
This version of the contribution has been accepted for publication, after peer review (when 

applicable) but is not the Version of Record and does not reflect post-acceptance 

improvements, or any corrections. The Version of Record is available online at: 

https://doi.org/10.1007/978-3-031-78516-0_31 . Use of this Accepted Version is subject to the 

publisher’s Accepted Manuscript terms of use https://www.springernature.com/gp/open-

research/policies/accepted-manuscript-terms .  

https://doi.org/10.1007/978-3-031-78516-0_31
https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms
https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms


Offline indoor navigation via QR codes 

Robert Modic[0000-0003-1225-7332], Matevž Ogrinc[0000-0001-7606-8907], Andraž Simčič[0000-0002-

8956-2506], Bojan Blažica[0000-0003-4597-5947] and Drago Torkar[0000-0002-4480-1294] 

Jožef Stefan Institute, Jamova cesta 39, SI – 1000, Ljubljana, Slovenia 

robert.modic@ijs.si, matevz.ogrinc@ijs.si, andraz.simcic@ijs.si, 

bojan blazica@ijs.si, drago.torkar@ijs.si 

Abstract. This paper introduces a novel, cost-effective system for indoor navi-

gation and localization that operates independently of satellite positioning ser-

vices and data communication networks. The proposed solution leverages QR 

codes affixed within building interiors and an accompanying smartphone appli-

cation, which, through integration with the device’s inertial motion unit (IMU) 

sensors and the application of the Pedestrian Dead Reckoning (PDR) algorithm 

[1], accurately determines the user’s position. This position data is then utilized 

by the Dijkstra navigation algorithm [2] to facilitate user navigation to their de-

sired destination. Beyond navigation, this system offers significant utility in 

healthcare logistics, enabling efficient collection and transmission of triage deci-

sions in emergency situations, even in the absence of a communication network. 
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1 Introduction 

The primary goal was to create a proof of concept demonstrating the feasibility of in-

door navigation and localization using only passive tags. To achieve this, a smartphone 

navigation app was developed for use inside buildings, which operates without relying 

on satellite positioning services or communication networks. Satellite navigation sys-

tems (GPS, GLONASS, Galileo, BeiDou, QZSS, IRNSS) typically fail to function ac-

curately inside buildings, particularly on lower floors, in basements, central areas, and 

away from windows due to a limited number of visible satellites. Similarly, communi-

cation networks (WiFi, LTE, 5G) may be unavailable in certain situations, such as dur-

ing catastrophic incidents, power outages, or other emergencies, rendering localization 

systems based on these networks ineffective. 

The smartphone app serves two main purposes. First, it aims to provide a reliable, 

user-friendly, and cost-effective indoor navigation system suitable for large buildings 

like hospitals, shopping malls, trade centers, and fairs where other positioning services 

are unavailable. Second, it aims to offer an indoor position reporting system for use in 

emergencies and mass-casualty incidents to report triage decisions to a server. Both 

functionalities rely on QR codes containing all the necessary information [3]. 
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2 Methodology 

To ensure comprehensive navigation data, two types of QR codes were created, each 

containing all necessary information. 

1. Floor QR Codes placed at the entrance to each floor. These include: 

• A compressed floor plan presented as an edge list (Fig. 1). A Python script was de-

veloped to automatically generate these edge lists from raster images of floor plans. 

• The navigation graph, which includes the coordinates of destinations and navigation 

points, along with descriptive labels for all destinations (Fig. 2). 

These QR codes are very dense [4], which can slow down the recognition process. 

If printed too small, the rows and columns are too close together, and under normal 

lighting conditions, the smartphone camera may not capture an image that the decoding 

routine, even with machine learning support, can robustly recognize. Experiments in-

dicated that printing on A3 paper size is appropriate for these dense QR codes. 

 

Fig. 1. A test floor plan saved in the floor QR after reconstruction. 

2. Location QR Codes placed at destinations, intersections, and other navigation points. 

These codes include the location in GPS (latitude, longitude) and metric UTM 

(northing, easting) coordinates, as well as additional data about the location (room 

label, residents, etc.). The data size of these codes is much smaller—3 to 4 times 

smaller than the floor QR codes—making them less dense. Experiments showed that 

they can be printed on A4 or even A5 paper size for robust recognition. 

 

Fig. 2. Example of a navigation graph for a testing floor with all possible destinations (orange 

circles) and navigation points (blue circles) depicted on the original floor plan raster image. 
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3 Navigation and localization 

Upon scanning a Floor QR code, users select their destination, and the app calculates 

the optimal route, visually represented on the device (Fig. 3). The app continuously 

updates the user’s position using PDR, factoring in stride length and direction from 

IMU sensors. This system is not only effective for guiding users but also ensures that 

localization is aligned with global coordinate standards, facilitating integration with 

widely-used mapping services. 

 

Fig. 3. Visualized path from the starting point (blue square) to the destination (green square), 

showing the user's current location and orientation (black circle with red pointer). 

4 Healthcare logistics and triage support 

A significant application of our system is in healthcare logistics, where it aids first re-

sponders in reporting triage decisions during mass-casualty incidents. By associating 

triage decisions with precise location data, the app enables efficient communication 

with emergency services, even in the absence of a reliable communication network. 

This feature is particularly valuable in disaster scenarios, ensuring that critical infor-

mation is conveyed without delay. 

The app supports the following triage scenario: First responders locate each casualty, 

determine the emergency level, and then use the app's menu to select the triage decision. 

This decision, along with the GPS coordinates of the location, is sent to the server using 

a REST API interface and GeoJSON data format (Fig. 4). If the communication net-

work is unavailable, the data is saved to a local JSON-based database. Once communi-

cation is restored, the data is automatically sent to the cloud, and the user is notified, as 

shown in Fig. 5. 
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Fig. 4. The app’s screens for triage decisions: selecting the triage decision (left), confirming the 

data to be sent (middle), and sending the data to the server (right). 

  

Fig. 5. If the triage message is not successfully sent (left), the status of unsent messages is dis-

played on the triage selection screen (right). 

5 Future work 

Future developments will focus on improving the system’s ease of use and efficiency 

by pre-loading navigation data onto smartphones, eliminating the need for QR code 

scanning. This approach will provide users with immediate access to comprehensive 

maps and directions for entire buildings, ensuring a seamless navigation experience 

from the outset. Additionally, the system will incorporate real-time updates and dy-

namic route adjustments to enhance user guidance and adaptability. Enhanced user 
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interface features will also be developed to provide a more intuitive and user-friendly 

experience. 

6 Conclusions 

We have successfully developed and tested an innovative indoor navigation and local-

ization system that circumvents the limitations of conventional satellite and network-

based solutions. By utilizing QR codes and smartphone technology, our system demon-

strates a viable alternative for indoor navigation, with substantial implications for emer-

gency response and healthcare logistics. Our findings suggest significant potential for 

further development and integration with existing technological infrastructures, prom-

ising to enhance indoor navigation capabilities substantially. 

Acknowledgments. This work has been supported in part by the Slovenian Research 

Agency (research core funding No. P2-0098) and in part by ECSEL Joint Undertaking 

(JU) InSecTT under grant agreement No 876038. 

 

References 

1. Hou, X., Bergmann, J., Pedestrian Dead Reckoning With Wearable Sensors: A Systematic 

Review, IEEE Sensors Journal, 21(1), 143–152, (2021),doi:10.1109/JSEN.2020.3014955 

2. Dijkstra, E. W., A note on two problems in connexion with graphs. Numerische mathematik, 

1(1),269–71 (1959), doi:10.1007/BF01386390. S2CID 123284777. 

3. Aayushi, M., Manish, M., A Review on QR Code, International Journal of Computer Appli-

cations, 164, 17-19 (2017), doi: 10.5120/ijca2017913739 

4. Umaria, M. M., Jethava, G. B., Enhancing the Data Storage Capacity in QR Code Using 

Compression Algorithm and Achieving Security and Further Data Storage Capacity Im-

provement Using Multiplexing, In: Proc. Int. Conf. Comput. Intell. Commun. Netw. 

(CICN), Jabalpur, India, pp. 1094-1096 (2015), doi: 10.1109/CICN.2015.215 

https://doi.org/10.1109/JSEN.2020.3014955
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2FBF01386390
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:123284777
doi:%2010.1109/CICN.2015.215

