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INTRODUCTION



● Tethered

● Immobile 

● Low resolution

● Static



● Untethered

● Mobile

● High Resolution

● Dynamic

● Connected



RESEARCH QUESTIONS

● What are the characteristics of mixed reality devices?

● What are the possible cartographic applications that can be integrated with 

mixed reality devices?

● What is the probability of realization (i.e. feasibility) of these applications?



THEORETICAL BACKGROUND



Some Definitions

● Virtuality Continuum

● Mixed Reality

● Augmented Reality and 

Augmented Virtuality



Microsoft HoloLens

● 4 built-in microphones: 2 for ambient noise detection & 2 for recording the users

voice

● Scans the room and creates a 3D mesh of polygons

● Uses 3 main methods of input: gaze, gestures & voice





Gaze

● Center point of user’s perspective

● Uses orientation of the head

● The cursor is depicted as a small circle



Gestures

● Air tap gesture, hand must be within field of vision

● Air tap + Gaze = Gaze-and-commit

● Bloom gesture is used to go ‘back’  or ‘home’



Clicker and Xbox Controller

● Alternative for gestures, free from hand location

● Clicker functions as air tap

● Controller is used for more complicated applications



Voice control

● Used as an alternative to gestures

● Used to dictate words into the screen keyboard

● Used with Microsoft assistant Cortana to fulfill certain tasks (Start recording, take a 

picture etc.)

● Only supports English as of 2018



Spatial sound

● Very useful when objects are out of view

● Creates a 3D sound space so users can sense the location of objects by sound

● Uses a “Head Related Transfer Function”, in which, the way sound reaches the 

human ears is analyzed and simulated realistically.



Inside-Out Tracking

● Sensors are fixed onto the device, as opposed to outside-in tracking

● Fulfilled by two visible light low resolution cameras

● Advantageous since it does not limit the space of the user

● “World-scale experience”, highest level of mixed reality experience according 

to Microsoft



Holographic Remoting

● A way of overcoming constraints in CPU, memory and storage

● Applications are executed on a main computer

● Connection is achieved by Wi-Fi between the headset and computer

● Allows a wider range of applications to work

● Problems such as freezing, crashing or connection issues



METHODOLOGY



Minimum & Fundamental Criteria

Minimum

Does the application have a 

cartographic focus?

Does the application use methods of

mixed reality?

Fundamental

Does the application have a working example 

that is shown to work on HoloLens?

Is there data available regarding our technical 

criteria?



Technical Criteria

● Internet connection speed

● Storage space

● Frame rate

● Battery life

● File formats

● File size limits



Human Criteria

● Maximum duration of comfortable usage (MDCU)

● Maximum duration of possible usage (MDPU)

● Motion sickness

● Quality of user experience



POTENTIAL FIELDS OF 
USAGE



SKYPE FOR HOLOLENS



Features

● Allows connection between two HoloLens users or between a HoloLens user 

and traditional Skype user

● Sends the live feed of surroundings to the other user



Features

● Hand tracking - hand movements of one user is tracked and copied to the 

other user’s virtual space





Technical Evaluation



Human Evaluation



3D HOLOGRAPHIC MAP VIEWING 
(HOLO TERRAIN)



Features

● Users can see a holographic 3D relief map

● 4 zoom levels are available (from 3.8 sq miles to 40 sq miles)

● Panning function - navigating through the map

● Scaling - size can be changed

● Search functionality

● Shared holographic session with up to 4 devices







Technical Evaluation



Human Evaluation



HOLOTOUR



Features

● Users can explore sites such as Machu Picchu and Ancient Rome

● 360 degrees of field of vision

● Consists of pictures formed by 360 degree cameras

● Uses augmented reality features 





● The method presented in this 

application can also be used for 

navigation. 

● Augmented features can be used 

on images of real world.

Features



Technical Evaluation



Human Evaluation



Further Applications

● Pokémon GO style augmented reality game

● Integration with Google Street View

● Usage with UAVs/Drones



Pokémon GO style 
augmented reality game

● Uses mobile phone 

map application

● Augmented reality

● Tracks user location



Integration with 
Google Street View

● Gaze and head 

tracking is used

● 360 degree 

immersion



Usage with UAVs/Drones

● Useful for hard to reach 

places

● Aerial images

● Wildfires

● Disaster response





Future Work

● More application can be tested

● Potential of other mixed reality devices can be investigated

● Number of criteria can be extended for both technical and human

● More comprehensive surveys can be conducted

● Long term feasibility can be assessed



CONCLUSION



Conclusion

● All 3 applications obtained an acceptable score from the majority of our 

criteria.

● Certain limitations exist in many current mixed reality applications

● There are further examples that may develop into real world products rather 

than ideas.

● Future work can be built upon the ideas presented in this thesis.




