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ABSTRACT 
GPS accuracy is poor in indoor environments and around build-
ings. Thus, reading and following signs still remains the most 
common mechanism for providing and receiving wayfnding 
information in such spaces. This puts individuals who are 
blind or visually impaired (BVI) at a great disadvantage. This 
work designs, implements, and evaluates a wayfnding sys-
tem and smartphone application called CityGuide that can be 
used by BVI individuals to navigate their surroundings beyond 
what is possible with just a GPS-based system. CityGuide 
enables an individual to query and get turn-by-turn shortest 
route directions from an indoor location to an outdoor location. 
CityGuide leverages recently developed indoor wayfnding 
solutions in conjunction with GPS signals to provide a seam-
less indoor-outdoor navigation and wayfnding system that 
guides a BVI individual to their desired destination through 
the shortest route. Evaluations of CityGuide with BVI hu-
man subjects navigating between an indoor starting point to 
an outdoor destination within an unfamiliar university cam-
pus scenario showed it to be effective in reducing end-to-end 
navigation times and distances of almost all participants. 
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INTRODUCTION 
Wayfnding remains a challenge for people with disabilities in 
our communities. For outdoor environments, recent advances 
in satellite-based systems and mapping technologies along 
with the pervasiveness of smartphones provide an accurate and 
simple to use means for wayfnding. However, there remain 
many outdoor areas such as sidewalks, within and around 
offce buildings, public recreational areas, and university cam-
puses, where the effectiveness of satellite-based systems such 
as global positioning systems (GPS) is limited. This paper 
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proposes a wayfnding system and smartphone application 
called CityGuide that can be used by BVI individuals to nav-
igate their surroundings beyond what is possible with just a 
GPS-based system. CityGuide enables an individual to query 
and get turn-by-turn shortest route directions from an indoor 
location to an outdoor location. When navigation starts within 
an indoor environment leading to or through any outdoor lo-
cation, CityGuide leverages any Bluetooth-low energy (BLE) 
beacons in the indoor environments to guide the user to the 
best exit of the building that lies on the shortest path towards 
the eventual destination. Upon exiting an indoor environment, 
it seamlessly switches to utilize GPS signals towards the de-
sired destination on the shortest route. CityGuide additionally 
implements mechanisms to make outdoor wayfnding more 
fne-grained and accurate to improve the navigation perfor-
mance and experience of end-users. 

RELATED WORK 
There have been many recent efforts in indoor wayfnding uti-
lizing wireless devices, such as radio-frequency identifcation 
or BLE, or computer vision to provide location information 
and context within such spaces [8, 4, 7, 5, 6, 4]. While different 
technologies have been used for indoor wayfnding, outdoor 
wayfnding systems usually have relied on GPS technology 
for some or all their data gathering. GPS-based navigation 
apps such as Google Maps, Apple maps, Blindsquare [1], 
GetThere [2], and Microsoft Soundscape [3] provide routes 
in unfamiliar urban environments using different approaches. 
CityGuide combines a lot of the features of the above men-
tioned indoor and outdoor wayfnding systems/apps but adds 
the extra layer required to combine them and create a seamless 
indoor-outdoor navigation experience. It uses BLE beacons 
in the surrounding infrastructure to localize within indoor en-
vironments, utilizing pre-constructed maps from foor plans. 
This enables navigating indoor spaces effortlessly. In outdoor 
environments it utilizes GPS signals and pedestrian walking 
maps to provide turn-by-turn directions, combining informa-
tion from any BLE beacons it encounters along the way (for 
example at entrances of other buildings along the way) and 
utilizing algorithms like dead reckoning to improve accuracy. 

SYSTEM OVERVIEW 
Upon activation, the CityGuide app on a smartphone detects 
the user’s current location and waits for the user to provide the 
desired destination. The phrase from the user is then looked 
up in a database of points of interest (POIs) in the indoor 
space as well as sent as a query to the Google Places API for 
outdoor locations. If matches are found, they are listed out to 
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the user one by one until the user confrms one of them. Upon 
confrmation that there is a match for the desired destination, 
CityGuide calculates the best available route from the user’s 
location to one of the building’s exit points (assuming the 
user is within a building and searches for a location outside 
the building) and subsequently to the destination in outdoor 
environments. 

Figure 1: Jabara Hall foorplan modeled as a graph showing 
vertices and edges, beacon placement outside at the buildings 
entrances, and shortest routh from Jabara hall to the Wallace 
Hall. 

System Setup 
The current implementation of CityGuide utilizes methods pre-
viously developed in a BLE beacon-based indoor wayfnding 
system called GuideBeacon in [7]. Based upon that system’s 
guidelines, beacons are affxed near each POI, and as users 
come in proximity of a beacon, a unique identifer is received 
from the beacon at the smartphone. Although placing and uti-
lizing beacons in outdoor environments would increase the ac-
curacy of outdoor navigation (due to GPS inaccuracies), this is 
cost-prohibitive and thus largely infeasible. However, there are 
some locations where beacons can be assumed to be present 
such as the entry/exit points of buildings, bus stops, and any 
major landmarks. Figure 1 shows beacon placement in Jabara 
Hall (beacons numbered from 0 to 7), beacon placement in 
outdoor environments (blue circles), and the experimental sce-
nario that subjects used to evaluate the CityGuide. CityGuide 
was written as an app for the Android OS and can work using 
its native TalkBack accessibility tool. All tests were conducted 
on a Samsung Galaxy S7 phone that used a Wi-Fi connection 
to communicate to Google API to get outdoor routes as well 
as private servers. 

RESULTS 
Figure 2a and 2b show the navigation time and distance re-
quired by each user tested with and some without the use of 
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Figure 2: Results comparing the use of other apps for indoor-
outdoor wayfnding to Cityguide for the navigaiton time and 
distance. The horizontal line in the middle of each result bar 
in (a) indicates the time to exit the building. 

User Label Vision Category 
A Blind, Cane user 
B Only LP, Cane user 
C Only LP, Cane user 
D Blind, Guide Dog user 
E Blind, Cane user 
F Only LP, Cane user 

Table 1: User information. LP is an abbreviation for light 
perception. All users except C (only used CityGuide) navigate 
to the destination without CityGuide and then with it. 

CityGuide. In terms of the indoor part of the experiment with-
out CityGuide (and with no others indoor wayfnding tools 
available), participants took varying amounts of time to exit 
the building, and (except user D) did not come out through 
the optimal exit towards the destination (Green route in fgure 
1). With CityGuide, they took similar times to come out, but 
all participants exited through the optimal exit which benefts 
the total time to navigate to the eventual destination. All BVI 
subjects took more time to complete the outdoor navigation 
part (and the entire start to destination exercise) except user 
E. It can be observed that for all users that used CityGuide, 
the steps taken are consistent (within a narrow range of about 
100 steps) and less; on the other hand the steps taken by users 
not using CityGuide varied a lot, with some users not able to 
reach the destination. 
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