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Abstract

With the gradual maturating of ubiquitous computiagd the rapid advances in
mobile devices and wireless communication, indoocdtion Based Services have
gained increasing interests as an important apgjitaof indoor ubiquitous
computing. In this paper, we propose an evaludtiamework which combines the
key aspects of indoor navigation for investigatimgbile indoor navigation systems.
Based on this evaluation framework, we give a campa and analysis of the current
mobile indoor navigation systems, and identify sarallenges which require further
research and development.
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1. Introduction

The ubiquity of mobile devices (such as cell phoaes PDAs) has led to the
introduction of Location Based Services (LBS), achtion-Aware Services. LBS
aim at providing information/services relevantte turrent location and context of a
mobile user.

One of the first several LBS applications, namedivicBadge Location System,
was introduced in Want et al. (1992). This systenpleyed infrared technology for
tracking a user’s current location and uses theaition to forward phone calls to a
telephone close to the user. Since then, manynes®a have studied this topic and
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built several LBS applications to demonstrate teefuiness of this new technology.
Recent technological advance such as the graduatatiag of ubiquitous computing
(Weiser 1991, or pervasive computing) and the daiaiuof mobile devices (such as
PDAs, cell phones, etc.) and wireless communicatB8is Wireless LAN, Wireless
Sensor Network, etc.) has further increased the paprogress (Baus et al. 2005). In
order to identify the state of the art in LBS, dhdn indicate the further challenges, a
survey of the current LBS systems is needed.

There are some surveys focusing on LBS systemss Bawal. (2005) surveyed
map-based mobile guides using the dimension®asitioning (either GPS, WiFi,
UMTS, or other) Situational factorguser or context-relatedh\daptation capabilities
Interface/use interactiomulti-model or others)Jse of map£2D vector, 2D bitmap
or 3D model), andArchitecture (client-server, interacting, multi-blackboard or
multi-agent system). These dimensions are rougblyned and further subdivision of
some of these dimensions is needed. Raper et @G.7) 2eveloped a much more
complete classification which used the axesAgiplication (tourism, recreation,
transport, and museumipositioning Architecture Presentation Context relevance
Delivery (pull or push)Use caseandAdaptivity (resource adapted, resource adaptive,
resource adapting), and then made an investigaiiornLBS applications in the
published literature.

However, these surveys are mainly for outdoor appbhns. For indoor
applications, different positioning technologies aeeded to replace GPS. As a result,
more detailed dimensions on positioning, suctsigeal (infrared, ultrasonic, radio
signals, etc.) andignal metric(Cell of Origin, Time of Arrival, Time Differencef
Arrival, Angle of Arrival, etc.), are needed to &wate the various positioning
technologies. As context-awareness is very impof@nLBS systems, there should
be some dimensions that evaluate the context-aessenf these indoor applications.
Accordingly, further classification dimensions aeeded in order to evaluate current
various indoor LBS systems.

As the range of LBS applications is vast, it is asgible to do a survey for all of
them. Mobile navigation system, which aims at pdowy wayfinding services to the
user, is one of the most important application£B$. Therefore, we will focus our
survey on indoor navigation systems.

This paper is structured as follows. Section 2 tpsean evaluation framework
which combines the key aspects of indoor navigatownnvestigating mobile indoor
navigation systems. The evaluation framework isathpplied in section 3 for an
in-depth comparison and analysis of the currenbandhavigation systems. Based on
this survey, we identify some key challenges tlemain to be tackled in section 4.
Section 5 draws some concluding remarks.

2. An Evaluation Framework for |ndoor Navigation Systems

Currently, most of the pedestrian navigation systere designed to assist outdoor



wayfinding. But after arriving at a destination bging outdoor navigation services, a
pedestrian always needs to enter the building Gndand requires indoor navigation.
Also people tend to lose orientation a lot easidgthiww buildings than outdoor
(Radoczky 2003, Hohenschuh 2004). Indoor navigagimtiems are designed to meet
this need.

When developing an indoor navigation system, diffiéraspects have to be
considered: indoor positioning, context-aware aalaq, route presentation and
communication, and other features, such as netage&ss, client platform, etc.

2.1 Indoor positioning

Most of the outdoor navigation systems employ G&Spbsitioning. Unfortunately,
GPS can only be used outside of buildings becawesermployed radio signals cannot
penetrate solid walls. For positioning in indoorieonment, additional installations
(e.g., WLAN, sensor networks) are required.

There exist numerous different positioning appreactnat vary greatly in terms of
accuracy, cost and used technology. When seleetipgsitioning approach, several
key aspects have to be considered (W. KolodziejHjetin 2006):

Signal infrared (Infrared Sensors, IrDA), ultrasonic,dia signals (WLAN,
Bluetooth, Zigbee, UWB, RFID), or visible light (leo)

Signal metricqSignal properties): Cell of Origin (CoO), Recalv®ignal Strength
(RSS), Angle of Arrival (AOA), Time of Arrival (TOA or Time Difference of Arrival
(TDOA)

Positioning algorithmgtranslate recorded signal metrics into distarsses angles,
and then derive the actual position): Proximity,afigulation (Lateration and
Angulation), or Location Fingerprinting

2.2 Context-aware Adaptation

Computing has become increasingly mobile and utmgsj which implies that
services must be capable ofcognizing and adapting to the highly dynamic
environments while placing fewer demands on usatsntion (Henricksen et al.
2002). It is widely acknowledged that context-awmass can meet these requirements.
In order to have a high usability, mobile navigatisystems (indoor or outdoor)
should be context-aware, and adapt to the dynamvicaament (context).

Before comparing various indoor navigation systems,want to introduce the
notion of contextused in this paper. We adopt the definition predidby Huang and
Gartner (2009): “1) Something is context becausasitused for adapting the
interaction between the human and the currentisys2g Activity is central to context.
3) Context differs in each occasion of the activity

In order to make an in-depth investigation, we vadmpare different indoor



navigation systems according to the following axés:context parameterg uses,
adaptivity, andadaptation objec{which features of the system can be adapted). For
the context parametersdimension, we will investigate which aspects ok th
user/context being used when providing adaptiomeexamples are location, time,
and device profiles (screen size, color, etc). theradaptivity dimension, we adopt
the classification provided by Krueger et al. (200Resource adapteptimized in
advance for regular patters of usad®@@source adaptiv@ely on a single strategy for
resource usage) arRResource adaptin¢has ability to adapt resource situations using
multiple strategies).

According to Downs and Stea (1977), navigation @wayng) includes four
processes: orientation (determining one’s positipl@nning the route, keeping on the
right track, discovering the destination. The |lagb processes can be combined
together as moving from origin to destination. Tlweyrespondingly relate to three
modules in navigation systemspositioning route calculation and route
communication Context-aware adaptation can be applied to thkesse modules
(steps). As a result, for thedaptation objectdimension, we will use these three
modules to classify current indoor navigation syste

2.3 Route Presentation and Communication

Another important aspect of indoor navigation iswh®o communicate route
information efficiently (Gartner and Uhlirz 200%).good route presentation form will
enable way finders to easily find their way witttlé cognitive load. We will compare
the different indoor navigation systems accordimdhteir presentation formsmaps,

textual or verbal instruction, signs (electronin)ages, videos, 3D presentation, etc.

2.4 Other Features

Network access and client platform are also vergartant when designing indoor
navigation systems. While not being directly appate the user, they have a serious
impact on the system'’s extensibility and adaptgb{Baus et al. 2005).

For thenetwork accesslimension, we can classify indoor navigation systento
server-side (connecting) and client-side (locahaag) solutions according to where
the application system is executed.

For theclient platformdimension, compared to outdoor navigation systetmsh
mainly employ cellphones and PDAs, different tedbgal platforms may be used
for indoor navigation: cellphones, PDAs, wearalbenputers, public displays, wrist
devices, etc.



2.5 Evaluation Framework

Based on the above discussions, we design thesMolipevaluation framework for
investigating indoor navigation systems.

Evaluation
Dimensions

Signal Metrics

Indoor
Positioning Positioning
Algorithms
Route Presentation
Communication Forms

Context-aware
Adaptation

Other Features

Context
Parameters

Adaptivity

Adaptation
Objects

Client Platform

Fig.1 An evaluation framework for indoor navigation sysse

3. Comparison and Analysis

Based on the above evaluation framework, this @ecthakes a comparison and
analysis of the current mobile indoor navigatiorsteyns. Similar to Raper et al.
(2007), our comparison only covers systems intredu@ the published literature,
and doesn'’t include material from white papers antine presentations. Table 1
summarizes the comparison. For the systems prayidiontext-awareness, we
investigate the detailed features of context-awesgrior them in Table 2.



Table 1. Comparison of mobile indoor navigation systems

System . Context— Route Network Client ; ;
Positioning ) ) other Publication
Name awareness Communication access Platform
Infrared/ CoO/ PDA, or
CyberGuide No map, web page Client ' Abowd et al. (1997
y Proximity P pag pen-based PC ( )
Infrared/ CoO/ map/floor plan, text transition between indoor
IRREAL . YES P P o Server handheld PC o Baus et al. (2002)
Proximity (POI description) and outdoor navigation
Radio,
. Ultrasound/
CricketNav NO floor plans Client PDA Miu (2002)
TDoA/
Lateration
. wearable wrist
GentleGuide / NO vibration Server _ Bosman et al. (2003)
device
Infrared/ CoO/ PDA, PC, and ) ) "
BPN . NO map, 3D, speech Server . _ using predefined itinerary |  Krueger et al. (2004)
Proximity in-car device
Ultrasound/
D . ) headset, and | for blind people, the safest
Drishti TDoA/ NO audio Client Ran et al. (2004)
) wearable PC route
Lateration
i directional signs (on . temporary signage and event
GAUDI configured NO L Server ublic displa o | Kray et al. (2005
g public displays) P pay based navigation (for public y ( )
signs on public
Rotatin displays, synchronized ublic display, synchronized information i
otating configured NO .p y. y Server P pay y. L Rukzio et al. (2005)
Compass vibrations alarm on and phone displays for navigation
personal devices
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Table 1: Comparison of mobile indoor navigation systems (awlations used: CoO — Cell of Origin, ToA — TimieAarival, TDoA — Time Difference of Arrival,
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Several Sensors (Kargl et al. 2005))

.. Context— . Network Client . .
Positioning Presentation other Publication
awareness access Platform
floor plans, . .
Bluetooth/ CoO/ the idea of semantic
Open-SPIRIT . NO semantic textual| Hybrid cell phone _ _ _ Rehrl et al. (2005)
Proximity ) ) enriched instructions
instructions
. i i public display | group signs and private|
configured YES signs Server Lijding et al. 2006
Sl SETE g g or PDA signs Ieing )
WIR RSS] Elmquist et al
3DVN Location NO AR Client wearable PC (1006) '
fingerprinting
WiFi, RFID/ RSS,
Chloe@Univer| CoO / Location _ augmented 3D virtual ,
@ ) L YES AR Client wearable PC g Peternier (2007)
Sity fingerprinting, character
Proximity
. map, audio,
INav COMPASS NO Server PDA Kargl et al. (2007)
textual
Wayfinding for | Bluetooth / CoO / _ _
7 9 . NO images, videos Server PDA Chang et al. (20
Cl Proximity

D8)




Table 2: Comparison of context-awareness of mobile indoweigadion systems

Context parameters adaptivity | adaptation object
IRREAL device’s resolution, scregnadapting route calculation,

size, color capabilities, speed route

of the user, user’s preference, communication

her/his familiarity with the
environment, current time
pressure

Smart Signs user’s mobility limitations, adapting route calculation
user's preference, time,
weather, possible emergenty
situation, transient situation

Chloe@University| user's preference, user accesmlaptive, positioning,  route
right, security level adapted calculation, route
(positioning) | communication

3.1 Indoor Positioning

As for positioning, the first several systems (Qyhaide, IRREAL, CricketNav, BPN,
and Drishti) mainly usénfrared andUIltrasoundas positioning signaloO as signal
metric, proximity as positioning algorithms. This is mainly duehe high availability
of infrared technologies in mobile phone and theufficiency of radio-based
communication and positioning during 1990s to tkgibning of 2000s. These kind
of positioning technologies provide rough positiofformation and have some
specific restrictions, such as line-of-sight (iméd) and additional hardware
requirement (ultrasound).

Recently, due to their broad availability in mobdevices and their continuously
decreasing pricesadio signals, such as WiFi, Bluetooth, Zigbee, UWB, &feD,
are employed in more and more indoor navigatiortesys (Open-Spirit, 3DVN,
Chloe@University, and iNav) for positioning. Somktbe positioning algorithms
such adriangulation (RSS, ToA, TDoAnhdfingerprinting (RSSare also developed
to increase the positioning accuracy. Some of th@éoar navigation systems
(Chloe@University and iNav) combine several pogitig technologies to provide
reliable and stable positioning, for example, Cladgniversity combined sensor
network, WiFi and RFID to provide reliable posititor the navigation services.

There are also some indoor navigation systems wiselhonfiguredposition, such
as GAUDI, Rotating Compass and Smart Signs. Thesteras always employ public
displays and signs for route communication. Thetpos (addresses) of the public
displays are configured by administrators in adearin fact, from the end users’
point of view, these public displays are tpesitioning (orientation) tooldor their
navigation. The drawback of these indoor navigaigstems is their high costs: for
every decision point, a public display or digitegrsis needed.



3.2 Context-awar eness and Adaptation

Although context-awareness is very important forbif@applications, surprisingly,
most of mobile indoor navigation systems only usmtion as context parameter and
provide location-related services to the usersrdlage only three systems providing
context-aware adaptation: IRREAL, Smart Signs ahtb&€@@ University.

The Chloe@Unversity system provides a very simpleext-aware adaptation. In
the system, an augmented 3D virtual characterdantfof a user guides him/her to
destination so that he/she can just follow theuwirguide to the desired destination.
The most suitable virtual character is selectededdimg on user’s preference. The
system also provides adapted (gesource adapted - optimized in advance for
regular patterns of usagdocalization approaches for indoor positioning.addition,
it calculates the route based on user profilessaedrity level.

For the Smart Signs system, context-awareness phedpto route calculation.
User’s mobility limitations, preference, time, wieat, transient situation are used to
calculate the route. It defindsusiness ruleso determine which and how context
parameters are translated into the costs of a.route

The IRREAL system provides context-aware adaptatiorroute calculation and
route communication. Route calculation is based user’'s preference, her/his
familiarity with the environment and current timeegsure, etc. After the optimal
route is determined, it is forwarded to the presgon (communication) planning
module. This module optimizes the presentatiorhefrobute not only according to the
resolution, screen size, and color capabilitieghaf output device, but also to the
position, orientation and speed of the user.

3.3 Route Presentation and Communication

Compared to outdoor navigation systems which maerploy map (2D or 3D),
textual and verbal instruction for route communmatindoor navigation systems use
various presentation formsmap (CyberGuide, IRREAL, CricketNav, BPN,
Open-SPIRIT, and iNav)extual or verbal instructior(Dirshti, Open-SPIRIT, and
iNav), Augmented Realityf3BDVN and Chloe@University)sign (GAUDI, Rotating
Compass, and Smart Signsibration (GentelGuide, Rotating Compassjage and
video(Wayfinding for CI), etc.

For indoor navigation, maps, especially floor plaase still the most popular
presentation form. One reason for this is certathigir pervasive use in physical
guides (such as paper maps, You-Are-Here mapdletsia the environment) (Baus
et al. 2005). Mobile maps can differ in scale, eomt and style. As a result, the
effectiveness of different types of maps (rangirmgrf sketch or schematic map to
topographic map or other detailed map) for indamrte communication should be
evaluated. However, little work has been done ai th

Textual or verbal instructions can be also usedrémte communication. When



being used to a mobile device with earphones, Veoding instructions can be very
useful when users are engaged with other activiliesng wayfinding because users
don’'t need to refer to the mobile devices (littlegoitive load). Textual (written)
guidance is the most simple presentation form &wigation. They are easy to create
and can be used in almost every mobile phone. @oimgeroute communication,
textual guidance is similar to verbal guidance. ©héy difference is that when using
textual guidance, users have to read the text@sdteen.

Some of the systems propose that route communicgsach as map, textual
instructions, image and video) that requires ugelsok at the handheld device “head
down” while walking is not easy to use (Lijding at 2006). As a result, other
alternatives are proposed: vibration (GentelGuidé Rotating Compass), signs on
public displays (Rotating Compass and Smart Sigins). GentelGuide uses two wrist
devices on the two arms for route communicatior:s&conds on right (left) receiver
- go to your right (left), 0.7 seconds on both reees - destination reached, 1.5
seconds on both receivers - wrong direction. Thgept concluded that: “pressure
haptic output offers significant promise both inproving performance and in
reducing the disruptiveness of technology”, alson&gative aspect of exclusively
relying on a device like GentleGuide is the redudedation and orientation
awareness by some participants” (Bosman et al.)2003

Signs are easy to understand and have always Ise€einfar route communication.
Signs always have self-explaining meaning. As aultesigns clearly support
“computational offloading™: navigating from sigro tsign requires virtually low
cognitive load and no memorizing of multiple rogggments (Hoelscher et al. 2007).
Users only need to search for the next sign. Eleatrsigns can be generated by a
navigation system according to the user’s contegtthen displayed on users’ mobile
devices or public displays mounted on the wall (@AURotating Compass, and
Smart Signs).

Although several presentation forms have been m®gdor route communication,
there is little work focusing on evaluating theeetiveness of the above presentation
forms for indoor navigation. In order to reduce tognitive load of the way finders,
some user tests should be carried out to find loaitoptimal presentation styles for
indoor navigation.

3.4 Networ k Access

There are several systems usinggberer-side solutianRREAL, GentleGuide, BPN,
GAUDI, Rotating Compass, Smart Signs. iNav and \vayhg for CI. In this
solution, all the calculation (e.g., route calcuaj is executed on the server, data is
stored in a database which is deployed on the seffe clients (mobile devices)
only provide an Ul (User Interface) for users’ natetion and route communication.
Compared to client-side solution, the client desiden’t need to have a high process
power and big memory, the client devices alsnsume less power (battemyhich is
crucial for mobile devices. The disadvantage fog #derver-side solution is that



continual network access required during the whole navigation.

In theclient-side solutior{CyberGuide, CricketNav, Drishti, Open-SPIRIT, 3BV
Chloe@University), sometimes named local cachinigtem, data and application
system are downloaded/copied from the server iracly (for example, when you
enter a building at the first time). All the furantis (calculation, result visualization)
are executed on the client devices. No network sscds needed during users’
navigation. However, the client devices need toehahigh process poweandbig
memory And alsohigh power (battery) consumptionay become a big problem.

In fact, it is not suitable to simply assign thécaéation and data to the server side
or the client side. In order to have an extensiid adaptable system, where the
calculation is executed should depend on the cunemtext (such as power level of
the devices, the requirement of the calculatioe, rietwork availability etc.)Load
balancingbetween server side and client side is needed.

3.5 Client Platform

As for client platform, it is important to note theompared to outdoor navigation
systems which mainly use cell phones and PDAs,ctlemt platforms of indoor

navigation systems are much more variedll phones(Rotating Compass and
Open-SPIRIT), PDAs (CyberGuide, CricketNav, BPN, Smart Signs, iNawnd a

Wayfinding for Cl),wearable computer@CyberGuide, IRREAL, Drishti, 3DVN, and

Chloe@University), public displays (GAUDI, Rotatitigpompass, and Smart Signs),
wrist deviceqGentleGuide), etc. The reason for this is that #asy and unobtrusive
to place/use these kinds of devices (such as putibplays) in the indoor

environment.

It's also interesting to note that, with the rapédivances in the enabling
technologies (wireless communication, mobile desjicand sensor network) for
ubiquitous computing, more and more indoor navagyatsystems integrate mobile
devices (PDAs or cell phones) with devices thatestalled in the smart environment
(e.g. public displays, PCs, printers, or sensci®), example, Rotating Compass
displays route guidance (signs) on public displaysgd provides a synchronized
vibration alarm on mobile devices when users apgrqaublic displays. It can be
anticipated that a smart environment augmentingh wictive or passive
devices/sensors will enable context-aware routeliggiand therefore optimize the
wayfinding process. However, little work has beewna& on how smart ambient
intelligent environment optimizes the wayfindingpess.

3.6 Others

The project IRREAL addressed the problentrafisition between indoor navigation
and outdoor navigationlt identified several prerequisites (Baus et 2002): the
coordination of data for indoor and outdoor, anel $eamless switch between indoor



and outdoor positioning. As indoor navigation angtdoor navigation differ in
positioning technologies, data modeling, and spatognition basics, more work
should be done on the seamless switch betweenri@aaooutdoor navigation.

The project Open-SPIRIT presented a nice idea alsmrhantic enriched
instructions. It proposed that simple turn-by-turstructions that are solely based on
geometric information of the fortwalk 9 meters straight and turn leftshould be
avoided, instead instructions should be semanticclesd which are more natural
sounding and contain references to objects (egdnharks, gateways, and signs) in
the scene space in order to improve the interacigedestrians and the environment,
such as Walk to the lower end of the stairs marked withdige ‘Neubaugasse’. Walk
up the stairs (Rehrl et al. 2005). This idea is continually @stigated in their other
project named SemWay (Semantic Wayfinding, outduatestrian navigation). The
SemWay (SemWay 2009) project carried out severd ftests (city touring and
skiing touring), and currently is trying to identibasic conceptandimage schemas
from the field tests, then will combine basic cgrtseimage schemas and landmarks
into route instructions. The SemWay project focusasoutdoor navigation, some
similar work for indoor should be done to providar&ntic instructions for indoor
navigation.

4. Challenges

From the above comparison and analysis, we can tliawconclusion thaidoor
navigation systems are still on an early develogrmstage With the rapid advances in
the enabling technologies, such as wireless congation, mobile devices, and
sensors, indoor navigation services will gain iasieg interests as an important
application of indoor ubiquitous computing. A numlmg areas obviously require
further research and development:

* Indoor positioning: Currently, indoor navigation systems always empiadio
signal (WiFi, Bluetooth, RFID, etc.) for positiominwhich may suffer from the
problem of signal impairments, such as Radio Frequénterference and multipath
propagation. Further investigation and performatests of the indoor positioning
technologies are especially required. Also howrtavigle reliable and stable position
information in a complex and changing environmestai very challenging task.
Sensor fusion may be an option for this question.

* Context-awareness. In order to provide high usability, context-awagss
should be introduced for indoor navigation. As iifeed in Brusilovsky (1996),
context-aware adaptation has the following dimemsigvhy (why do we need that a
system adapts itself to the particular user/copt&hat(which features of the system
can be adapted)o what(what aspects of the user/context working with glstem
can be taken into account when providing adaptgtidinen(timing and triggering of
adaptation),How (which procedures are needed to adapt the adaptatbjects
according to the users/contexgow well(how to evaluate the adaptation processes).



Currently, most of the indoor navigation systemby doacus on theTo whatandWhat
dimensions. More work should be done on the otlimedsions. In addition, some
field experiments on the relationship betwe@a What and “What should be done,
such as how much detail is needed for wayfind\ihg) in a specific contextTp
whay.

* Route communication: Floor plan, textual and verbal instruction, sigre a
always used for route communication. However, meak should be done to
evaluate thesuitability and efficiency of varied presentation forms for indoor
navigation in detail. Also, how to provideandmark-based semantic enriched
presentation/instruction should be considered.

¢ Combination of outdoor and indoor navigation: In daily life, people always
have to combine outdoor and indoor navigation, deample outdoor wayfinding
from train station to the city hall, and then emgrthe city hall to find somebody
with indoor navigation. The combination of outdaond indoor navigation should
also take place in three modules: positioning ($essnswitch between outdoor GPS
and indoor positioning), route calculation (seamlgwitch between the different data
models of indoor and outdoor, different contexti] @oute communication (providing
a smooth visual switch).

* Indoor navigation in a smart ambient intelligent environment: As more and
more active or passive devices/sensors are augdhémtthe indoor environment,
indoor environment has become smarter. This abuwadanh technology has given
place to the new notions oSmart Environment§SmE)” and Ambient Intelligent
(AmI)”. The basic idea behind SmE and Aml is thhy ‘enriching an environment
with technology (sensors, processors, actuatofsynmation terminals, and other
devices interconnected through a network), a syst@mbe built such that based on
the real-time information gathered and the histdraata accumulated, decisions can
be taken to benefit the users of that environméAtigusto and Aghajan 2009).
Indoor navigation should also introduce these matioand provide fully
context-aware smart wayfinding services to the gysesuch as Amazon-like
recommendation.

5. Conclusions

In this paper, we proposed an evaluation framewdrich combines the key aspects
of indoor navigation for investigating mobile indonavigation systems. Based on
this evaluation framework, we gave a comparison amalysis of the current mobile
indoor navigation systems, and then identified sahmdlenges which require further
research and development.

From the survey, we can draw the conclusion thdbor navigation systems are
still on an early development stagdore attention should be paid to sensor fusion,
context-awareness, route communication, seamlesgchswbetween indoor and
outdoor navigation, and ubiquitous indoor computing
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