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Abstract   This working paper aims to compare existing approaches in in-
door navigation. In this we focus on networks and algorithms to respec-
tively model the indoor space and to calculate routes. This is compared 
with crowdsourced and text-based route instructions. As such the goal is to 
develop and evaluate an indoor solution that can generate indoor networks 
and route descriptions which are in line with human intuition, which is a 
consequence of cognition. 

1 Introduction 

Humans move constantly and thus need to make decisions on how to go 
from one point to the next. Therefore, navigation will remain one of the 
fundamental problems in human cognition, wayfinding and geospatial re-
search [1]. The term wayfinding is sometimes used as a synonym of navi-
gation, but it is actually the goal-directed part of navigation based on deci-
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sion making and planning while moving from one place to another, where-
as navigation is a more broad term which also includes path planning be-
fore the actual wayfinding task starts [1]. Users’ cognitive processes play a 
crucial role in this. These processes are diverse and depend on various in-
fluencing factors: personal characteristics (e.g. familiarity with the envi-
ronment, cognitive capabilities, sense of direction, gender), purpose of the 
trip (e.g. commuter traffic, recreational) [3], environmental characteristics 
(e.g. indoor, outdoor), mode of locomotion (e.g. car, pedestrian, bike, boat) 
and manner of orientation (e.g. guided with a map, verbal directions). In-
formation about the structure of the environment is stored in what is called 
a cognitive map [2,3]. When navigation (the network, the path to follow, 
etc.) can be linked to this cognitive map, it can be perceived as more intui-
tive to the user. 
Several authors [4-6] have identified that indoor environments raise new 
challenges when developing navigation solutions compared to existing 
outdoor systems because of several specific differences between indoor 
and outdoor spaces. Differences in visual access (e.g. visible information 
in the line of sight), the degree of architectural differentiation, the availa-
bility of signs, and general spatial configuration have proven to be im-
portant factors influencing wayfinding [7-9]. Due to not only physical 
structural differences, but also due to differences in constraints and usage 
between indoor and outdoor environments, adaptations of outdoor concep-
tualizations to the indoor environment are necessary [10]. To resolve the 
difficulties raised by the characteristics of indoor environments, three in-
teracting components that define navigation, namely localization, path 
planning and guidance along the path [11], must be dealt with. In this 
working paper we only focus on the latter two. Nevertheless, to enable 
path planning appropriate space models need to be defined as well, which 
are capable of capturing the special characteristics of indoor environments 
as described above. 

1.1 Path planning 

Path planning is a key element of navigation guidance solutions as it aims 
at computing an optimal route between an origin and a destination [1]. Re-
cent literature reviews on indoor path planning [12,13] have demonstrated 
that existing indoor navigation solutions often only provide users with 
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shortest [14] or fastest route alternatives [10,15,16]. The results of those 
algorithms often exhibit non-realistic paths (e.g. using complex intersec-
tions, avoiding main walking areas), which could easily lead to the failure 
of the navigation tasks. Furthermore, previous studies give evidence that 
humans do not exclusively take shortest or fastest paths [17,18], but that 
humans value equally as much the form and complexity of the routes, such 
as definition of angles [19], routes with least instruction complexity 
[20,21], simplest path [22], reliable routes minimizing the number of com-
plex intersections with turn ambiguities [23], routes with fewest turns [24], 
hierarchical paths [25], least risk path algorithm [26], and routes avoiding 
'uncomfortable' areas [27]. The aforementioned paths can thus be consid-
ered as more intuitive paths for the users. For outdoor navigation, these 
different route planning algorithms have been proposed in the literature to 
compute ‘optimal’ routes other than shortest or fastest ones, but due to the 
perceived difference between outdoor and indoor environments, their ap-
propriateness has to be evaluated in indoor situations as well. Their match-
ing route descriptions can also vary in, among others, perspective, amount 
of information, included feature types, descriptor types [28,29].  

1.2 Space models and networks 

An essential part of path planning applications is the availability of well-
defined space models as representation of the user’s environment. Many 
authors agree on the need for a routing graph, or network, as underlying 
space concept to support navigation guidance. The most important ones 
that can be found in literature are: topological models [30-33], corridor 
derivation networks [30], cell-decomposed networks  [34] and visibility-
based models [35]. See also [36] for a comprehensive overview of graph-
based models in architecture and cognitive science. Recently, the Open 
Geospatial Consortium (OGC) approved a new standard IndoorGML2 for 
the representation and exchange of geoinformation for indoor applications 
[37], with the Geometric Network Model as underlying network [30]. Alt-
                                                            

2 GML = Geography Markup Language 
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hough this is a promising evolution, this standard is not developed to spe-
cifically support indoor navigation. Recent efforts have shown possibilities 
of automatically assigning nodes to each room object and connecting them 
when they are connected in reality [32,38,39]. However, the development 
of a comprehensive methodology for automatic network creation requires a 
thorough foundation and agreement on the appropriate and optimal (i.e. 
user friendly) network structure of indoor environments, which supports 
the user in his navigation task [40]. Network structures that are in line with 
the user’s cognitive map can be perceived as more intuitive compared to 
purely geometric structures, among others. Up to this point and as far as 
we know, this is still missing in indoor navigation research. 

1.3 Crowd-sourced route descriptions – SoleWay 

In order to evaluate how well algorithmically generated routes correspond 
to how humans structure spatial information cognitively, the latter must be 
materialized. This corresponds most closely with route instructions (verbal 
or text-based) that you receive when you ask someone for directions. This 
is based on how the person who give the instructions has structured the en-
vironment (cognitive or mental map); how he constructed the ‘best’ or 
’most intuitive’ route; and how this is formulated (description). This ‘best’ 
route can thus be the shortest, or easiest or ‘most pleasant’ route.  This 
principle of describing directions in natural language is the starting point 
of the indoor navigation system SoleWay (see https://soleway.ugent.be/). 
This system collects text-based route descriptions from the crowd; anyone 
who wants to enter a route description is welcome to do so. When another 
user requests a route description from A to B, the description that was en-
tered by a previous user is displayed. Consequently a large collection of 
route descriptions is constructed over time. 

2 Research goals and approach 

This working paper presents a methodology on how to develop an ap-
proach to automatically generate indoor networks and route descriptions 
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based on crowd sourced and text based route instructions as an approxi-
mation of how humans structure spatial information cognitively. As a con-
sequence, more intuitive route descriptions can be generated, which should 
be easier to follow and are thus linked to a lower cognitive load. It is our 
intention to discuss this idea during the workshop and to implement the 
methodology in the near future. The main goal is translated into the fol-
lowing research questions: 

RQ1 - Which existing network (NE) best fits human route descriptions in 
indoor navigation? 

Based on the literature, several existing networks NE can be selected. It can 
be evaluated how well these networks match with the structure of our cog-
nitive maps, and are thus more intuitive for humans. The structure of these 
cognitive maps is included in the  crowd-sourced human route descriptions 
available in SoleWay. These are thus in turn translated into a network 
(ND): constituted out of the nodes and edges that are mentioned in the route 
descriptions. As a next step, network ND can be compared with the net-
works NE. Based on these outcomes, the network that best matches the 
cognitive map (NC) can be selected. 

RQ2 - Which existing routing algorithm (AE) best fits human route descrip-
tions in indoor navigation? 

Based on the literature, several algorithms AE can be selected. As these al-
gorithms are inherently linked to an underlying network, only network NC  

(selected in RQ1) is used. As a first step, the actual routes for the available 
human route descriptions (available in SoleWay) have to be determined 
(also based on the structure of network Nc), resulting in the routes RD. Sec-
ond, for the same origin-destination combinations of the routes RD, the 
routes RA need to be calculated using the algorithms AE. This is repeated 
for each of the selected algorithms AE. Third, the routes RD have to be 
compared with the corresponding routes calculated with each of the select-
ed algorithms AE resulting in R1D vs. R1A1; R1D vs. R1A2; ... (for origin-
destination pair 1, to be repeated for all available OD pairs). The correla-
tion measures between the routes RD and routes RA will be based on the 
one hand on (1) benchmark parameters (such as total path length; number 
of turns; number of spatial units passed); and on the other hand on (2) edge 
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based comparisons (how many and which of the edges match between the 
different) routes). See [10] for a detailed overview on these types of analy-
sis. Based on these outcomes, the algorithm that best matches a path that is 
intuitive to follow by humans (AC) can be selected. 

RQ3 - How to automatically populate the selected network Nc from RQ1 
solely based on available human route descriptions in indoor navigation? 

In this step, a (limited) set of route descriptions is translated into a network 
structure (Nc), which in turn can be used to calculate new routes (using AC) 
A. First, each human route description has to be automatically converted to 
a series of nodes and edges on the selected network, resulting in routes on 
the network. Second, overlaps between all these human route descriptions 
have to be identified. These overlaps allow ‘stitching’ the routes on the 
network to the network NC that potentially covers the whole building. 

RQ4 - How to automatically generate human route descriptions? 

In this step, routes RA will be (automatically) calculated using network NC 

(see RQ1) and algorithm AC (see RQ2), also considering the cases where 
(1) the complete network NC of the building is available, or (2) network NC 
still has to be derived based on the available human route descriptions (see 
RQ3). The algorithmically generated routes RA have to be converted into 
text-based route descriptions. Based on the available network (complete or 
partial), the selected algorithm that produces more intuitive paths for hu-
mans has to be able to generate routes (and descriptions) that are not regis-
tered yet in the crowd-based system.  The latter will be evaluated in the in-
door environment with the actual end users. 

3 Conclusion 

The proposed research implements a stepwise approach with the ultimate 
goal to have a fully working system that can automatically generate, be-
sides a network NC, also routes RA and the corresponding route descriptions 
DA as well. These building blocks are selected as such that they have a 
close match with human intuition. The latter is a consequence of human 
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cognition and thus how humans structure and process spatial information. 
The required information is derived from available crowd sourced and 
text-based route descriptions in SoleWay. As such, missing routes can be 
completed automatically while creating a network structure for the build-
ing. 

References 

[1] Montello, D. R. (2005). Navigation. In P. Shah & A. Miyake (Eds.), The Cambridge Hand-
book of visuospatial thinking (pp. 257-294). New York: Cambridge University Press. 

[2] Downs, R. M., Stea, D. (1977) Maps in Minds. Reflection on cognitive mapping. New York: 
Harper & Row. 

[3] Golledge, R. G. (1999) Wayfinding behavior: Cognitive mapping and other spatial process-
es. Baltimore: The Johns Hopkins University Press. 

[4] Li, K.-J. (2008). Indoor Space: A New Notion of Space. In M. Bertolotto, C. Ray & X. Li 
(Eds.), Web and Wireless Geographical Information Systems (Vol. 5373, pp. 1-3). Berlin: 
Springer. 

[5] Giudice, N. A., Walton, L. A., & Worboys, M. (2010). The informatics of indoor and out-
door space: a research agenda. Paper presented at the Second ACM SIGSPATIAL Interna-
tional Workshop on Indoor Spatial Awareness, San Jose, CA.  

[6] Karimi, H. A. (2011). Universal navigation on smartphones. Springer Science & Business 
Media. 

[7] Hölscher, C., Meilinger, T., Vrachliotis, G., Brösamle, M., & Knauff, M. (2006). Up the 
down staircase: Wayfinding strategies in multi-level buildings. Journal of Environmental 
Psychology, 26(4), 284-299.  

[8] Hölscher, C., Tenbrink, T., & Wiener, J. M. (2011). Would you follow your own route de-
scription? Cognitive strategies in urban route planning. Cognition, 121(2), 228-247. 

[9] Li, R., & Klippel, A. (2012). Explorations of wayfinding problems in libraries: A multi-
disciplinary approach. Journal of Map and Geography Libraries. 8(1), 21-38. 

[10] Vanclooster, A., Ooms, K., Viaene, P., Fack, V., Van de Weghe, N., & De Maeyer, P. 
(2014). Evaluating suitability of the least risk path algorithm to support cognitive wayfinding 
in indoor spaces: An empirical study. Applied Geography, 53(0), 128-140. 

[11] Nagel, C., Becker, T., Kaden, R., Li, K., Lee, J. , Kolbe, T. H. (2010) Requirements and 
space-event modeling for indoor navigation: OGC Discussion Paper. Open Geospatial Con-
sortium. 

[12] Kwan, M.-P., & Lee, J. (2005). Emergency response after 9/11: the potential of real-time 3D 
GIS for quick emergency response in micro-spatial environments. Computers, Environment 
and Urban Systems, 29(2), 93-113. 

[13] Thill, J.-C., Dao, T. H. D., & Zhou, Y. (2011). Traveling in the Three-Dimensional City: 
Applications in Route Planning, Accessibility Assessment, Location Analysis and Beyond. 
Journal of Transport Geography, 19(3), 405-421.  

[14] Dijkstra, E. W. (1959). A Note on Two Problems in Connexion with Graphs. Numerische 
Mathematik, 1, 269-271. 

[15] Huang, H., & Gartner, G. (2010). A Survey of Mobile Indoor Navigation Systems. In G. 
Gartner & F. Ortag (Eds.), Cartography in Central and Eastern Europe (pp. 305-319). Berlin: 
Springer. 



8  

[16] Vanclooster, A., Van de Weghe, N., & De Maeyer, P. (2016). Integrating Indoor and Out-
door Spaces for Pedestrian Navigation Guidance: A Review. Transactions in GIS, DOI: 
10.1111/tgis.12178. 

[17] Golledge, R. G. (1995). Path selection and route preference in human navigation: A progress 
report. In A. Frank & W. Kuhn (Eds.), Spatial Information Theory A Theoretical Basis for 
GIS (Vol. 988, pp. 207-222). Heidelberg: Springer. 

[18] Hochmair, H. (2005). Towards a classification of route selection criteria for route planning 
tools. In Developments in Spatial Data Handling (pp. 481-492). Springer Berlin Heidelberg. 

[19] Winter, S. (2002). Modeling Costs of Turns in Route Planning. Geoinformatica, 6(4), 345-
361.  

[20] Duckham, M., & Kulik, L. (2003). “Simplest” Paths: Automated Route Selection for Navi-
gation. In W. Kuhn, M. Worboys & S. Timpf (Eds.), Spatial Information Theory. Founda-
tions of Geographic Information Science (Vol. 2825, pp. 169-185). Heidelberg: Springer. 

[21] Richter, K.-F., & Duckham, M. (2008). Simplest Instructions: Finding Easy-to-Describe 
Routes for Navigation. In T. Cova, H. Miller, K. Beard, A. Frank & M. Goodchild (Eds.), 
Geographic Information Science (Vol. 5266, pp. 274-289). Heidelberg: Springer. 

[22] Mark, D. M. 1986. Automated route selection for navigation. IEEE Aerospace and Electron-
ics Systems Magazine, 1, 2-55 

[23] Haque, S., Kulik, L., & Klippel, A. (2007). Algorithms for Reliable Navigation and Way-
finding. In T. Barkowsky, M. Knauff, G. Ligozat & D. Montello (Eds.), Spatial Cognition V 
Reasoning, Action, Interaction (Vol. 4387, pp. 308-326). Berlin: Springer. 

[24] Jiang, B., & Liu, X. (2011). Computing the fewest-turn map directions based on the connec-
tivity of natural roads. International Journal of Geographical Information Science, 25(7), 
1069-1082. 

[25] Fu, L., Sun, D. & Rilett, L. R. (2006). Heuristic shortest path algorithms for transportation 
applications: State of the art. Computers & Operations Research, 33, 3324-3343. 

[26] Grum, E. 2005. Danger of getting lost: Optimize a path to minimize risk. 10th International 
Conference on Information & Communication Technologies (ICT) in Urban Planning and 
Spatial Development and Impacts of ICT on Physical Space. Vienna, Austria: CORP 2005. 

[27] Huang, H., Klettner, S., Schmidt, M., Gartner, G., Leitinger, S., Wagner, A., & Steinmann, 
R. (2014). AffectRoute - considering people’s affective responses to environments for en-
hancing route-planning services. Int. J. Geogr. Inf. Sci., 28(12), 2456-2473. 

[28] Fallah, N., Apostolopoulos, I., Bekris, K., Folmer, E. (2013) Indoor human navigation sys-
tems: A survey. Interacting with Computers, 25(1), pp. 21-33. 

[29] Gartner, G. (2004) Location-based mobile pedestrian navigation services – the role of mul-
timedia cartography. Paper presented at Joint Workshop on Ubiquitous, Pervasive and Inter-
net Mapping, Tokyo (Japan). 

[30] Lee, J. (2004). A Spatial Access-Oriented Implementation of a 3-D GIS Topological Data 
Model for Urban Entities. Geoinformatica, 8(3), 237-264.   

[31] Stoffel, E. P., Lorenz, B., & Ohlbach, H. J. (2007). Towards a Semantic Spatial Model for 
Pedestrian Indoor Navigation. Advances in Conceptual Modeling - Foundations and Appli-
cations (Vol. 4802/2007, pp. 328-337). Berlin: Springer. 

[32] Stoffel, E. P., Schoder, K. & Ohlbach, H. J. 2008. Applying Hierarchical Graphs to Pedestri-
an Indoor Navigation. Proceedings of the 16th ACM SIGSPATIAL international conference 
on Advances in geographic information systems. Irvine (CA): ACM. 

[33] Sato, A., Ishimaur, N., Tao, G. & Tanizaki, M. (2009). OGC OWS-6 Outdoor and Indoor 3D 
Routing Services Engineering Report. 

[34] Lorenz, B., Ohlbach, H., & Stoffel, E.-P. (2006). A Hybrid Spatial Model for Representing 
Indoor Environments. In J. Carswell & T. Tezuka (Eds.), Web and Wireless Geographical 
Information Systems (Vol. 4295, pp. 102-112). Heidelberg: Springer. 

[35] Zheng, J., Winstanley, A., Pan, Z., & Coveney, S. (2009). Spatial Characteristics of Walking 
Areas for Pedestrian Navigation. Paper presented at the 3th International Conference on 
Multimedia and Ubiquitous Engineering, Qingdao, China.  



9 

[36] Franz, G., Mallot, H. & Wiener, J. (2005). Graph-based models of space in architecture and 
cognitive science-a comparative analysis. Proceedings of the 17th International Conference 
on Systems Research, Informatics and Cybernetics. Baden-Baden, Germany. 

[37] Open Geospatial Consortium (2008). OpenGIS City Geography Markup Language 
(CityGML) Encoding Standard (Vol. OGC 08-007r1, pp. 234): G. Gröger, T. Kolbe, A. 
Czerwinski, C. Nagel. 

[38] Anagnostopoulos, C., Tsetsos, V., Kikiras, P. & Hadjiefthymiades, S. P. (2005). OntoNav: A 
Semantic Indoor Navigation System. 1st Workshop on Semantics in Mobile Environments. 
Ayia Napa, Cyprus. 

[39] Meijers, M., Zlatanova, S. & Pfeifer, N. (2005). 3D Geo-Information Indoors: Structuring 
for Evacuation.  The 1st International ISPRS/EuroSDR/DGPF-Workshop on Next generation 
3D City Models, Bonn, Germany. 6 pp. 

[40] Becker, T., Nagel, C. & Kolbe, T. (2009). A Multilayered Space-Event Model for Naviga-
tion in Indoor Spaces. In: Lee, J. & Zlatanova, S. (eds.) 3D Geo-Information Sciences. Ber-
lin: Springer. 

 


