about the current
location.

The POMDP model predominantly includes conditional

probability estimates. One group of conditional probabilities
helps to model the movement dynamics, such as the probabil-

ity of some resulting state s', given the currentstate is s and

action a wastaken: i.e., Pr(s'ls, a). The other group of condi-
tional probabilities deals with the measurements, or more

generally, the “observations.” The probability of some obser-
vation 0, giventhat the currentstate is s' and action a was just

completed is modeled:i.e., Pr(ols', a). The goal oflocalization
is to produce andestimate,b, for the current location,s', given

the previous estimate, b, the previous action, a, and thelatest

observation, o. The derivation and further discussion about
this belief state update computation can be found in POMDP

related work (Sondik, 1971; Striebel., 1965; Astrom, 1965;
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8
Cassandra et al., 1994). Given a particular belief vector over
all of the states in the environment, the model needs to com-

pute the best action to generate. The equation below shows

the basic form ofthe value iteration function for choosing the
bestaction. In this function, the model is computing the action

a from the set of actions (A) that maximizes the expected
value for the current beliefb (V(b)). In this function, p(b,a) is

the immediate reward for generating action a given the cur-
rent belief b. The model does not just consider the immediate

rewards, but also considers the long term rewards. In this

function the model computesthe likelihood oftransitioning
from onebeliefvector (b) to another (b') given that action a is

executed (t(b,a,b')). The model then considers the expected
value of being in the new belief state b' (V(b')).

db, a, BV)V(b) = max[a a+ |
aca ben

In one embodiment,the navigation aid ofthe present inven-
tion includesa laser range finder, a POMDPalgorithm imple-

mented on a computer and a digital map of the building. In

such a case, the present invention uses measurements taken
with the laser range finder from the user’s position to the

nearest wall in the direction thatthe user is facing. Using the
distance measurement the POMDPalgorithm will reference a

mapofthe building or area and computethe locations that the
observation(i.e., the distance measurement) could have been

taken. Given a collection of locations, the POMDPalgorithm

computes the optimalaction (e.g., rotate by 90°) that will get
the userto their goal location using the minimum numberof

instructions on average. The process may berepeated(i.e.,
instruction, generate action update spatial uncertainty, com-

pute optimal action) until the user reaches their destination.
The present invention is designed to deal with the noise that

will be inherent in the measurements taken and the actions

generated by a low-vision user.

In a simulated environment, when the user attempts to

execute the “move forward5 feet”action it canbe assuredthat
they really do move forward 5 feet. Additionally, a simulation

can also ensure that the “second doorway”is never mistaken

for the first or third doorway. In a morerealistic setting, a
navigation system would fail if it assumed that actions suc-

ceededall the time; people may make mistakes and externali-
ties can prevent the successful execution of an action.

It is the POMDP model’s ability to capture action uncer-

tainty anderrors that makeit so well suited to the low-vision
navigation task. In the POMDP model, each action is defined

to have a set of possible results, incorporating both success
and failures. Each item has an associated probability, which

models the expected likelihood of that result. Thus, the

POMDP model expects there to be errors, and yet can still
provide useful localization estimates and navigation com-

mands.

Though there are many sources of measurementerrors, a

probability distribution over a set of possible measurements

may be used to model all sources ofmeasurementerrors in a
similar manner. This is exactly the model adopted by the

POMDPalgorithm for handling perceptual errors, and is
analogousto the manner in which it models action errors. For

example, a hallway that is 40 feet long may return a measure-
ment of39 or 41 feet, however a measurementof200 feet may

be very unlikely. However, the extreme measurement of 200

feet might be morelikelyifthere is a windoworlow reflecting
surface present. Therefore, the environmental error may be

easily modeled. The characterizationofthereflective surfaces



US 7,620,493 B2

9
of typical materials may be recorded or stored so that they
maybe used by the present invention to accurately determine

a good model of expected distance measurements.

To incorporate usage errors, some embodiments of the
present invention may have adjustable sensitivity to account

for systematicusererrors (e.g., allowing the present invention
to adaptto their usagepatterns, etc.). Other embodiments may

incorporate a fuzzy logic algorithm to adjust automatically
for usererror. Still other embodiments may use the continu-

ous scanning modes of the measurement devices to provide

automated assistance in helping the users orient themselves
and to aid them in orienting the devices themselves.

In operation the present invention is able to capture a com-
plex, noisy, dynamic environment, which is often a nontrivial

process to determinethebest action to take for any individual
location in the model. Furthermore, the navigation is made

significantly more complicated when the navigator is uncer-

tain about their exact location. With location uncertainty, the
present invention is requiredto considerthe best action to take

from all possible locations the user may be in and then com-
bine the possible location information in some way to come

up with a single “best” action. The present invention may
create an array of possible actions and select an action from

thatarray.

The present invention must also consider the potential
future errors that can arise in the actions and measurements.

The POMDP model used in one embodimentof the present
invention was developed to solve exactly these types ofcom-

plex problems. There are mathematical solution procedures
that weigh all the information and computethe optimalaction

policy. Further, the action policy is defined over the belief

states, so it does not require complete knowledgeofthe cur-
rent location. The present invention may use a variety of

algorithms to compute the optimal action policy. Thefirst
such “exact,” optimal solution algorithm was developed in

Sondik (1971), and many subsequent exact, approximate and

heuristic algorithms have been developed since (Lovejoy,
1991; Kaelbling et al., 1998, 1996; Cassandra, Littman, &

Zhang, 1997).
The present invention may use any algorithm, which pro-

vides a mechanism for navigating when there are action and
observation errors. However, the algorithm has to be

informed about the types of errors that users are likely to

encounter. That is, the algorithm needs an estimate of the
likelihoods that a user will make a given action given a spe-

cific instruction. For example, one study used a series of
low-vision subjects and normally sighted subjects in which

we will instruct them to make a specific action (e.g., rotate
right by 90°). The actual rotation was recorded given the

instruction. The results from this study were usedto create a

model of the action errors produced by a low-vision and
normally sighted subject. These estimates were used by the

POMDP modelto updates its belief vector given an action
(1.e., Pr(s'ls,a)).

In operation the present invention, is instructed by the user
to take measurements in a certain direction, e.g., down a

hallway. It is understood, that pointing is a difficult task for

the user and maylead to observation errors in which the user
mispoints the laser range finder off a sidewall instead of off

the end ofthe hallway. These observationerrors are estimated
and provided to the POMDP model by measuring observation

accuracies for varying hallway lengths.
The present invention is effective in real environments,

which allows the movementto any state within the environ-

ment. A low-vision navigation aid is described that uses
POMPDPto guide a user who is blind or has low-vision

through a novel environmentto their destination. The algo-
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10
rithm of the present invention is useful under simulated con-
ditions (e.g., within a virtual environment), and under more

complex and realistic conditions (e.g., a real building with

dynamic obstructions). The present invention has a number of
advantages over existing low-vision, way-finding aids. These

include the installation cost, error rates and cost.
In addition, the present invention can be widely adopted

with minimalinstallation costs (low installation and/or retro-
fitting cost). The current system of the present invention can

be built with itemsthat are moreorless “off-the-shelf” items.

The present invention may be built using a small palm top
computer interfaced with a handheld range finder. The system

may be adopted by building managementsystems, the system
can have a broad impact for individuals with low-vision who

want to navigate through unfamiliar buildings. The primary
cost for adopting this system would be in providing a digital

map to a centralized database. These maps can be built by

taking simple measurements within the building or using a
metrically accurate map of the building. In one embodiment,

the present invention generates the map using metric maps,
however any method maybe used to generate a map of the

environment so long as the state is identifiable on the map.
The hallway within the building may be measured (width and

length) and this value used to convert the building map to a

metrically precise building map. Software may be used to
convert these metric maps to the appropriate data structures

for carrying out the POMDPalgorithms.
Now referring to FIG. 3, a block diagram of system or

device 300 to provide navigational assistance with one
embodimentofthe present invention is shown. The system or

device 300 may include one or more distance determination

devices 302, a memory 304 containing an environment data
306, a user interface 308 and a processor 310 communicably

coupled to the one or more distance determination devices
302, the memory 304 andthe userinterface 308. The proces-

sor 310 determinesa distance traveled by the user or from the

user to one or more objects via the distant determination
devices, identifies the current location using the distance and

the environment data, determines a route to the second loca-
tion (e.g., an intermediate destination, final destination,etc.)

within the environment based on the current location and the
environment data, and provides a directional cue (e.g., an

audio cue, a visual cue,a tactile cue or a combination thereof)

to the user based on the route via the user interface 308 (see
FIG. 1). The system or device 300 can also perform the

method described in FIG. 2 or somevariation thereof.
In some embodiments, the system 300 is self-contained or

integrated into a handheld device. The system 300 maybeat
least one of a hand-held device, a device embeddedinto a

briefcase, a device embeddedinto a purse, a device embedded

into a shoe, a device embeddedinto a hat, a device embedded
into a wheelchair, or a device embedded into a wearable

object. The system 300 may be partially self-contained and
partial at a remote location. This may allow the system 300 be

integrated into a network where one unit may be used at a
variety oflocations andreal time upgradesto the database and

the location module. In someinstances the system 300 may

contain one or more batteries to power the system;the batter-
ies may be rechargeable or replicable or a combination

thereof.
The one or more distance determination devices provide

the present invention with observations about the environ-
mentand are typically range finders or pedometers that use a

laser, a sound wave, an electromagnetic wave, an accelerom-

eter or a combination thereofto generate a distance measure-
ment that may be in any convenient unit (e.g., feet, inches,

meters, centimeters, and thelike). The distance determination
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devices can determine the distance from the userto the one or
more objects or the distance that the user traveled following

an instruction and provide these measurementsto the proces-

sor. They may also have a conversion unit that converts the
units into usable units. Furthermore, the distance determina-

tion devices may be operated continuously, automatically
(e.g., specific intervals, etc) or manually by a user. One

embodimentof the present invention may use a laser range
finder because it typically provides a more accurate measure-

ment and can measure longer distance(e.g., up to 300 feet).

However, other embodiments may use other distance mea-
surement devices, e.g., IR, sonar, ultrasonic, visible light,

accelerometers or combinations thereof. For each state (s),
whichis defined by the user’s location and heading within the

environmentthere is a corresponding observation (os). These
observations are used by the POMDPalgorithm to generate

an array ofpossible locations where the user could be located

within the environment.
The environment data 306, also referred to as a location

database or digital map, correlates the physical location of
structures within an area to mathematical coordinates, which

are arranged to reference those coordinates. The coordinates
may be Cartesian based or any other coordinate type. The

location database identifies location information within a

building, area or geographic location. The unit may also have
a converter to interchange between coordinate types thus

allowing the unit to be used on a variety of systems. The
digital map may contain information relating to explicit

lengths and widthsofareas(e.g., hallways, rooms, doorways,
atriums,elevator areas, etc.) within the building in addition to

making explicit the locations of different rooms, elevators,

bathrooms and other potential destinations. The map may
also contain information about the particular location. For

example, when used in a school, information about the room
maybestored on the device for communication with the user

(e.g., room description, content description, etc.). In other

environments the device may store bus schedules or instruc-
tions. In one embodiment, the mapis stored on the device in

memory. In other embodiments, the map may be stored on a
transportable medium so that the map may be accessed by the

present invention (e.g., memory stick, floppy disk, jump
drive, secure medium, etc.). The map may be accessed

through a network communication system. The location data-

base may be located within the handheld unit or remotely
stored (e.g., a guidance server, etc.). The location database

may also be stored outside the system and loaded onto the
system as necessary, e.g., memory card, miniSD, SD, and the

like. Combinations of systems may also be used. For
example, a general map maybe stored on the handheld unit

with a more detailed map being stored on a card or a server

and being accessed when necessary.
The digital map can be updated to adjust the route infor-

mation to accountfor a variety ofissues includingtraffic, area
service, construction or any other situation, which may cause

a hazard for the individual. Furthermore, the present inven-
tion may indicate when it is necessary to change floors or

buildings. The route information may take many forms, e.g.,

navigation from node to node. The route information may
also include alternate routes and contain more information

than just the route depending onthe particular use, e.g., his-
torical facts, facts relates to items along the route, room

information, room numbers, room content, existence of
elevators, existence of doorways, existenceofescalators,etc.

This information may beofuse to the user in aiding in navi-

gation of the area.
The communications between the various components of

system 300 can be through a wired connection, a wireless
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connection, an optical connection or any other suitable com-
munication interface and medium.

Theuser interface 308 mayinclude a touch screen, a knob,

a pad, a stick, a speaker, a screen, a display, a card, a receiver
or a combination thereof. The user interface 308 may be used

to indicate or input the desired secondlocation (destination).
The method of input may differ between applications. For

example, some embodiments may use a vocal command
input, while others use a text input, still others may use a

selection based input, e.g., buttonA for room 101. Still others

may be inputted via a computer or memory card, e.g., at a
helpdesk.

Similarly, the user interface 308 provides the directional
cue by converting the route information into one or more

stimuli that the user can understand. The most common out-
put will be auditory in nature, where the output is a series of

spoken commandsorinstructions. Other outputs may also be

used including visual, e.g., a large arrow directing the user in
whichdirection to proceed. Tactile outputs mayalso be used,

e.g., a movable joystick to indicate the direction,or a local-
ized vibration to indicate the direction ofmovement. In some

instances, the system may use more than one output device,
e.g., both auditory and visual outputs may be used, e.g., a

vocal instruction coupled with a arrow to indicate the direc-

tion of movement. The directional cue will depend on the
output module used in the particular application and may

include speakers, touch pads, joysticks, knobs, lights, LEDs
and a combination thereofThe system may include a module

to control the interface to the hand held processor to convert
the information into a message in a speech format and a

module to play the message in the speech format through the

speaker. The system may include a module to control the
interface to the hand held processor to convert the information

into a message in a visual format and a module to play the
message in the visual format through a display.

The present invention mayalso establish a communication

link with a guidanceserver via a transceiver communicably
coupledto the processor. In some embodiments one or more

steps occur on the guidanceserver. Similarly, the determina-
tion ofthe route and the environmentdata 306 can bedistrib-

uted between the processor and the guidanceserver. In other
embodiments, the database is located in the system, in a

guidanceserver, in an internal memory device, in an external

memory device or a combination thereof. Furthermore, at
least a portion of the route information to reach a location is

determinedby the guidanceserver. In some embodiments, the
system of the present invention may integrate other naviga-

tion systems as well, e.g., GPS based systems, Talking
Signs® orthe like.

Referring now to FIGS. 4A, 4B, 4C and 4D, simple sche-

matics of the low-vision navigation system in use are shown.
As showed in these FIGURES,the observations can be used

to generate a hypothesis about the user’s current state. In the
upper-left image of FIG. 4A,the user is standing at a T-inter-

section. The “beam”leading from the user to the wall repre-
sents a distance measurementfrom the userto the nearest wall

in the direction that the useris facing. The lower-left panel of

FIG.4B is an illustration ofwhere this observation could have
been made. The array of states is referred to as a “belief

vector,”or the set of states that the algorithm “believes”that
the user can be located.

Giventhe belief vector the present invention will compute
the optimal action that will get the user to the goal state with

minimal numberofinstructions on average. In the example

provided by FIG. 4C, the instruction is “Rotate-Left.” The
user then rotates left by 90° and takes a second measurement.

The present invention takes the first observation, a 90° rota-
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tion and the second measurement to compute the location of
the user, there is only one possible location or state. Given the

new updated belief vector the present invention again com-

putes the optimal action whichis “Rotate-Left.” The system
continues this process (e.g., Make Observation, Compute

Optimal Action, Human Makesaction) until the user reaches
their goal. FIG. 4D illustrates a simplification to illustrate the

use of a single observation to generate an estimate of the
user’s state in which only positions that are aligned with the

four primary directions in the environment(i.e., up, down,left

and right) considered.
The present invention may be used to train users in the

operation of the present invention and allow for an initial
evaluation and developmentof the user with the device. The

scale of complexity may be adjusted from these simple con-
ditions to more realistic and ultimately into real environ-

ments. One embodimentof the present invention may be a

desktop virtual reality environment in which the subjects
moved through the environment by making keypresses(e.g.,

rotate left or right by 90° or translate forward 1 meter).
For example, one study used a desktop virtualreality envi-

ronment in which the subjects moved through the environ-
ment by making key presses. The only landmarks within the

environments were numberedsigns that were placed on each

wall. Subjects ran in three conditions: Normal Vision, Simu-
lated Low-vision and Simulated Low-vision+NavAid.In the

Normal Vision condition the signs were observable at all
times and subjects could see all the way to the end of a

corridor. In the Simulated Low-vision condition virtual “fog”
was added to the environment to simulate the difficulties

associated with identifying distal objects and making dis-

tance estimations. FIG. 5A showsthe mean distance for sub-
jects to reach a target location within an unfamiliar environ-

mentin the preliminary study (error bars represent 1 SEM).
FIGS. 5B and 5Cillustrates a desktop virtual reality environ-

ment. FIG. 5B represents the normal vision where the user

may see to the end of the corridor. FIG. 5C represents the
simulated low-vision condition through the addition of vir-

tual “fog” to the environmentto simulate thedifficulties asso-
ciated with identifying distal objects and making distance

estimations The Simulated Low-vision+NavAid condition,
wasidentical to the Simulated Low-vision condition with the

exception that there was an additional auditory instruction

given by the computer. The NavAid algorithm gave four
different instructions: “rotate left,” “rotate right,” “move for-

ward”and “take a measurement”. Subjects were instructed to
follow these instructions andthatthe instructions would ulti-

mately lead the user to their goal. When the subject took a
measurement, the computer calculated the distance between

the subject’s current position and heading to the end of the

hallway to update the user’s current belief vector.
In the study, eachtrial started from a random locationin the

environment and the computer chose a random goalstate by
specifying a numbered sign that the subject needed tofind.

FIG.5C is a graph of the meandistanceto reach the goal for
each condition. In the study the low-vision navigation condi-

tion did make the task much moredifficult, as demonstrated

by a significant difference between performancein the Nor-
malVision and the Simulated Low-vision conditions. Addi-

tionally, the present invention improvedthe subject’s perfor-
manceforreachingtheir goal as demonstrated by a significant

improvementin the present invention having condition over
the Simulated Low-vision condition. Furthermore, perfor-

mancein the present invention having condition slightly bet-

ter than the Normal Vision condition suggesting that the navi-
gation aid mayhelp users navigate with a level ofproficiency

at or above someonewhois normally sighted.
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In another study, the system wastested in a real buildings

on the University ofTexas campus. As with theVR study,the

efficacy of the NavAid system was evaluated. To do this,

subjects were tested using optical systems that degraded the
subject’s vision. The subjects were then tested on how well

they could find a room within the building with the NavAid
system versus without the NavAid system.In the No-NavAid

condition, subjects were able to get information about the
rooms that they were standing near by touching a specific

door. When the subject touched the door, the experimenter

verbally announced the room numberto the subject. Thisis
similar to a subject who uses Braille or even similar to the

Talking Signs system.In the NavAid condition, subjects held
a laser range-finder and took measurements that were com-

municated to a laptop computer which announcedthe appro-
priate action for the user to make. The subject was instructed

to follow the instructions to the best of their ability. FIG. 6

illustrates the average distance traveled in these two condi-
tions. There was a significant improvementin the distance

traveled in the NavAid condition than in the No-NavAid
condition suggesting that even under the best of navigating

conditions, NavAid can reduce the user’s distance to reaching
a goal.

Theinitial evaluation ofthe algorithm ofthe present inven-

tion was conducted within a virtual environment. Evaluating
the system within virtual environments allowed environ-

ments with parametric values to be generated to evaluate the
efficacy of the system under varied conditions (e.g., how

effective the system is in continuous space (versus the dis-
crete space used in the preliminary studies), the effect of

dynamic obstructions (e.g., pedestrians and/or objects), and

the effect ofenvironmentsizeon theefficacy ofthe system. In
these studies, the distance traveled moving through a continu-

ous space was tested using a joy stick. FIG. 7 shows the
average distance traveled for the three conditions as a func-

tion of environmentsize. As the environment size becomes

larger (i.e., more hallways) the advantage that the NavAid
system has over the Simulated Low-vision andNormal Vision

condition increases. FIG. 8 showsthe effect of increasing the
number of dymaic obstacles (pedestrians) on the NavAid

algorithm. As the plot showsthere increasing the number of
dynamical obstacles does not increase the distance traveled to

the goal state. This is achieved despite a large number of

mis-measurements generated by the user taking measure-
ments off of the dynamic obstacle instead of the distal wall.

This result suggests that the system is robust even under the
mostdifficult conditions.

In one set of studies conducted using the presentinvention,
the following general procedures were used. The subjects

were run in four conditions: Normal Vision (NV), Simulated

Low-vision (SLV), Simulated Low-vision+NavAid (SLV+
NA) and Simulated Low-vision+Simulated Talking Signs

(SLV+TS). In one example, the studies were conducted in
both desktop VR and immersive VR. The purpose of using

both desktop and immersive VR was that each approach has
counteracting advantages and disadvantages. The desktop

VRalso allowed the use of environments of arbitrary size;

however, the desktop VR has the disadvantage that subjects
will not have access to the vestibular and proprioceptive infor-

mation that they would normally have if they were actually
moving through an environment. By contrast, the immersive

environment allowed for the use of vestibular information,
but the size ofthe environments that subjects can explore and

navigate is limited to the size of the VR arena (20'x20'). The

present invention may also use both the desktop VR andthe
immersive VRto train users in the use of the present inven-

tion.
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In the virtualreality studies a paradigm similar to that used

in the preliminary studies section was be used.In these stud-

ies, subjects used a virtual pointer (VP). The VP will be built

out of a 3.5"x2"x1.5" block of wood that will have tracking
equipmentbuilt into it in addition to a button. Other embodi-

ments may use a VPofdifferent sizes (e.g., both larger and
smaller versions, etc.) and constructed from different mate-

rials (e.g., plastic, metal, polymer, allow, composite, or simi-
lar material known totheskilled artisan, etc.). TheVP may be

held by the subject while they navigate and will serve as a

virtual orientation aid.

One embodiment uses the World Viz Precision Point

Trackerto locate the user within the environment. The World

Viz Precision Point Tracker uses the 6 degrees of freedom
associated with wherethe subjectis pointing the virtual hand-

held navigation aid as they are navigating can be tracked.

The present invention mayalso allow the user to use both

the Talking Signs® and the present invention. While subjects

are navigating, they maypoint the present invention and press
the button.If there is a Talking Sign® in the general vicinity

and direction that the subject is pointing, then the subject will
receive the auditory statement associated with the sign at that

location (1.e., the room number). Therefore, the user will also

be provided with information from the Talking Signs® sys-
tem, e.g., directional information.

In another study, the NavAid (SLV+NA) condition are
evaluated, the VP is also tracked, but the purpose ofthe VP is

to take a distance measurementto the nearest obstruction in

the direction that the subject is pointing. When the computer
instructs the user to take a measurement,the subject points the

VP as best as they can to the endofthe hallwayin the direction
that they are facing. The computer then computes the closest

collision point in the VR environment given the position and
orientation of the VP. The VP simulated the range finder that

will be used in the present invention.

The present invention also provides a map ofthe environ-
ment. Software may be used to generate a map that generates

parameterized indoor environments. These environments are

Cartesian-based indoor environments. Cartesian based envi-
ronments are used for both pragmatic reasons (e.g., most

large scale buildingsare typically loosely built on a Cartesian
principle) and for ecological validity, however other bases

may be used. Additionally, other researchers have used envi-
ronments in which paths intersect at 120° (e.g., Hexatown

(Mallot & Gillner, 2000; Gillner & Mallot, 1998)) but these

types ofenvironments do notbest represent typical large scale
buildings.

Another study used four different randomly generated

environments that contain 25 hallways. The subjects partici-
pated in four conditions described in the General Procedures

section (NV, SLV, SLV+TS, SLV+NA). The subjects run in 8
blocks of 50 trials where each block used one of the naviga-

tion conditions (NV, SLV, SLV+TS, SLV+NA). Within a

block, subjects run in each environmentin a random orderto
prevent incidental learning of the environment during the

study. The order of the navigation conditions may counter-
balanced across subjects.

The dependent measure in the study is the time and dis-

tance traveled to the goal state and a Benefit Score (BS)
computed. The Benefit Score is the ratio ofperformancein the

conditions where the orientation devices were used(1.e., the
SLV+TS and SLV+NA)versus where they were not used(i.e.,

SLV). Thus the BS for the Talking signs is computed as:

BS(TS)=Perf(SLV+TS)/Perf(SLV) and the BSforthe present
invention is computed as BS(NA)=Perf(SLV+NA)/Perf

(SLV).
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A 2 (VR: Desktop, Immersive)x2 (Navigation Aid: TS,

NA)Analysis ofVariance on the benefit scores was computed.

To determine the effect of the environment form the main

effect of VR was examined and to determine if there is an
effect of the orientation aid the main effect of navigation

condition was examined.A comparison between the SLV+TS
and the SLV in addition to the SLV+NA and the SLV condi-

tion was preformed to determine if there was a significant
benefit of using either or both of these orientation aids. A

planned comparison study between the SLV+TS and the NV

in addition to the SLV+NA and the NV waspreformed to
determine how performance compares to someone who

might have normalvision.
One embodimentof the present invention may include a

Leica Disto™ Pro-A handheld range finder with an RS-232
cable connected to a PC laptop. The laptop maybecarried in

a backpack on the subject. A set ofheadphones will run from

the laptop to the subject so the subject can clearly hearthe set
of directions given by the present invention. The current

apparatus is used for development simplicity.
It will be understood that particular embodiments

described herein are shown by wayofillustration and not as
limitations of the invention. The principal features of this

invention can be employed in various embodiments without

departing from the scope ofthe invention. Those skilled in the
art will recognize, or be able to ascertain using no more than

routine experimentation, numerous equivalents to the specific
procedures described herein. Such equivalents are considered

to be within the scope ofthis invention and are covered by the
claims.

All publications and patent applications mentionedin the

specification are indicative ofthe level of skill ofthose skilled
in the art to whichthis invention pertains. All publications and

patent applications are herein incorporatedby reference to the
same extent as if each individual publication or patent appli-

cation was specifically and individually indicated to be incor-

porated by reference.
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Whatis claimedis:

1. A system to assist a user with low-vision to navigate
from a current location to a second location within an indoor

environment, the system comprising:

a distance determination device suitable for use within the
indoor environment;

a memory containing an environment data of the indoor
environment;

auserinterface suitable for use by the user with low-vision;
and

a processing unit communicably coupled to the distance

determination device, the memory, and the user inter-
face, wherein the processing unitis configured to

determine, via the distance determination device, a dis-
tance traveled by the userinthe indoor environment or

from the user to one or more objects in the indoor
environment;

identify a current location in the indoor environment

using the distance and the environmentdata;
determine a route in the indoor environmentto the sec-

ond location based on the current location and the
environment data; and

provide via the user interface, a directional cue to the
user with low-vision based on the route;

wherein the distance determination device determines

the distance, at least in part, by transmitting and
receiving a signalto be reflected from the one or more

objects and then returned to the distance determina-
tion device, and wherein the signal received is a sub-

stantially same signal as the signal transmitted.

2. The system of claim 1, wherein the distance determina-
tion device is configured to use a laser, a sound wave, an

electromagnetic wave, an accelerometer, or a combination
thereof.

3. The system of claim 1, wherein the distance determina-

tion device comprises one or morerangefinders, a pedometer,
or a combination thereof.

4. The system of claim 1, wherein the distance determina-
tion device, the memory,the userinterface, and the processor

are integrated into a single device.

5. The system of claim 1, wherein the distance determina-
tion device is configured to determine the distance and pro-

vides the distance to the processor.

6. The system of claim 1, wherein informationto identify

the secondlocation is received via the userinterface.

7. The system of claim 1, wherein the processing unitis
configured to determine whetherthe distance is erroneous.

8. The system ofclaim 1, wherein the determination ofthe
distance is initiated by the user via the user interface, per-

formed continuously, or performed periodically.

9. The system of claim 1, wherein the processing unitis
configured to use a POMDPalgorithm to identify the current

location.

10. The system of claim 1, wherein the processing unit is

configured to identify the current location by:

evaluating the distance and the environmentdata;

generating one or more possible current locations in the

indoor environment; and

providing a directional cue to the user, determining a dis-
tance traveled by the user in the indoor environmentor

from the user to one or more objects in the indoor envi-
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ronment, and repeating the evaluating and generating
steps whenever more than onepossible current location

is generated.

11. The system ofclaim 1, wherein the one or more objects
in the indoor environment comprise:

a first object located forward of the user;
a second object located left of the user; and

a third object located right of the user.
12. The system ofclaim 1, wherein the one or more objects

in the indoor environment comprise an obstruction,a curtain,

a wall, a door, or a window within the environment.
13. The system of claim 1, wherein the directional cue

comprises an audio cue, a visual cue, a tactile cue, or a
combination thereof.

14. The system of claim 1, wherein the secondlocation is
either an intermediate destination ora final destination within

the indoor environment.

15. The system of claim 1, wherein the environment data
comprises a digital map of the indoor environment and other

information about the indoor environment.
16. The system of claim 1, wherein the other information

comprises historical information, delivery information,
emergency information, assistance information or informa-

tion about bathrooms, building leasing, building mainte-

nance, building management, computer access, conferences,
dining,elevators, escalators, events, exits, hallways, handicap

access, Internet access, meetings, parking, public transporta-
tion, rooms, route, rooms, security, stairs, telephones, or a

combination thereof.
17. The system of claim 1, further comprising a guidance

server communicably coupled to the processing unit.

18. The system ofclaim 17, whereinatleasta portion ofthe
route to the second location is determined by the guidance

server.
19. The system of claim 17, wherein the determination of

the route and the environmentdata are distributed between the

processing unit and the guidanceserver.
20. The system of claim 1, wherein the user interface

comprises a touch screen, a knob, a pad, a stick, a speaker, a
screen,a display, a card, a receiver, or a combination thereof.

21. The system ofclaim 1, further comprising a transceiver
communicably coupled to the processing unit.

22.A methodofassisting a user with low-vision to navigate

from a current location to a second location within an indoor
environment, the method comprising the steps of:

determining a distance traveled by the user with low-vision
in the indoor environment or from the user to one or

more objects in the indoor environment, wherein the
distance is determined, at least in part, by transmitting

and receiving a signal that is reflected from the one or

more objects, and wherein the signal received is a sub-
stantially same signal as the signal transmitted;

identifying a current location in the indoor environment
using the distance and an environmentdata ofthe indoor

environment;
determining a route in the indoor environmentto the sec-

ond location based on the current location and the envi-

ronment data; and
providing a directional cue to the user with low-vision

based on the route.
23. The methodof claim 22, further comprising receiving

information to identify the second location.
24. The methodofclaim 22, further comprising determin-

ing whether the distance is erroneous.

25. The method of claim 22, wherein determining the dis-
tance is initiated by the user, performed continuously, or

performed periodically.
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26. The method ofclaim 22, wherein the current location is

identified using a POMDPalgorithm.

27. The method of claim 22, wherein identifying the cur-

rent location in the indoor environment comprises:
evaluating the distance and the environmentdata;

generating one or more possible current locations in the
indoor environment; and

providing a directional cue to the user, determining a dis-
tance traveled by the user in the indoor environmentor

from the user to one or more objects in the indoor envi-

ronment, and repeating the evaluating and generating
steps whenever morethan onepossible current location

is generated.
28. The method of claim 22, wherein the one or more

objects in the indoor environment comprise:
a first object located forward ofthe user;

a second object locatedleft of the user; and

a third object located right of the user.
29. The method of claim 22, wherein the one or more

objects in the indoor environment comprise an obstruction, a
curtain, a wall, a door, or a window within the environment.

30. The method of claim 22, further comprising notifying
the user whentraversing to a different floor is required.

31. The method of claim 22, wherein the directional cue

comprises an audio cue, a visual cue, a tactile cue, or a
combination thereof.

32. The method ofclaim 22, wherein the secondlocation is
either an intermediate destination ora final destination within

the indoor environment.
33. The method of claim 22, further comprising receiving

the environmentdata.

34. The methodof claim 22, further comprising updating
the environmentdata.

35. The methodofclaim 22, wherein the environment data
comprises a digital map of the indoor environment and other

information about the indoor environment.

36. The method ofclaim 35, wherein the other information
comprises historical information, delivery information,

emergency information, assistance information or informa-
tion about bathrooms, building leasing, building mainte-

nance, building management, computer access, conferences,
dining, elevators, escalators, events, exits, hallways, handicap

access, Internet access, meetings, parking, public transporta-

tion, rooms, route, rooms, security, stairs, telephones, or a
combination thereof.

37. The methodofclaim 22, wherein the environment data
is stored in a user device, a system within the environment, a

guidanceserver, a portable memory device, or a combination
thereof.

38. The methodofclaim 22, further comprising establish-

ing a communication link with a guidanceserver.
39. The method ofclaim 38, wherein identifying and deter-

mining a route occur on the guidanceserver.
40. The method of claim 38, wherein at least a portion of

the route informationto reach a location is determined by the
guidanceserver.

41. An article of manufacture comprising:

a computer-readable storage medium;
a computer program embodied on the computer-readable

storage medium, configured to assist a user with low-
vision to navigate from a current location to a second

location within an indoor environment, the computer
program comprising:

a code segment for determining a distance traveled by the

user with low-vision in the indoor environmentor from
the user to one or more objects in the indoor environ-

ment, wherein the distance is determined,at least in part,
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by transmitting and receiving a signal that is reflected
from the one or more objects, and wherein the signal

received is a substantially same signal as the signal

transmitted;

a code segmentfor identifying the current location in the

indoor environment using the distance and an environ-
ment data of the indoor environment;

acode segment for determining a route in the indoorenvi-

ronment to the second location based on the current
location and the environment data; and

a code segmentfor providing a directional cue to the user

with low-vision based on the route.

42. The article of claim 41, further comprising a code

segmentforreceiving informationto identify the second loca-
tion.

43. The article of claim 41, further comprising a code

segment for determining whetherthe distance is erroneous.

44. Thearticle of claim 41, wherein the code segment for
determining the distance is initiated by the user, performed

continuously, or performedperiodically.

45. Thearticle of claim 41, wherein the currentlocation is

identified using a POMDPalgorithm.

46. Thearticle of claim 41, wherein the code segment for

identifying the current location in the indoor environment

comprises:

a code segment for evaluating the distance and the envi-
ronmentdata;

acode segmentfor generating one or more possible current
locations in the indoor environment; and

a code segment for providing a directional cueto the user,

determining a distance traveled by the user in the indoor
environmentor from the user to one or more objects in

the indoor environment, and repeating the evaluating

and generating steps whenever more than onepossible
current location is generated.

47. The article ofclaim 41, wherein the one ormore objects

in the indoor environment comprise:

a first object located forward of the user;

a second object located left of the user; and

a third object located right of the user.
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48. Thearticle ofclaim 41, wherein the one or more objects

in the indoor environment comprise an obstruction, a curtain,

a wall, a door, or a window within the environment.

49. The article of claim 41, further comprising a code
segment for notifying the user when traversing to a different

floor is required.
50. The article of claim 41, wherein the directional cue

comprises an audio cue, a visual cue, a tactile cue, or a
combination thereof.

51. The article of claim 41, wherein the secondlocation is

either an intermediate destination ora final destination within
the indoor environment.

52. The article of claim 41, further comprising a code
segment for receiving the environmentdata.

53. The article of claim 41, further comprising a code
segment for updating the environment data.

54. The article of claim 41, wherein the environmentdata

comprises a digital map of the indoor environment and other
information about the indoor environment.

55. Thearticle of claim 54, wherein the other information
comprises historical information, delivery information,

emergency information, assistance information or informa-
tion about bathrooms, building leasing, building mainte-

nance, building management, computer access, conferences,

dining, elevators, escalators, events, exits, hallways, handicap
access, Internet access, meetings, parking, public transporta-

tion, rooms, route, rooms, security, stairs, telephones, or a
combination thereof.

56. The article ofclaim 41, wherein the environmentdata is
stored in a user device, a system within the environment, a

guidance sewer, a portable memory device, or a combination

thereof.
57. The article of claim 41, further comprising a code

segment for establishing a communication link with a guid-
ance server.

58. The article of claim 57, wherein the code segments are

executed on the guidanceserver.
59. The article ofclaim 57, whereinat least a portion ofthe

route information to reach a location is determined by the
guidanceserver.


