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1. INTRODUCTION

Current population trends indicate that United Statesruregions are rapidly aging. In
US urban centers about one out of eight individualeweer fifty-five years of age during the
1990’s. That population is expected to increase to onef sk mdividuals by 2010 (Woodruff-
Pak 1997, Pope and Tarlov 1991, Crews and Clark 1997). For peopfdtgvere, age related
vision illnesses such as macular degeneration, cataaactsliabetic retinopathy (Eperjesi,
Fowler and Evans 2002) gradually reduce vision acuity and fielgéw. When vision problems
are experienced during the course of reading, writing, anergkenavigation, significant
changes in an individual's “life-space” may occur (MBlpyak and Isaacs 1985). For example,
difficulty reading the morning paper may also be indieatf trouble viewing traffic signs or
reading specific bus routes posted. Bumping into furnituag transfer to tripping over guy
wires or running into low branches. The ease and admfamavigating in one’s home is not
nearly as challenging as walking to the local grocersestoakery or deli. Other essential
facilities such as churches, schools or medicalif@slare typically in more complex
commercial or industrial regions. Unfortunately, a sasal portion of US urban populations
struggle in their attempt to access basic social sex,vizel are more likely to require assistance
from the public healthcare system, municipal transitesys, and community outreach services.

Overseas, the picture for urban centers is somewtfertedit. European countries have
pedestrian networks in their urban communities whicldasggned to enable residents to
achieve their basic needs without ever owning a persohalee In addition to well designed
public transportation systems, small towns are commongd via pedestrian and bicycle trails
(Figure 1). Residents are frequently able to travel ftes@long pathways without having to

cross major vehicular traffic arteries due to an aburelahpedestrian overpasses. The basic



configuration of Europe’s cities is much different frormérican counterparts. For example,
most residential neighborhoods are interspersed with letail shops which provide goods and
services to residents. Urban transit systems atespread, efficient and inexpensive to ride.
With such infrastructure in place, it is no wonder whyramy European families are able to ‘get
by’ with fewer automobiles and a weakened dependence upon vediicles for independent

mobility.

Figure 1- German Bicycle Path between Villages
(http://www.hausmar gar ete-er den.de/l mages/L oesnich.jpg)

Conversely, pedestrian travel in United States urbanmegs not for the faint of heart.
American sidewalks and access trails are designed t@g@edestrians only within isolated
zones or regions (e.g. commercial, retail or residgraia were not built for navigation between

zones. Residential districts frequently lack crosssyadkd in some cases sidewalks.



Commercial zones may have traffic islands or medmati®ut clear markings. Industrial zones
frequently have wider roads and higher speed limits to atoalate heavy vehicles. Pedestrian
travel paths can be cluttered with hydrants, post b@awegss slopes, retail encroachments, and
landscape trees (Figure 2). Many urban centers are unagrgmstant reconstruction, and as a
result, sidewalks are frequently closed for safety pupo§zosswalk regulations are rarely
enforced, and metropolitan transportation systemsypieatily overwhelmed due to urban
sprawl, traffic congestion, and strained municipal budgEtstunately, with the assistance of
government programs such as the Americans with DisaBiliict, many cities are eligible for

federal grants to improve accessibility for the lowosiscommunity.

Figure 2 Sidewalk/Travel Paths On 10th Street Near Piedmont Park, Atlanta, Georgia.

Problem

Due to the complex relationship between pedestrians aad tndvel environment, there
are significant challenges in identifying factors that iadicative of hazards in the travel
landscape. Up to 90% of our travel information comemfvisual cues (Geruschat and Smith

1997). A large portion of one’s travel landscape is dlettevith natural and man made



structures which are designed to attract our attentighile these distractions are not as
significant for persons with average vision, the sla@eount of data plays a considerable role in
the ability of a visually impaired pedestrian to filter anassary information and make sound
travel decisions in the dynamic urban landscape.

Independent mobility (as it pertains to a visually impairedq® is the ability to detect
and avoid hazards, and successfully navigating to a destir&@entzen 1997). It is dependent
upon an accurate assessment of landscape features, anétgehof knowledge about the travel
environment. The objective of the low vision Orientat@om Mobility (O&M) specialist is to
empower the low vision traveler by providing tools or mdthto improve those assessment,
detection, and navigation skills (Guth and Rieser 1997anleffort to best assess remote
landscapes, O&M specialists frequently rely upon route amgplications, ground observations,
and available photography. Unfortunately, in most casegtsnap data are generalized and not
likely to provide information about sidewalk availability@ther features that apply specifically
towards pedestrians or visually impaired pedestrians. $retphotography may be a viable
alternative, but in general it is limited in its alyilib project the ‘big picture’ of the travel
landscape. Furthermore, the availability of higloh&gn aerial photography cannot be
guaranteed, while many urban regions are being flown forodélesction, the process is still
time consuming and cost prohibitive in many locationsrdloee, an alternative solution must
be investigated to provide knowledge about remote environmerlsafatision travel problems.
The solution must be able to assess, detect and navigdtavhler using information that is
available in most urban regions.

Current accessibility maps for the visually impaired argeneral, insufficient for the

needs of the low vision traveler. It is difficudt tompress the wide range of surfaces, objects



and details that occur in nature into a static mapa Aesult, most low vision maps describe
only specific terrain features. For example, one tyicoessibility map may focus upon curb
cuts and terrain slope (Brouwer et al. 1984), whereas atiegrs may focus upon the orientation
and layout of road features as they pertain to cognibitgi@s of travelers (Golledge et al.
1993). Even current accessibility maps that are managkuh eographic Information
Systems (GIS) applications have limitations due to degalution, portability, and changing
conditions (Sobek and Miller 2006). Because of the coxgy@amic that occurs during
pedestrian travel in urban landscapes, another approaebessary to inform O&M trainers

about route knowledge in urban landscapes.

Research Objective
Based upon quality of life studies, there is a strong lediva between the spatial

distribution of vision related travel problems and proligof independent mobility (Stalvey et
al. 1999). As a result, O&M instructors attempt to guidgr tblients through regions that have
less risk and higher suitability for independent mobilitndependent mobility is based upon
three factors: the physical abilities of the trav@esion clarity, field), cognitive knowledge
about travel routes (route knowledge, confidence) and@armiental conditions through which
the individual travels (road crossings, travel pathskewise, any model produced to evaluate
travel landscapes would need to take those factors indaration. To date, both physical
abilities of low vision travelers and cognitive knowledga/e extensive research histories;
however the study of environmental conditions as thelydapgow vision travelers is somewhat
limited. To address these limitations, three objectiver®e achieved:

» ldentify problems specific to environmental features oeactsjthat decrease the

probability of independent mobility for low vision travide



» ldentify Geographic features that are spatially relatetg¢@nvironmental problems.

» Utilize Geographic features to provide suitability map of &ptl travel regions.
A discussion of cognitive knowledge (specific to individuaish visual impairments) and
physical abilities (acuity, field) as they relate to indegent mobility will be utilized to identify
common travel problems. This dialogue will include a nevod current O&M technologies and
research into cartographic products. Finally, a revieprefious studies into travel problems
will be examined to select problems that can best beiassd with common environmental
features. Environmental features will be identified assigned risk factors based upon
independent mobility surveys and problem questionnaires. Utkerae product will be a
summary of the risk factors of the environmental feafyresviding a graphic that identifies

regions or routes that present less risk potentiagi@ater suitability) for low vision travelers.

2. LITERATURE REVIEW

Current research into the cartographic process (MacEatB&l) suggests that vision
and cognitive understanding are the primary tools designegbtesent and transfer data for
pedestrian travel. The emphasis upon visual understaadoh fundamental cognitive principals
of cartography represent some sort of informational tstdieding of an environment by the
designer. One may posit that all landscapes requineea gmount of information in order to
assess, understand, and then safely traverse. Thyg tbiliavel is therefore a function of the
individual's aptitude in collecting and in processing trantdrmation both through learned and
reflexive responses. For example, a manicured forest atbeneasy to navigate in full
daylight but could be hazardous under nighttime conditidiss situation is commonly
experienced by individuals with severe vision impairmeinsmany cases low vision travelers

navigate in the same physical environment as individualowitimpairments (Golledge 1993b).



Golledge suggests that there is an inherent transformatspace that occurs due to visual
impairments. Hazards which may seem harmless forithdils with a full field of view can be
an unpleasant surprise for someone with limited viBe&lds. A number of cultural and physical
barriers are imposed by social norms can impair freesfanobility and in general, reduce the
overall quality of life for the visually impaired travele For example, curb cuts reduce the
vertical expression between the sidewalk and road suidaseable wheelchair access across
roadways. Unfortunately, curb cuts also make detectiae wifficult for the cane based
traveler to detect the sidewalk edge, increasing the patgsddithe visually impaired traveler
inadvertently to wander into traffic.

In order to utilize cartographic tools to define disabledsp®&M researchers must be
cognizant of the travel landscape as well as the impaitsithat are being taken into
consideration. The concept of spatial awareness shotilbe confused with vision, but should
be considered as a form of perception which empowetsabeler. It is important to note that
an individual’s vision acuity (or clarity) and field ofsion limitations must be understood to
accurately transfer navigational information about unfamiindscapes. Spatial awareness has
a number of key components (i.e. vision, mobility, cogeaitinderstanding) which make it
possible to interact with environmental features in alpedfortless manner (Tuan 1974). To
use Tuan’s example, spatial awareness is similar tograibicycle, once learned, it (riding a
bicycle) requires no intensive skill to understand, butasraplex array of forces interacting
with each other (Tuan 1977). In a similar manner, spatiateness can be transferred from
O&M specialist to visually impaired traveler using magesimulations and mobile

communication devices.



Cognitive knowledge of a given landscape is best exem@pldy the rural traveler that
attempts to navigate in an unfamiliar urban environmentrdégss of impairments there is a
level of physical and mental unease while navigating withiiamiliar surroundings. Physical
unease in the sense of mobility, suggests that certamdialds are required for successful travel
in urban environments. The term mental unease impliealar perceived threat to safe travel
attributed to conditions in the urban landscape. Theegurof landscape perception as a basis
for environmental assessment is essential to empowasiaglly impaired travelers with the
ability to utilize a modified form of object orientectel. To address these skills, Bentzen
(1997) provides O&M instructors with a range of training guidslisigecific to urban
environments. These guidelines include orientation techniqusesissions of route patterns and
identifying key objects to aid in navigation. Each aspetdrmadscape perception is based upon

physical and social attributes that can be detecteddghranalysis of urban GIS data.

Existing Vision Classification Systems

Vision acuity loss is one of the more common agateel problems and can be defined as
a reduction of the ability to see details. Visual cueseasential for orientation, navigation,
utilizing public transportation or accessing other municigellifies. The total amount of
information that can be perceived as objects can bessquas a function of the contrast
between the target object (and text) and the backgrouradel&rs who walk at twilight or dawn
frequently have difficulty because of low contrast anegular lighting conditions. A common
example of acuity problems occur when one attemptsatbtext in a dimly lit room (e.g. by
candlelight or 20 watt bulb). Individuals who have treutdading newsprint, street signs, bus
route numbers, or other text based information ardylikcehave acuity problems when traveling

in urban landscapes. Recent improvements to municgraport systems have included



identifying routes by bus color, therefore eliminatingnked to read bus numbers from a
distance.

In general, vision and visual based perception varies byléravEhe most common
problems experienced outdoors are glare, visual field $osspma (a region of reduced vision
within a visual field), night blindness, light adaptatiogfractive errors, nystagmus (a rapid
flutter of the eye), fluctuating vision and depth percep@Gan(ischat and Smith 1997). Many
researchers (Sauerburger 1989, Massof 2002b, Arditi and RakE®®6, Genensky 1970) have
defined low vision (or visual impairments and aspects of Vidisabilities) through an
individual's physical potential to play an active role aciety. The modern definition of low
vision is composed of vision based upon acuity (vision inepa& legally blind), vision field (10
degrees, & 20 degrees respectively), and the presence ofilanoontrast. Vision acuity is
measured in terms of efficiency and expressed using 20880 vision sees at 20 feet what a
person with normal vision could see at 70 feet).

By using classifications that are expressed as a funatian individual’s visual acuity,
or field of vision, O&M trainers are able to select dew or tools to reduce or to mitigate their
impairments that best match the vision classificaioGommon examples of these corrective
devices are fisheye lenses, telescopes, canes, alegemsing devices, and global positioning
receivers (Farmer and Smith 1997). In an effort to impccessibility for all individuals with
vision problems, the expansion of the classificatisteay to include standards ranging from
‘Functionally Blind’ (able to have some level of visuatgeption, but unable to navigate or to
read even with optics or enhancement devices) to ‘Famaity Sighted’ (able to navigate or read
with optics or enhancement devices)(Genensky 1970). lasgification systems should serve

as a function of an individual’s ability to acquire andraintain employment (Arditi and
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Rosenthal 1996). These vision classifications preseetyastrong argument for the relationship
between an individual's ability to function in societydahe acuity abilities of the traveler.

Most refractive problems can be classified as hyperdgsightedness), myopia
(nearsightedness), or astigmatism (a result of ireegul uneven shapes of cornea, lens or both).
These problems all relate to the bending of light amabes. In many cases, one’s vision can
usually be improved via corrective lenses or laser bsisepery. While refractive problems are a
common problem for all ages, some issues are notsdyg earrected. Other visual problems,
such as cataracts (clouding in or around the lens),ecagalurring of imagery as perceived by
the individual. Another issue that may be assodiatiéh aging, presbyopia (loss of
magnification capabilities) causes individual’'s problems whewing things close-up. While
this should not be confused with myopia, presbyopia, agih is a condition in which the lens
becomes more rigid and less capable of adjusting.

Field loss or tunnel vision is restrictive in which allvdefined but limited field of vision
exists (between 5 and 20 degrees). Furthermore, blind oedblsppots may occur anywhere
within the visual field (i.e. normal central vision and pg®ion at periphery, or poor central
vision and normal vision at the periphery). Broadaidields are key to the perception of large
spatial target within a complex urban visual environmentl&1i1994). The identification of
key targets are essential to maintaining depth percepti@mtation and navigation in regions
that have frequent terrain changes and an overwhelmimgemof visual landmarks (Geruschat
and Smith 1997). In an effort to reduce the negative sffe#dield loss, persons with visual
impairments are trained in using grid based tracking and taggeithniques with their residual

vision capabilities.
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Current O& M Technologies

Traditionally, O&M, as an instructional system, iséh®n a series of skills assumed to
be progressively linear in complexity and demand acrossogmueents. Advances such as
actuated (pressure sensitive) traffic signals (time Sgran better be predicted and more
comfortable for low vision travelers to utilize) aretluced automobile noise have combined
with complex urban travel features such as trafficles to make pedestrian wayfinding more
hazardous (Geruschat and Smith 1997) for the traveler amuildr landscapes. To assist the
visually impaired wayfarer, recent breakthroughs sucheRthbocane™ (Blasch, De I'Aune
and Blasch 1994) and the Sonicguide (Farmer and Smith 1997pbéanesuggested as reliable
technological devices to provide supplemental travel inddion. One of the biggest advances
since 1990 has been the development of Global PositioningrBgsvices which are utilized in
conjunction with travel diaries and other trackingtegss to analyze travel patterns (Golledge
1998) and assist in remote location finding for individualggaing in unknown environments.
The objective of these diaries are to associateltmatterns with learned skill sets and determine
if travel patterns change after specific skillsrnag. In addition to technology, O&M instructors
play a key role in planning travel and providing spatialrmi@tion about the travel environment
(Bentzen 1997). The job of the O&M instructor is to pdevsupplemental information to the
traveler and therefore replace information that is wntbbe gathered on site due to the
traveler’s visual impairments.

The remote rehabilitation process utilized by the médmamunity is an effective tool
for health care providers to transmit remote-diagnogismation to rural locations (Tran,
Buckley and Prandoni 2001). Advances in distance learningdledias have begun to support

rehabilitation training techniques which have, in turn, pravidev vision patients access to a
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wide range of solutions to allow the visually impairedi¢tar greater freedom of independent
movement. In a similar manner, O&M researchers emviaiparallel method of transferring
travel data both to trainers and travelers. The inhe@anplexity of both travel abilities and the
dynamics of urban landscape environments make modelingrsystmvoluted and difficult to
implement. Basic environmental and navigational descnptad travel space are by nature,
unique to the individual, complex to communicate, and charagedly due to social or cultural
events. As a result, any data collected in a givemr@ment relies heavily upon human

perception to determine how the information is besizatil

O&M and Geographic Methods

Route knowledge can be defined as the understanding of coemaonmental features
as identifying key landmarks which enable pedestrians to detemmetrics specific to the
desired route (Golledge et al. 1993). Individuals with vigigpairments tend to travel through
the use of landmark recognition, spatial orientation,gattern identification that in many cases
were learned prior to vision loss (Golledge and Stimson 199Bgcause all these factors are
important in a mobility sense, they also become siganii when examining travel problems.
One component of route assessment is identifying thetatien of pedestrian travel spaces.
Landscapes that are developed in grid patterns tend tsiee ®anavigate as opposed to older
cities with curvilinear roads and unconventional crossinggd crossings with traffic islands, at
oblique angles, or five way intersections). The O&Mrter attempts to understand both
vehicular traffic patterns and pedestrian density ovelatigscape routes. Road crossings are
planned based upon the presence of crosswalks, trafficiskbnd traffic regulators (e.g. stop
signs, traffic lights). Individual objects and hazardsamnong the most difficult to predict or

plan for (landscape trees, postboxes, advertisemamiishave been reported to cause severe
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problems for low vision travelers. In an effort tduee onsite evaluation requirements, high
resolution air photographs can be utilized to acquirenaber of travel features through heads-
up digitization methods.

Feature classification methods using remotely colledtgd have been well documented
since the 1976 research proposing a standardized land usevendgystem (Anderson et al.
1976). At this time, feature classification, remotesgamntechniques and GIS models can be
observed in vegetation management (Hagishima and Tanimoto, 20@#tuse analysis (La
Barra 2003, Thanapura et al. 2007), and a number of populatisthgrepresentations (Besussi
and Chin 2003). Orientation and Mobility researchers htse@ utilized GIS applications to
transfer knowledge about travel landscapes (JacobsoniinKL997, Golledge 1991, Buliung
and Kanaroglou 2004). In some cases, travel diariesliereutilized to analyze travel patterns
(Buliung and Kanaroglou 2004, Badland, Schofield and G&0&8), while others are
cartographic representations of routes or regions witilslspecific to low vision travelers
(Golledge 1991). Early efforts to utilize cartographic presléar travel knowledge included
the use of tactile maps to define curb cuts and termapgesllong specific routes (Brouwer et al.
1984). Other maps focused upon the orientation and layoatdffeatures as they pertain to
cognitive abilities of travellers (Golledge 1993a). Unfoatigty, at this time there is no

standard set of variables to represent features spe&cloevtvision problems.

Identifying Low Vision Problems

The many processes by which we as geographers translatenemental observations
into usable data for determining travel routes are usuaaltyoluted and imprecise depending
upon the observer and specific conditions (Stern and P&rti®@§®). As such, our approach to

understanding the relationship between perception and lgeleea become more complex as
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research fields of psychology and geography have matumidcgslines of science (Welsh
1997). Route knowledge by nature is extremely subjective areswaidely by traveler and
location. Current measurements of route knowledgessisgnt include outcome evaluations,
travel diaries, GIS models; data based support systemstyascales and questionnaires (Blasch
and Williams 2002, Buliung and Kanaroglou 2004, Sobek and Mi0€6, Rge 2000, Genensky
et al. 1979). These methods generally involve informatimuiaspecific routes (Golledge et al.
1993, Espinosa et al. 1998) or methods to communicate map dedatiaor audio based
techniques (Jacobson 1998, Jacobson and Bradley 1997, Jaanfd¢itchin 1997). The route
knowledge assessment for this study will be based uponvahlisers from the landmark
Genensky survey (Genensky et al. 1979). The Genensky groegeatchers identified
common problems that are experienced by people wittokgvartial vision, and identify
methods that would better utilize residual vision.

The Genensky survey consisted of 491 questions with yastsoes-no, or big problem-
small problem-almost no problem, as the responses. 43%érof participants were over the age
of fifty and were evenly split between male and femaspondents. A large majority of
individuals surveyed had serious visual problems for overyfaaes with 81% being considered
legally blind but retaining some functional vision. Thisdarark research achieved several
goals: it defined blindness in terms of remaining residuavist measured the aptitude of
visually impaired adults to assess terrain features, statlsshed the need for rehabilitation
techniques to take advantage of residual vision capab{ltiesensky et al. 1979). The intent
of the survey was to identify problems which could be ntédaising residual vision via
training and low vision aids. This was especially impdr&rhe time because a majority of

visual aids were oriented towards indoor or other neariéesi. Since the Genensky study, a
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number of aids for distance viewing (binocular, monocualad other telescopic spectacles) have
been utilized by O&M trainers. A number of devices wése developed for the use of
detecting changes in surfaces, elevation, and otheratdstéDykes 1992). More importantly, a
number of travel techniques and methods used to improve updumalegsion capabilities were
developed from the findings of the Genensky study.

In his research, Genensky (1979) noted that key mobditiakles for the partially
sighted are far more complex then those for thetiomally blind (vision reduced to illumination
detection or worst). For the low vision traveleg thasic element of travel problems can be
directly related to information (or the lack of it) albboe environment. It has been suggested
that route decisions (that a person makes) are a fanaftian individual's ability to navigate that
path (Sobek and Miller 2006). Others attempt to rateltnastependence by utilizing self
reporting visual functions or comfort levels (Massof 2002aglyzing existing travel patterns
(Buliung and Kanaroglou 2004) or even modifying existing rasiygiems found on ski slopes or
golf courses to best predict travel conditions (BlakehGGrow and Penrod 2004). Regardless of
method, the most common metrics of travel independeamceha use of acuity and field of
vision. Common vision acuity benchmarks are 20/70 corrdotathpaired vision and 20/200
corrected for legally blind. Vision field loss is assed as nominal (between 5% and 20% loss)
or significant (greater then 20% loss).

Problem factors are cognitive or environmental featurasmiay result in complications
for the low vision traveler when navigating in an urbami®nment. Many factors would be
indicative of problems for any individual attempting to na\egat wayfind in an unfamiliar
environment. Others are specific to low vision trawe#ard can be assessed with varying

weights depending upon the assigned Vision Class. Manygondiaktors can be spatially
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represented using open source GIS data; others will be depenumba the individual and not
utilized in this case study. Current estimates inditdaat vision accounts for over 75% of
information required for independent mobility (Geruscrad Smith 1997). In addition to visual
acuity and good field of vision; cognitive information, audibhles, and environmental
conditions all play key roles in empowering pedestnaitis travel knowledge in urban
environments.

Previous research into route knowledge demonstrated untterstanding of common
environmental features is the best method of identifying &egrharks, and obtaining route
metrics (Golledge et al. 1993). In most cases, envirotahfEatures are learned by common
travel experiences. A pedestrian gains knowledge abathalp by tripping, or seeing it. The
low vision traveler must use the long cane with a neldrter sensory range. Early research in
cognitive knowledge (Downs and Stea 1973) suggests that yegtecepresentations of the
travel landscape have a significant impact upon theicheal’s ability to navigate
independently. Just as landscape perceptions are impaoitaait factors play a key role in travel
independence. Individuals with vision impairments tend teetitarough the use of landmark
recognition, spatial orientation, and pattern identificathat in many cases were learned prior
to vision loss (Golledge and Stimson 1997). Becauseeskitfactors are important in a

mobility sense, they also become significant whemexiamg travel problems (Figure 3).
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Current methods of understanding the relationship betweeapgi®n and landscape
have become more complex as modern research fiefoby/ohology and geography have
matured as disciplines of science (Welsh 1997). Route kdgelby nature is extremely
subjective and varies widely by traveler and location.r&imeasurements of route knowledge
assessment include outcome evaluations, travel di&i&smodels; data based support systems,
activity scales and questionnaires (Blasch and Williams 2B0iyng and Kanaroglou 2004,
Sobek and Miller 2006, Rge 2000, Genensky et al. 1979). Thesedsiegeerally involve
information about specific routes (Golledge et al. 199pjresa et al. 1998) or methods to
communicate map data via tactile or audio based technicamsh&bn 1998, Jacobson and
Bradley 1997, Jacobson and Kitchin 1997). Of the Genenskndied95% of respondents
reported that they navigate outdoors alone. Of thosedspbnded that they did walk around
outdoors, most were uncomfortable navigating in unfamaliaas. Problems in unknown
environments include objects (e.g. skates, bikes, or casjiageh as those found near parks;
landscape trees such as those found in municipal regindssignage near retail facilities. Other
problems may occur in parking lots, near streets witvyéraffic and construction zones. The
O&M trainer identifies a travelers strengths and weake®gésuch as Table 1 and Table 2) then
utilizes that knowledge to best select vehicular traféitterns and pedestrian density over the
landscape routes that provide routes with the highes@apility of success. Road crossings are
planned based upon the presence of crosswalks, trafficisbnd traffic regulators (e.g. stop
signs, traffic lights). Individual objects and hazardsamnong the most difficult to predict or
plan for (landscape trees, postboxes, advertisemamiishave been reported to cause severe
problems for low vision pedestrians. Each of thesaifeatcan be identified either by using

manual classification methods or by association with féature classes.
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The process of cognitive understanding as a functionalegitof navigation has been
defined as a construct (or schema) that represents gt@npéunderstanding of one’s
surroundings (Golledge and Rushton 1984). Hence, cognitive ngafii mental maps) can be
defined as the process in which individuals gain understaadhogt their travel environment
through data collection, interpretation, and responsg.exBloring the process of gathering,
understanding and reacting to environmental stimuli, thessarchers are proposing that spatial
awareness (or the lack thereof) has a specific radeiirability to navigate successfully.
Travelers who are able to be aware of their surroundingscognitive sense) would be better
prepared to make decisions about potential obstacles tineyace. While some of this
information is already well known (i.e. roads arerenbazardous to cross in commercial zones
as opposed to residential zones), a number of addi#ssalkiations have been drawn from
examining the environment in a cognitive sense.

Since the Genensky study was conducted (Genenskyl&78l), the community of
researchers, therapists and O&M technicians have expémgnitive methods to identify best
methods of assessing travel landscapes. In 1985 a life Sjpagefocused upon familiar
landscapes as a reliable predictor factor for independebility (May et al. 1985). This
research reaffirmed the comfort findings by the Gengsskdy (see Tables 1 & 2 below).
Familiarity, as a factor of independent mobility, mang the most subjective and challenging to
represent (geospatially) for a large demographic of us@san individual client, the distance
from one’s home-space would be inversely related wehathility for the client to navigate
successfully (Buliung and Kanaroglou 2004). Comfort leasdsalso strongly influenced by

demographics and socio-economic conditions within theti@ea.
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Table 1 Question 153 from Genensky et al. 1979 p.38

Circumstances in which Comfortable

Number of
Respondents or

Variable Responses
Familiar streets and blocks-------------------—— e 29
Familiar areas------=--======s=mmmeeem oo 19
OWN Yard-=--=-====smmmeeme e oo 10
Daytime or sunlight-----=========mmmm e 10
Paths or hiking trails--------========mm s 6
Parks or gardens------=-=====-mmmm e 6
DIm day--=========mmmmmem oo e e 3
In company of fully sighted person------------——-----------emceeeuv 3
Woodsy, rocky areas--------=-=========mmmmmm oo 2
Using White Can@-----========mmm oo 2
Uncrowded area--------===========mmmmmmm e 2

OtherS-=-mmmmm e 13
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Table 2 Question 154 from Genensky et al. 1979 p.38

Circumstances in which Uncomfortable

Number of
Respondents or
Variable Responses
Unfamiliar areas-----------=---===--==— oo 21
NIgNt- === o m e e 17
Unfamiliar streets and blocks-----------------——---mmmm oo 9
WO00dSY areas----=--========mmmmmmem e e 6
Paths or hiking trails-----------------=-= - s 6
Parks or gardens-----=-==-===ssemmeem o e 6
RaiN---mmm oo 5
Areas with construction-------=--=========m oo 5
Areas with steps------==-s=-meemmm e e 4
Paths or hiking trails-----------------=-- == 4
Dim cloudy day----============semmm e 3
|solated ar@a------====-======eemmm oo 2

Others---m-mmmmmm oo 8
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The visual acuity of a traveler is just as impor&sthe cognitive knowledge an
individual possesses. By learning information about a Iewwitraveler’s acuity limitations,
the O&M trainer has a better understanding of potentiadtds to the client. Acuity plays a big
part in detection of approaching traffic, reading navigasigns, and scanning for hazards such
as tree branches or toys on the travel path. Eacblér has specific awareness capabilities and
has a sense of their most comfortable viewing distaj@@esischat and Smith 1997). Acuity
based environmental assessments are utilized by bothafidrtainer to get a sense for
environmental nuances that enable the traveler to makevgmguhding decisions and improve
independent mobility.

Travel environments are every bit as influential falependent mobility as cognitive
knowledge and vision acuity. A pedestrian friendly enviromnean provide a safe environment
for a wide range of travelers; whereas hazardous envimnasrfrequently require a higher level
of expertise (either using advanced cognitive knowledgasarn acuity). Handrails for stairs
frequently put the traveler on notice that there is atibbe an elevation change (either positive
or negative); crosswalks and sidewalk curbs better dedme surfaces and crossings; and signs
with large clear text provide necessary details abavigating in urban landscapes (Bentzen
1997). Elevated pedestrian crossings for major intesstédi®v low vision travelers to access a
wider range of services and facilities. Busses allownMsion travelers to navigate safely far
beyond their home space (May et al. 1985), enabling themdépendently take care of essential
and recreational needs. Newer traffic controllersetaudible aids to assist at crosswalks and
notify oncoming traffic of high use pedestrian crossin@sher environmental features such as
raised surface mats or stripes have also been usedsing®with some success (Bentzen

1997).
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To date, cognitive studies in low vision travel havedgfly examined local features
(Tellevick 1992, Jacobson 1998, Golledge 1999, Garling and Golledge BYQjilizing
feature classification for route suitability, O&M tnairs can now get a big picture view with
small scale mapping features. Associating travel prabisitin geographic attributes can remind
urban planners of the significance of including disabled @tjoums in new design requirements,
and serve as a reminder to municipal decision makers adwssibility features are debated.
Transportation factors are far more objective thenfodntevel factors, but still represent a
complex network of hazards. Streets and road surfapessent one of the most significant
hazards to low vision travelers, conversely, sidewadgksesent safe travel lanes. Years ago,
navigating across a road was an easy task. Vehicledoueler, road crossings were
conventional and stop signs were more prevalent (Bargar 1989). Modern vehicles are
difficult to detect for severely impaired travelers do@uieter engines. Traffic islands and right
turn on red light laws cause significant problems for lasion travelers (Barlow et al. 2001).
Actuated traffic lights prevent low vision travelersrn timing the red light cycles (Sauerburger
1995). Traffic circles or curvilinear intersections canse significant problems for individuals
dependent upon straight line travel with a clear and ded¢ihed path (Bentzen 1997). Engineers
are challenged to provide accessibility crossing sgyffdagure 4) to provide audible cues to aid
low vision travelers when crossing multiple lanesraffic (Sauerburger 1995). Travel paths
vary greatly dependent upon local features, demographics asdyttificance of the adjacent

road network.
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Figure 4 Improved Pedestrian Signalsin Savannah GA

3. METHODOLOGY

In order to append risk to environmental factors the phyaludities of low vision
travelers are taken into consideration. To provide ‘figsiuitability outcomes, four
classifications have been established to adjust for dyiginitations. For each classification, a
risk index is used to represent how the environmentalraatgact the overall suitability of the
landscape. Additionally, weights are applied to theindex based upon dynamics that occur in
urban landscapes. The intent of weighting the ridiexnis to more accurately model conditions
and features that influence independent mobility suitabilEgvironmental factors that are
considered have been classified based upon their redaiiipto an individual's travel ability in
the specific environment. Theses factors include traremtfeatures, land use regions,

illumination data, and temporal features. Each of tifesers will be discussed in detail below.
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Vision Classfications

To assess geographic features, acuity and field loss hameubkzed to apply weights of
each factor that may cause travel problems. Fossiélzations are utilized to allow O&M
instructors to adjust the outcomes of this project foripatients. Vision Classification 1
(VC1) covers individuals who have acuity problems (gmrethien 20/70 corrected but less then
20/200) with nominal or better field of vision (less ther20ss). People in VC1 typically
have some trouble reading text or street signs in higk glalow light situations, but are
generally able to detect large objects, road crossingher bazards. Vision Classification 2
(VC2) covers individuals who have acuity problems (gmrethien 20/70 corrected but less then
20/200) with poor field of vision (greater then 20% field losBeople in VC2 have trouble
detecting large objects, road crossings or other hazatdghrglare or low illumination levels,
but can navigate without the use of a long cane during led@sod illumination. Vision
Classification 3 (VC3) covers individuals who have sewengty problems (greater then 20/200)
with nominal or better field of vision (less then 2084d). People in VC3 may have significant
problems reading street signs, identifying safe travebpatid detecting hazards even in good
illumination. Long canes may be utilized at all timasd significant O&M training is helpful to
maintain independent mobility. Vision ClassificatioMC4) covers individuals who have
severe acuity problems (greater then 20/200) with poor flalésmn (greater then 20% loss).
People in VC4 require the use of a guide dog or long canavigate most of the time and

depend a great deal upon existing cognitive knowledge of traweg.

Environmental Classifications
In this study, road networks are classified in thres ti@sed upon their highway speed,

and number of lanes (described as significance ab&@dd Class 1 (RC1) roads are limited
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access roads (and most difficult to cross). Thes#sraee most likely to be interstates or high
volume roads (such as bypasses or other form of exprgssWwhey are characterized by having
higher speed limits (generally greater then 50 miles par) lamd few traffic regulators (e.g. stop
signs, red lights, traffic circles). Pedestrian ciragsare typically limited to overpasses or
pedestrian bridges. As a result, RC1 roads may acbasiar for many low vision travelers.
Road Class 2 (RC2) roads are designed to transfer tilatidrom limited access roads to local
access roads. They frequently have midrange speed (frois 30 miles per hour to 50 miles
per hour), may have two to four lanes of traffic, and ealarge array of traffic regulators (e.g.
stop signs, signals, or traffic circles). Additiogalinany intersections of RC2 roads have
crosswalks to provide safe crossing lanes and improvelitisior vehicle operators. Road
Class 3 (RC3) roads are local access roads. Thesaltygiave low speed limits (under 30
miles per hour), and traffic is usually regulated using stgps (although some traffic lights may
be utilized). Additionally, RC3 roads typically have yptwo lanes of traffic to cross.

Travel paths will be grouped together in a single clasgidbn. Sidewalks are the most
frequently utilized travel path and can be frequently olexsbnear RC2 and RC3 roads. They
are typically 3 to 6 feet wide and may be bounded bydhd curb on the road side. In city
parks or other open spaces, travel path surfaces may loe gigvel, but typical sidewalks are
composed of concrete. Unfortunately, in many commeaceds, the sidewalk areas may be
cluttered with signage or other obstructions. Otherspartation factors will be collected in
separate feature classes. Crosswalks represent @ssengrzones for pedestrians and are
designed to remind vehicle operators to be aware of pogshlkstrians crossing in these zones.
Conversely, traffic islands represent significant hdzao the low vision traveler. These

medians typically do not have crosswalk markings andwage motor vehicle operators to
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continue traffic flow without slowing for the intergem. Public transportation routes enable
low vision travelers to cross very hazardous intersesti Additionally, many modern busses
and trains have audible cues to alert the passenger of upcstoypsy Public transportation
empowers the low vision traveler to access distanicgs and goods.

Land use data is a general indicator of travel conditidfor this study, land use data will
comprise of three primary feature classes: commero@lstrial, and residential. City parks,
urban forests and vacant lots are difficult areassesas While they can provide safe travel
zones in urban environments, low vision travelers mag ewuble identifying clear travel
paths, locating key waypoints or hazards. Dependent upamtand surface features, these
landscapes may be of great benefit or great hazare fowhvision traveler (Geruschat and
Smith 1997). As a result, parks, urban forests and vémznwill not be assessed as a land use
feature class. Two additional subclasses will be atitizparking lots, and construction zones.
Residential land use zones typically have local acwests (RC3) with lower speed limits and
more frequent stop signs. Industrial and commercialszare both more likely to have RC2
type roads with higher speeds and wider lanes. Commeoriak also have large parking lots
that may cause problems for individuals with field ofwjgroblems. Construction areas may be
in either industrial or commercial zones.

lllumination is very important for the low vision trdee when navigating outdoors
(Table 3). Glare, contrast and Ultraviolet (UV) raidia present significant problems for urban
pedestrians with visual impairments. To identify regioith Wigh glare potential, the
Restrahlen effect (backscatter illumination is comgasferimary illumination minus absorbed
illumination) will be utilized to identify natural (vegeian) surfaces from man made surfaces

based upon significant changes in pixel values (Elachi andyl 2006).



Table 3 Question 166 from Genensky, Berry et al. 1979 p. 42
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Number of Respondents

Do you walk alone Outdoors?

Yes Sometimes No
In bright sunlight 79 4 6
On a cloudy day 82 4 3
At twilight 61 14 14
At night on brightly lit streets 42 13 34
At night on dimly lit streets or in moonlight 31 10 48

At night when it is very dark 30 6 53
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It is proposed that given discomfort glare constants fpoevious research (Kim and
Koga 2005), glare, contrast and UV radiation can be reynptetlicted by examining the
contrast between natural and man made reflectivecasia urban landscapes. This problem
is significant because parking lots are commonly situaged office buildings with high
illumination backscatter. Other buildings (such aséhfound in multi-family dwellings, hotels,
or other similar establishments) tend to have filteredsgtat other devices that absorb and
reduce backscatter. Natural surfaces and vegetatidniaenave the least amount of reflective
surfaces and the greatest absorption of radiatiorl baatiwidths, but most importantly in the
upper visible and UV frequencies. These metrics can leedtilo predict changes in
backscatter illumination due to environmental (naturahanmade) conditions.

Most temporal features are either event based; suichfis congestion near schools, or
commercial districts; or illumination based; suchieggons of high glare or low illumination.
Because temporal features are dynamic, any influences oyvondion travel are directly
related. Geographic features will be utilized to represEmporal events. Some geographic
features have a significant impact upon vehicular traf8pecific locations such as school zones
can have a significant impact upon vehicular traffierowvide areas (Saibel et al. 1999). In
addition to local school zones, bussing systems haigndicant impact upon traffic flow
during these peak times. Traffic delays frequently reswathigher number of drivers who take

on greater risks then those who drive during hours of loraéfic density.

Integration & Weighting of Factors
The definition of an individuals impairment has beercdbsed in terms of visual
efficiency (Massof 2002a). For this study, visual efficiemaly be represented by two variables

acuity and field of vision. As discussed previously, thesevariables will be expressed as four



30

separate classes. The problem factors all have camlttiat influence low vision travelers
differently (table 4). To quantify this risk, a ratingate from 1 to 5 (very low risk to very severe
risk) will be utilized to assess each problem factorimseof the net effect upon a low vision
traveler. The outcome of this table illustratesribeeffect of field of vision loss on an
individual. The values of each field were obtained frevious studies (Massof 2002a,
Genensky et al. 1979, Sauerburger 1989, Sauerburger 1995, Barlo@0étla May et al. 1985,
Geruschat and Smith 1997). Each factor will also fédl one of three classifications in order of
their influence upon the Vision Classes. Some factud) as travel paths, roadways, and
crosswalks represent tangible objects (or routes) #rabe measured and have a very significant
influence upon independent mobility. These featuresbeikissigned a weight of 1. Other
factors, such as illumination, have less significafluence, but at times have a very significant
influence will be assigned a weight of .75. The thiraugrof factors are land use features.
These features provide generalized knowledge about landsg@best specific details. As a
result, their weight will be .5 or one half the siggaihce of travel paths, roadways and
crosswalks.

To determine the assessments for the familiar areapiggpof problem factors, the
Genensky study (1979) and the Life-Space assessment (Mhay885) were utilized to define
those fields. Most travelers appear to be more coaff@rtnavigating in their immediate
neighborhood and to frequently used bus stops, but had\slgbre problems accessing local
services and places of worship because of increased padéesdffic in both locations.
Additionally, because familiar locations are moreliik® be utilized, they are typically utilized
for comprehensive assessments and training by O&M spesiali;fortunately, any metrics of

familiar areas are extremely subjective and diffitoilaccurately assess.



Table 4 Problem Factor Assessment

Problem Factors Weight VC1 VC2 VC3 VC4
Home Space 0.5 1 1 1 1
Neighborhood 0.5 1 1 1 1
Local Bus
- Stops 1 1 1 1 1
Familiar Areas 0 'Parks 1 1 1 1 1
Local Church 0.75 2 2 2 2
Local
Services 0.5 2 2 2 2
RC1 1 5 5 5 5
Roads| RC2 1 3 4 4 5
RC3 1 3 4 3 4
Travel Paths 1 1 2 1 2
Transportation Crosswalks 1 2 2 3 3
Public Trans
Rt 1 1 1 1 1
Traffic
Islands 1 4 5 4 5
Residential 0.5 2 2 2 2
Commercial 0.5 3 3 3 3
Land Use Industrial 0.5 4 4 4 4
Parking Lots 1 3 4 4 5
Construction 1 4 5 5 5
[llumination Glare 0.75 4 4 4 4
Temporal Schools 0.75 3 4 3 4
Churches 0.75 3 4 3 4

31
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Transportation features on the other hand are well daaeiche To be specific,
Sauerberger and others have written at length aboabthplexities of road crossings and
navigating in urban environments (Sauerburger 1989, SauerburgeBE9Bby et al. 2001,
Bentzen 1997). Major interstates and limited access ¢dd$) are hazardous to traverse even
for individuals with complete visual efficiency. Hovery RC2 and RC3 type roads have a wide
variety of traffic controls and crossing types which paove to be challenging for individuals
with poor fields of vision. Lane widths are very sigrafit when it comes to road crossings
(Barlow et al. 2001). When faced with multiple lanesraffic, people with severe acuity
problems can have difficulty viewing crossing indicators. assist, many pedestrian signals also
have audible cues to assist crossings. Unfortunatéfyngeupon pedestrian signals are not
enough to safely guide low vision travelers (Sauerburger 19%%j)anced skills are currently
taught to assist travelers in judging distance and vehisped, by classifying roads based upon
speed limit and lanes of traffic, O&M trainers would hawere information for best route
selection.

Across the urban environment, sidewalks rank as one testeguides for navigation
and wayfinding (Golledge et al. 1993). Most urban sidewalis gaod contrasting surface
textures and colors and in general follow straight paltsg side roads. Lately, engineers have
been installing warning surfaces (also known as blisteredmaue to indicate upcoming traffic
intersections (Bentzen 1997). Street curbs provide goodadatisplacement for long cane
users to indentify road surfaces. Crosswalks actfazeaes when crossing busy intersections
and provides significant benefit for low vision pedestrigsnensky et al. 1979). They act as
a visible guide for locating the far end of the intetma for travelers with poor field of vision or

severe acuity problems. Traffic islands are quitetiposite (Bentzen 1997). They present
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significant problems for the visually impaired because fretyeghey do not have crosswalks to
assist travelers, they allow oncoming traffic to yielth oncoming traffic, and they do not
require vehicles to come to a stop (and see any pedestri

Public transportation provides low vision pedestrians wghiicant opportunity
(Genensky et al. 1979). In the Genensky survey, over 80&spbndents use public
transportation, with detecting upcoming stops being the frexgient problem reported. Of late,
many municipal transit systems have added audible cuesdbthsgraveler in identifying their
desired stops. Furthermore, many stops have tactile tma@ssist in route orientation and
timetable recognition.

Land use features provide the O&M trainer with good genediizformation about a
specific region or environment. Some O&M researchdi®cate the use of land use data to
assist in building route knowledge (Buliung and Kanaro@io®4). This study focuses upon
three major land use classifications and two geographigrésa Residential land use classes
typically have RC3 roads with a high frequency of stop sigtisu of traffic signals (Anderson
et al. 1976). Commercial and industrial have a higher freau@inRC2 roads, with increased
vehicular traffic and a large number of parking lotsrkig lots provide unique problems for
low vision travelers (Bentzen 1997, Geruschat and Smith 198M% becomes especially true
where there is little contrast between the road sarfsidewalk and parking lots. To mitigate
orientation problems, retailers are encouraged to usechigfinast paint and parking bumpers.
Construction zones are hazardous for individuals withvision capacity. Closed sidewalks
and uneven travel paths make construction zones aréasavoided.

Temporal regions are areas which at certain periotimefprovide significant problems

for the low vision traveler. The two features disedsm this study (schools and churches) both
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have significant periods of high vehicular and pedestiainity (Genensky et al. 1979). As a
result, many temporal problems can be mitigated by adgustvel routes or times to avoid
peak periods. Additionally, because both feature types\eydimited footprints, their area of
influence is limited in scope.

Travel landscapes with high contrast ratios and logstwith a large number of
reflective surfaces (windows, roads, lakes, etc) preabengreatest challenge in regards to
travelers having to struggle with lighting effects(Gerusemat Smith 1997). Kim & Koga,
(2005) quantify the physical impact of glare, regardlesgps, as a function of the luminance of

the source divided by the luminance of the background in a mammiar to the contrast ratio

X . . . :
C, =— frequently utilized by remote sensing specialists (Sabins 19F&prtunately, in the

r
min

context of this research project, providing contrasb riaformation alone is not enough. Both
Genensky, (Genensky et al. 1979), and Geruschat, (Gerastch&mith 1997) posit the need to
highlight regions of high brightness and point locativhgre a traveler may navigate between
regions of high to low glare potential. As a resulaawith high reflectivity will be identified as
somewhat hazardous. These values may be extracte@ftbophotographs using the ESRI
Spatial Analysis extension. The brightness value ot @axel will be clustered and converted
into vector format (polyline) using the contour obje€his technique is similar to those utilized
in estimating subsurface volumes in other applicat{nse 2002). Each polyline represents a
value interval of 10 units. Once calculated, the outlieuser 25%) of the polyline set are
identified and extracted from the main set of polylinéihis set of outliers represents the
brightest and darkest pixel regions of the orthophotographsse regions are then assigned
their appropriate problem factor value based upon thevweldistance from the brightness mean

value (see Figure 5).
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Figure5 lllumination/Glare Data in Midtown Atlanta
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Implementation in GIS

Each problem factor is represented by geospatial feaassed. Road feature classes are
can be obtained from a number of sources. In thisstasky, road centerlines were exported
from the ESRI Data and Maps set (ESRI ©2002), along vtinath and school locations utilized
in the temporal feature dataset. Land use feature slassebus routes were exported from the
Atlanta Regional Information System dataset (ARIS 200®)mination, travel paths,
crosswalks, parking lots, construction zones and trafmds were all extracted from the
National Map orthophotograph (USGS 2008).

Figure 6 (below) illustrates the process of convertiegfélature classes (that were
selected as problem factors) into a composite rasteptesent the overall travel suitability. In
the first process, a two meter grid was created usinfistineet Arc object; then converted to
polygon using the intersect Arc object in the ESRI toolblsxorder to prevent memory resource
problems, the outcome grid should be no greater then 150 8Q0ds. If the area is larger (the
case study area contains approximately 1.4 million polydgmesking the coverage into smaller
feature classes is recommended. Linear feature clagseduffers
(Step 2) appended to them to represent the spatial footpint {patures also have calculated
buffers based upon their area of influence, such as schoobuffered to school zones). The
width of the buffer depends upon the feature classhdmtase of RC1 (interstates or limited
access roads) these buffers may be up to thirty metdeshaised upon measurements extracted
from the orthophotographs utilized. Travel paths are&fly buffered 1-2 meters depending
upon the average values obtained from the overhead photog¥aph for each feature class, an

intersect was calculated to fracture the created Isuiiféo the two meter grids
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(Step 3). New fields were built for the influence valued problem factor values (step
4-5). Each feature class was calculated with the profaetar values in Table 4 (step 6-7).
After the fields are calculated, each problem factoaskt is aggregated into the main problem
factor data classes (transportation, land use, illutioimaand temporal); then into a composite
feature class to be converted to raster. The polygoaster Arc object is used to blend the
Vision Class outcome values for each feature datasetvaigh the values by the influence
attribute field while converting the data into the ragbemat (step 8).

lllumination data is calculated from available projecedal photographs using pixel
values that represent contrast. The photographs arertedyo a polyline dataset using the
Spatial Analysis ArcGIS extension with the pixel brigggs value utilized as the predominate
value. The variance of the polyline brightness valuesalculated to isolate those regions that
represent the brightest and darkest regions of the plagtiogr The outlier regions (upper and
lower 12.5%) are then selected and exported. The expmotédurs are converted to raster; then
converted back to polygon. The polygons are loaded het@aforementioned summary polygon
features then converted to raster by vision classificagioups. Color ramps will be utilized to

express favorability in descending order using the finaliaster data.
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4. CASE STUDY

The area of Atlanta Georgia known as Midtown was sedeas the case study area
because of its wide range of geographic features. In plartihe region extends from".3treet
(northern edge) to North Avenue (southern edge), and isdeduvy Georgia Tech and Interstate
75/85 (western edge) to the Virginia Highlands neighborheastérn edge). The western part
of the study area is mostly commercial and industrialenthié eastern portion is mostly
residential. Two major roads (18treet and Ponce de Leon/Highway 75) are major east—wes
corridors for vehicular traffic and Piedmont park is M«@bwn for its many festivals and
celebrations. There are a number of historic homéstude the Margaret Mitchell House,
tourist attractions and restaurants that make Midtowangdl a complex urban landscape
(Figure7).

Like other remote sensing feature classification systems, this study utilizes high

resolution aerial photography from public sour ces such asthe National Map (USGS 2006),
Google Earth (Google 2006) and the Terraserver (Microsoft 2008). Becausethe
identification of potential urban pedestrian routesis essential to the classification system;
the use of imagery with aresolution of one meter or better isadvised (Figure 8).
Additionally, because the imagery will be used in conjunction with GI S data so rectification
to a standard projection will berequired also. Thedata in thisresearch study utilized the
North American Datum 1983, Universal Transverse Mercator zone 16 North with the unit
of measurement set to meters. Theimagery in this study was downloaded from the
National M ap (USGS 2006).

The density of available travel paths is positively eglab independent mobility. For

this study, a travel path is designated as a path wingégérfor a single pedestrian to pass
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without hindrance and has a clear demarcation betwegpath and possible hazards. Examples
of appropriate boundaries may include street curbs (veeigakssion) surface textures
(vegetation or soils) or other physical structure (fenbasdings or parking bumpers). Gaps
between travel paths may be a result of roads, cush @iroad crossings or open parking lots.

It should be noted that there are some regions with feaegl paths, this may be related to the
block size or may be due to worn or overgrown travel pailie land use dataset used in this
case study was obtained from the Atlanta Regionalnmétion System (ARIS 2002). To
examine the land use distribution of travel paths irctse study area, the land use feature class
was aggregated using the dissolve Arc object(Figure 10).trawel path raster dataset was
merged with the land use feature class to adjust fonthence that features in each land use
type has upon the goodness of the travel path segmeettraMel paths were then aggregated
based upon the land use attribute and calculated. Inabesstudy, it appears travel paths
account for approximately 4% of total surface areas &i#b of the travel paths in residential

regions followed by 40% in commercial land use regions.

Metadata posted with the data indicated that the inyagas flown in 2002 by Photo
Science Inc for the United States Geologic Servicenaasorthorectified using the national
elevation dataset (see appendix A). In lieu of panchaticnmmagery, three band color imagery
was used to get a better sense of contrast with &rps@lution of 0.3 meters. The first step of
examining significant travel paths was the acquisitibsidewalks and travel paths via heads up
digitization methods (Figure 9). Centerlines were drasgre sidewalks were apparent in the
case study area. In areas where it appears that $idesoatinued but visibility was blocked

were interpolated and verified via other data sourceshgp:/maps.live.con)/ In parks and
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public spaces, the centerlines of visibly distinct trgaths were traced and recorded. In
separate feature classes, crosswalks were drawnydis@déatures, along with traffic islands as
polygons. Road networks and bus routes were extracteditfio ESRI Streetmap dataset and
clipped to the extent of the study area. Each featuss wlas converted into two meter raster
grids and combined into the Transportation raster dataset.

Road networks separate regions in terms of economigltora features and frequently
represent significant environmental changes or barrfepecific attributes such as road width
and speed limits play a significant role in determining ledfective those boundaries can be.
Other traffic control regulators such as stop signsedi traffic lights, actuated traffic lights or
traffic circles, are designed to enable pedestrians 8% dnasy city streets. The O&M
community has put forth a series of training programs tistagsually impaired travelers to best
understand how traffic control devices regulate pededtaan In addition to improved
knowledge about urban pedestrian landscape, the O&M commumikg closely with
governmental agencies in order to enact legislatiompwave pedestrian accessibility.

The road layers in this study area were collected fraEnvironmental Systems
Research Institute street map dataset (ESRI ©2002). Hesipan travel paths, the significance
of each road crossing is dependent upon several varidiWesof the most significant variables
include the width of the road (number of lanes) and theedagpeed limit of the vehicular traffic
on the road. Inthe extreme, road crossings mayepimbe a barrier for the low vision traveler.
Similar to travel paths, road networks have a distpattern based upon posted speed limits. In
urban environments roads with posted speed limits over 58 pelehour are in general multi-
lane (6-12 lanes in the study area) with very limitexzkas. Roads with speeds between 30 and

50 miles per hour can be seen as network roads thagé@donal access roadways to major



43

access roads. There appears to be a positive relaipdoetween posted speed limits and the
number of traffic lanes in the data studied in the sasdy. But an overall negative relationship
exists between travel lanes, traffic speed, and indepena=bility (table 5).

Both speed and lane number attributes have a negativiemstap upon independent
mobility. The table above indicates that a majorftyoads in the study area have posted speed
limits of 30 miles per hour (mph) or greater and aretégta mostly commercial regions. An
evaluation of multilane roads indicate that most roaitls speed limits under 30 mph are two
lane roads. As speed limits increase over 30 mphikiglédhbod of a multilane road increases
with all limited access highways having speed limits ®&mph (Figure 11).

As roads lanes increase and speed limits increaseeduefor crosswalks increase.
Crosswalks have a strong positive relationship wittegendent mobility (Table 6). Crosswalks
have been defined as an extension of a pedestrian piaretlesigned to aid in safe crossings of
road intersections (Zegeer et al. 2005). In the stusly, &here are just over 100 crosswalks that
were collected using heads up digitization methods throughostt land use regions. While
there are additional attributes (contrast, reflectistyle) that may influence the effectiveness of
crosswalks in urban landscapes, this study will not tiadmn into consideration. Of greater
importance is the distribution of crosswalks by land Usesdication and by the speed limits of
the intersecting roads. Once again, commercial ciisthave the largest percentages of
crosswalks, accounting for almost 75% of intersectioitis evosswalks (Table 7). Additionally,

roads with higher speeds appear to be more likely to havieeghintersections (Figure 12).
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Figure 8 Aerial Photograph Mosaic of Midtown Atlanta



Figure9 Travel Pathsin Midtown Atlanta
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Figure 10 Land Use Classificationsin Midtown Atlanta
(Blue-Residential, Green Commercial, Pink-Industrial)



Table 5 Road Speed Limits (Percent of Total Length) in Land Use Classification Regions

Sum of percentage Column Labels -

Row Labels -
COMMIERCIAL
FOREST
IND/COM
INST_INTENSIVE
LTD_ACCESS
PARK LAMDS
RE5S HIGH
RES_MED
RES_MULTI
TRAMNSITIOMNAL
URBAM_OTHER
Grand Total

10
0.41%

0.47%

0.89%

25
29.54%
0.09%

2.56%
1.73%
0.71%
24.71%
0.10%
4.26%
1.61%
2.59%
67.91%

(asa Total Percentage by Miles Per Hour)

30 35
12.06%

0.86%
0.17% 1.11%
0.47%
2.12%
3.39%
0.21%
1.07%
0.71%
0.33%
0.63% 21.85%

4.95%

0.29%
0.07%

0.74%
6.05%

65 Grand Total

46.97%

0.09%

0.86%

4.12%

2.68% 4.95%
2.83%

28.10%

0.31%

5.80%

2.32%

3.66%

2.68% 100.00%

a7
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Figure 11 Roads and Expresswaysin Midtown Atlanta



Table 6 Question 169 from Genensky, Berry et al. 1979 p. 43
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How do you cross the street in daytime
with any aids that you use (Q169)

| use traffic signals and crosswalks

| cross when other people cross

| use cars as an indicator

| note when cars are in motion or at rest
| listen to the sound of traffic

| am able to see traffic signals

| am unable to see traffic signals

| view the adjacent signal

| use my white cane to indicate to drivers that leha@uble seeing
| use the crosswalks

| listen for traffic

| don'’t cross streets alone

| listen to clicks in the traffic signal

Number of Responses

23
22
21
21
20
11
10
6
5
3
3
3
1




Table 7 Crosswalkswith Land Use Classification Regions and Speed Limits
(as a Total Percentage by Miles Per Hour)

Sum of Percentage Column Labels | -

Row Labels
COMMERCIAL
INST_INTENSIVE
LTD ACCESS
PARK_LANDS
RES_HIGH
RES MED
RES_MULTI
TRANSITIOMAL
URBAN_OTHER
Grand Total

- 25
44.63%

4.76%

1.50%

5.78%
0.52%
0.98%
0.58%
0.66%
50.41%

35
27.54%
1.11%

2.30%
3.29%

34.24%

2.10%

1.67%
0.32%
1.30%
5.38%

65 Grand Total
0.64% 74.90%
5.87%
0.33% 1.83%
2.30%
9.06%
0.52%
2.65%
0.90%
1.96%
0.97% 100.00%

50



Figure 12 Crosswalksin Midtown Atlanta
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Just as paths can be intersected by roads, parking lotauss significant problems. If
parking lots are not marked with bright parking bumperssphalt markings, low vision
travelers may have trouble differentiating the sid&vpalth from adjacent parking lots. Changes
in surface color, texture, and elevation have a sicamtiimpact upon low vision travelers. Low
vision travelers frequently report problems where thezeeatensive paved surfaces (Figure 13),
such as parking lots, shadows, and stairwells (Geruaakda®mith 1997, Bentzen 1997). Long
cane users frequently utilize the vertical expressiondmtvgidewalk and road surface as guides
to assist orientation. In addition to parking bumpers, cutb for vehicular access to parking
lots can be difficult to identify unless there is atuhict color difference between the parking lot
and sidewalk surface (e.g. asphalt parking lot next to etmsidewalk). Similar to parking lots,
playgrounds or

Traffic islands and circles are medians or raisedased at intersections or in divided
roads that are intended to provide pedestrians a safa hdnn crossing large streets or to
provide a traffic regulator at busy intersections. Tlstnrequent style of traffic island in the
case study tends to lie between a right hand turndadédraffic lanes intended for crossing the
road. They typically do not have crosswalks althoughnthin intersection may have them. In
Figure 14 (below) this object is especially hazardous be¢hase is no crosswalk to indicate
the optimal path to the island nor is there any tatfgulator to slow or warn the traffic in lieu
of a pedestrian crossing. These locations were igesohtily utilizing heads up digitization
methods with the aerial photographs discussed previouSli¢¢8J2008) (Figure 8). Figure 15
below shows the location of several traffic islafoisrked red against green travel paths) that

pose significant hazards for low vision travelers.
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Figure 13 Parking Lotsin Midtown Atlanta
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Figure 14 Traffic Island at Intersection in Midtown Atlanta

Bus route data for this study was obtained from thentdl®egional Information System
dataset (ARIS 2002). The ability to utilize public transaiioh enables a low vision traveler to
expand their travel space significantly. An individuattban utilize municipal transit systems
with some level of confidence can greatly impact theledom of mobility. It is a mixed
blessing that bus routes are typically located along ribedisre very difficult to cross. The
savvy pedestrian may even ride the bus route to crosspecially hazardous crossing or travel
to an easier intersection for crossing (Figure 14). Gé&eensky study indicated that a large
number of respondents take advantage of bus travel (TabWI&)e some travelers have
difficulty in identifying unfamiliar stops and routes, tlosv vision travelers surveyed by the
Genensky group appear to be able to overcome problems. Basethepiodings from
Genensky, it can be assumed that public transportatides@are beneficial for improving

independent mobility (Figure 16).
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Figure 15 Traffic Islandsin Midtown Atlanta



Table 8 Questions 176, 178 from Genensky, Berry et al. 1979 p. 42
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Bus Travel Alone

Number of
Respondents or
Responses
(Q176) Bus-Taking n=89
Y @S- mm e e e e e e e e e
[0
(Q178)How Frequently? n=78
 =To [ =] g
Occasionally-----==========eemmm e e
Rarely------------—- e

Percentags
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Figure 16 Public Bus and Subway Routesin Midtown Atlanta
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The classifications used in this research haverdauof features, objects and subclasses
that provide some level of influence into wayfinding andignation for the low vision traveler.
Independent travel can be examined as a metric by sunmmggaitie net effect of each feature
previously discussed. Some of these features haveinilmence or weight then others. This
influence is a metric of two things, the severitytted problem for the traveler and the
distribution & density of the feature occurring with inetcase study area. Because this study
was designed for a GIS platform, each feature clasagsgned an attribute to represent its
influence upon independent mobility in terms of acuitg aald of vision. While field of vision
is utilized in this study in a secondary role, it i stitremely significant in some environments.
Because independent mobility is the net outcome of alexfe positive or negative variables, it
can be expressed as the sum effect of each variadite gbverity and distribution of the
variable). While GIS data provides a good summationaifife classes as potential travel paths,
the objective of this research is to combine the ‘goadriastors of each layer utilizing to
assess the overall travel environment in the urbamgett

Examining the outcome graphic, it is immediately appdteitthere are a large number of
hazardous regions. In particular, a number of congtruzbnes located along the western
guarter of the map have closed nearby sidewalks and tratsl paéveral trends are apparent in
the map outcome. First, the appearances of sidewalksasglvalks occur more frequently in
commercial areas then in residential. Illustrating gint is the residential zone in the center of
the map, while most roads have sidewalks adjacent Hrervery few crosswalks in that
neighborhood. Second, there appears to be no cleaomslap between land use classes and

traffic islands, in fact; traffic islands appear todigributed equally between commercial and
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residential districts. Third, there appears to be sefationship between a road’s speed limit
and the number of lanes of traffic on that road. Télationship resulted in the road speed
classification (with 30 mph and 50 mph as the claskbjadilized in this study.

Features that have been observed as part of the vissslmmtdude crosswalks, roads and
traffic islands. Both traffic islands and roads are/\ezardous travel paths with negative
relationships towards independent mobility; whereas crdkswarve as travel guides across
road surfaces and have a very strong positive relatjpmgth independent mobility. Visual
classification features also have a strong relatignsith land use classifications (cognitive).
Both road speed limits and number of lanes are relat@shdouse classes, and crosswalks appear
more frequently in commercial zones then others.

Environmental features such as parking lots, construztioas have a strong negative
relationship with independent mobility. City parks and oppatss are harder to evaluate.
When city parks have good pedestrian trails and pathgwvrall significance is diminished
when compared to parks that have large open spaces withoked travel paths. These spaces
have similar on visually impaired travelers as large parlots. Parking lots (especially those
without clear marking) can provide serious problems frorar@ntation sense. Construction

zones are also hazardous because of heavy equipmeangitsed sidewalks.

Interpreting the Outcomes

The final outcome product is a summary of transportdéatures (roads, bus routes,
travel paths, crosswalks, and traffic islands), landfesires (residential, commercial,
industrial, parking lots, and construction zones), temgdeaiires (schools and churches) and
glare data extracted from the image brightness valdash layer was assigned a value to

represent the hazard potential for each feature (ab awter resolution). Because each factor
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has differing levels of influence upon the outcome, aaldeiwas added to indicate the level of
influence each feature has upon the final outcome arghtesi into the final outcome raster. A
summary of the final outcome data indicates that 45%eproblem factor data was weighted at
a .5 influence value. This indicates that a majoritihefcase study surface area evaluated were
represented using land use feature classes. Of the saad$G was represented by roads,
travel paths or other objects weighted at a 1.00 influealtee. The remaining 25% of the
surface consisted of temporal features or glare hot Hmaitsvere weighted at a .75 value.

The first outcome map examined (VCL1) is mostly suitédriendependent mobility with
few areas representing significant hazards (Figure 1Te aVerage risk factor for VC1
travelers over the case study area is 2.6 (indicatingegisk of travel). Of the analyzed surface
area 38% of the region is represented having a low risk pndialetor (value of 1-2). Travel
paths and public transit routes, account for 8% ofdted surface area and have full influence
weighting (1), play a key role in the low risk outcomeAdditionally, 53% of the surface area
outcome is represented as having a moderate risk faetioe(ef 3). Road surfaces and
commercial land use districts are the most signifiézetiure classes (just over 30% surface area)
with moderate risk factors. Interstates (RC1) areotilg surfaces (3% surface area) rated as
very severe in the VC1 outcome and are mostly couslambed by the extensive public transit

network.
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Figure 17 GIS Assessment of Travel in Midtown Atlanta (VC1)
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The map representing VC2 (Figure 18) demonstrates the edseltiof field of vision for
wayfinding in urban landscapes. The average risk assessmeeieased somewhat to 2.8 and a
larger percentage of surface area is calculated as gtleatemoderate risk. This increase is
over 23% gain of surfaces with risk assessments of 4 aMlbh of this increase can be
accounted for due to increase ratings for both RC2 and RiD¥és. Additionally, there is a 3%
decrease of risk category 1 surfaces which is almostyt@iadounted for by travel paths. Due to
field of vision restrictions, Roads and parking lots lmeeamore difficult to navigate across and
represent significant hazards for the VC2 traveler.

The VC3 outcome map is similar to the VC2 results (f&idi8). In fact there is no
significant difference in the average risk factor outedth8) between a landscape modeled for
VC2 travelers and VC3 travelers. Distinct travel gdiecome visible as contrasted against
hazardous road surfaces. RC3 features and commercialdardistricts account for a great deal
of the 37% of surface features that are predicted to beratedesk. Parking lots and
construction zones become more significant hazardekhsas industrial land use classes for
individuals with very poor acuity (VC3).

In the VC4 outcome (Figure 20) very low risk travel regi@are widely dispersed and
frequently intersected by more hazardous regions. Véealbrisk assessment for VC4 travelers
is significantly higher the VC2 and VC3 with a rating3of. This is mostly explained by the
increased hazard assessment of parking lots, traffitdislachools and churches accounting for
approximately 12% of the total surface area. Signifigarease of risk assessment values
increase for travel paths (increase from 1 to 2) an8@ fR&tures (from 3 to 4) covering another
10% of the total surface area also plays a key roletliancreased overall assessment. While

the overall risk assessment changes less then bf&ctor of goodness in this model, there are



Figure 18 GIS Assessment of Travel in Midtown Atlanta (VC2)
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Figure 19 GIS Assessment of Travel in Midtown Atlanta (VC3)
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significant outcomes that are observable and can bsumehby associating low vision factors
and survey data with off the shelf GIS data.

Overall the case study results seem intuitive witlunexpected outcomes. Areas with
wider roads that have higher speed limits represent higiksrfor low vision travelers then
other regions. Regions with urban forest canopies lemgeglare potential then areas without
urban forests. However, there were several reghdtsvere unexpected. While the outcome
maps vary across the vision classes, there isditdnge in average risk between the models.
Several factors may account for this. First, varsléh the largest surface areas (land use), for
the most part were assigned in the lowest weighs ¢l&3; variables with lowest surface areas
(roads, travel paths) were assigned to the highest ival@gs (1). Next, glare as a geographic
variable did not shift risk value based upon vision clastead the risk value shift was
dependent upon glare potential. It is apparent that additivork is necessary to fine tune the

association between travel problems and geographic variable



Figure 20 GIS Assessment of Travel in Midtown Atlanta (VC4)
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5. SUMMARY

This research project utilized current literature abdrechmark survey to define
common problems (e.qg. street crossings, parking lotsglang)) that are experienced by low
vision travelers in urban landscapes. These problemesevaluated and associated with
geographic variables (e.g. roads, crosswalks, parking leds|lamination feedback from
orthophotographs) that are commonly utilized by many urban gpbers. Based upon the
severity of the problem, weights (in terms of sigmifice) and risk factors were assigned to the
associated geographic features. The geographic featuresamebened into a single feature
dataset then converted into a raster outcome withvakles blended and weighed by the
significance of each feature classification. Theconte raster would be utilized by O&M trainers
to assess route suitability for their low vision clgen

The intent of using both the Genensky survey and curesetirch to identify travel

problems was to standardize both the problems and the geograpaliles for O&M
researchers. This standardize approach should give (&Madists a common metric to which
a greater number of individuals with vision impairmes#s utilize. Likewise, common GIS
feature classes were utilized to enable O&M researohaplicate these outcomes in other
metropolitan regions. There are a number of coxméeiables that come into play when
assessing risk for the low vision traveler. The prooéssentify problems that are common to
low vision travelers in urban landscapes is very suilbgat nature. Many O&M specialists rely
upon individual surveys and assessments to gain insighthetrequirements of their low vision
client. In lieu of interviews, | chose to rely upondamark surveys and research to identify the

problem variable used in this research. In the futurenktthat fuzzy controllers could be
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utilized to more accurately represent the relationshigwdsst problem and geographic feature, in
lieu of the weighting procedures utilized in this study.

While the outcomes of this study support suggests that ggugrvariables may be good
predictors of risk; additional variables are necessamypoove the reliability and resolution of
the risk assessment maps. Unfortunately, value ladamrésssuch as traffic regulators (stop
signs, signals), and curb cuts are difficult to acquitbaut substantial ground surveys. One
possible solution is to establish an internet based net@&M specialists to build a depository
for data collected specific to low vision clients. diriretation of the case study suggests that
regardless of traveler capability, public transportasigstems give low vision pedestrians a wide
range of mobility options. Additionally, based upon thgecstudy data, there seems to be a
strong association between glare and commercial landness. This data is most likely to the
greater surface area of impermeable surfaces and redlectifaces that result from commercial
facilities and buildings.

Geographic scale is another problem that will need &doeessed in future research.
Urban landscapes are growing larger each year due tolsprdwxpanding transportation
networks. By limiting risk assessments to individwaites or local neighborhoods, geographers
reduce the utility of their products. Conversely, by angagtudy areas too large, we gamble
with the resolution and amount of details to provide aatale outcome. Arguments can be
made for projects at larger and smaller scales theortdeitilized in this case study. The
geographic features used in future suitability will be a Samit determinant in the scale
utilized.

This research project did achieve several goals. Wtikndandscapes have changed

significantly since the travel problem surveys utilizedhis study, problems defined in the
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surveys still exist. By utilizing previous research, O&pecialists should be familiar with the

problem variables utilized in this research. That family translates to a better understanding
of the outcomes product and the problems that defineduticernes. Additionally, this research
demonstrated that travel problems can be associate#tavitheographic variables and modeled

in complex urban landscapes.
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APPENDIX A

Python Script For Feature Classification

# Import system modules

import sys, string, 0s, arcgisscripting

# Create the Geoprocessor object

gp = arcgisscripting.create()

# Set the necessary product code

gp-SetProduct("Arcinfo")

# Load required toolboxes...

gp-AddToolbox("Z:/Arcgis/ArcToolbox/Toolboxes/Conversion Totix")
gp-AddToolbox("Z:/Arcgis/ArcToolbox/Toolboxes/Data Managemend|$.tbx")
gp.AddToolbox("Z:/Arcgis/ArcToolbox/Toolboxes/Analysis Todks")

# Local variables...

study_shp = "F:\\airphotos\\thesis\\study.shp"

grid = "F:\\airphotos\\nets.gdb\\grid"

grid_label = "F:\\airphotos\\nets.gdb\\grid_label"

rds_over_50mph = "F:\\airphotos\\NewClassifications.gdbn$portation\\rds_over_50mph"
rds_over_50mph_Buffer = "F:\\airphotos\\NewClassificatigdb\\Transportation\\rds_over_50mph_Buffer"
Output_Feature_Class = "F:\\airphotos\\nets.gdb\\grid_ FdaiBatygon"

grid_FeatureToPolygon = "F:\\airphotos\\nets.gdb\\grid_uffed@oPolygon"
grid_FeatureToPolygon__ 2 = "F:\\airphotos\\nets.gdb\\griduFe&EoPolygon"
grid_FeatureToPolygon__3 = "F:\\airphotos\\nets.gdb\\griduFe&EoPolygon"
grid_FeatureToPolygon__4 = "F:\\airphotos\\nets.gdb\\griduFe&EoPolygon"

grid_Feature = "F:\\airphotos\\nets.gdb\\grid_Feature"

# This data is projected in NAD83, GRS80, UTM 16N-Metetth vil1 meter tolerance

# The Grid will be created by using the Fishnet ARCeGibat 2 meter Accuracy

# Process: Create Fishnet...

gp.CreateFishnet_management(grid, "741456.8188 3739742.8475", "741456.8188 3739752.8425",920",
"1620", ", "LABELS", study_shp)

# The Buffer values were obtained by measuring road sviditith Orthophotos

# Process: Buffer...

gp.Buffer_analysis(rds_over_50mph, rds_over_50mph_Buffer, "16 MetBt$'L", "ROUND", "ALL", ")
# Process: Feature To Polygon...
gp.FeatureToPolygon_management("F:\\airphotos\\nets.gdbRgiairphotos\\NewClassifications.gdb\\Transporta
tion\\rds_over_50mph_Buffer", Output_Feature_Class, "™, "AIBIRES", ")

# Process: Add Field...

gp-AddField_management(Output_Feature_Class, "Influence", "D@&UBL, ", ", ", "NULLABLE",
"NON_REQUIRED", ")

# Process: Add Field (2)...

gp-AddField_management(grid_FeatureToPolygon, "VC1", "DOUBLE"", "™, ", "NULLABLE",
"NON_REQUIRED", ")

# Process: Calculate Field...

gp.CalculateField_management(grid_FeatureToPolygon__ 2 yé&ide”, "1", "VB", ")

# Process: Calculate Field (2)...

gp.CalculateField_management(grid_FeatureToPolygon__3 , "VE1"VB", ")

# Process: Polygon to Raster...

gp-PolygonToRaster_conversion(grid_FeatureToPolygon__ 4 , '"\gt#l' Feature, "CELL_CENTER",
"Influence”, "7.1")
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APPENDIX B

Metadata for the Atlanta Digital Orthophoto Quarter Quadrangle | magery
http://extract.cr.usgs.gov/distmeta/serviet/gov.usgs.edc.MetsBRl YPE=HTML&DATASET=UA_222 01

Source_Contribution:

Horizontal and vertical control used to establish posgtiand elevations for reference and
correlation purposes and as input to the aerotriangulptmeess. Control consists of both
Airborne GPS to provide camera station positions andogtentifiable surveyed ground control
for ground reference.

Process Description:

"The aerial platform used during the photo acquisitiortHa project was a Rockwell Turbo
Commander turbine-powered aircraft capable of cruise spé@dsund 215 knots. This
capability is very important for good production on a vergdaphoto acquisition project such as
this one. A Jena LMK 2000 lens high-precision photo-gramme#tnera was used as the
photographic instrument. This camera has a nominal 6-aedl length with Forward Motion
Compensation (FMC,) gyro-stabilized mount, airborne GAEB3RS,) and Inertial Measurement
Unit (IMU). Dual-frequency GPS observation data was ctdié on-board the aircraft at a one
second epoch. Additionally, inertial data was collectexdng all periods of flight and is
collected at a rate of 0.005 seconds. The midpoint of glaato exposure was precisely captured
as an 'event' by the GPS receiver. All ABGPS anditletata was then post-processed to
provide accurate positional and rotation data of the aafoereach exposure. Effectively, the
three dimensional position (X, y, and z) of each exposasedetermined from the ABGPS data
while the three-dimensional rotation (omega, phi, and kapfpedch exposure was determined
from the inertial data. The IMU data (which includegiated position and orientation of the
camera at time of exposure) were orthorectified usingeleeant USGS Digital Elevation
Models. These were processed using Z/I's OrthoPro packagerthorecitifed images were
then mosaicked (if necessary, to reduce the effectscob+relief on the final product). Product
tiles were then extracted from the orthorecitifedgesmor mosaic and converted to GeoTIFF
format. Product RMS accuracy was determined by measuringetne ohisplacement of
common features in adjacent tiles or measuring the groomol that was collected. Metadata
files were then created and populated to reflect theaetdile and project data. Product tiles
and metadata were then written to DVD for delivery ta@33S'

Metadata for the ARIS data used in this study

All of the GIS datasets are provided in a Geographic codadgstem (NAD83 datum) using
latitude and longitude (decimal degree) units of measurenids. "projection” is used for three
different formats of the data: Coverages or “ThemAs;/Info export files (E00s), and ArcView
Shapefiles. For specific information about Themes, ssctource and date, refer to the various
paragraphs which describe each dataset in greater det#ilin WWese paragraphs, please note
that "Scale" refers to the relative level of desailvhich the data were compiled, as indicated by
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the ratio of map units to actual units of measurement.example, 1:12,000 scale Themes have
the greatest spatial resolution with features within 388 éf their true location, according to
the U.S. National Map Accuracy Standards. 1:250,000 scamd$have the lowest spatial
resolution with features within 416.7 feet of their trueakion.



