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360° Video
• spherical video recording
• view in every direction is captured and presented simultaneously
• purpose: to immerse the viewer in the experience



History of 360° Content



History of 360° Content



https://www.vatican.va/various/cappelle/sistina_vr/index.html

History of 360 ° Content



Sistine Chapel VR



360° or 3D-360° or VR
• what is the difference?



360° vs 3D-360° vs VR
• 360° video

• operated with smartphone or mouse
• choose the section you wish to see
• not fully immersive
• monoscopic video = flat, no depth

• 3D-360° video
• watched on a headset
• stereoscopic video = illusion of depth 

with 3D technology

• Virtual Reality
• watched on a headset
• fully immersive
• idea of presence in the scene
• achieved with monoscopic video



360° Video Equipment



360° Video Capture
• use of omnidirectional cameras
• 360° field of view
• different video capture options, in different qualities, for different purposes

• use for:
• virtual reality
• augmented reality
• virtual tours
• parking systems



GoPro Max
• capture

• 2 lenses, 6 microphones
• output

• 5.7K@30fps 360° video
• 1440p 
• up to 80 Mb/s

• approx. 500 € (without addons)



Insta360° One R
• capture

• 2 lenses, 2 microphones
• output

• 5760x2880@30fps, 360° video
• 3840x1920@50fps, 360° video
• 3008x1504@100fps, 360° video
• recording in 3D mode is possible

(180°)

• up to 100 Mb/s s H.265
• approx. 300 - 700 € (with addons)



Insta360° X3
• capture

• 2 lenses, 2 microphones
• output

• 5760×2880@30fps
• 3840×1920@60fps
• 3008×1504@100fps
• up to 120 Mb/s s H.264

• approx. 600 € (without addons)



Ricoh Theta Z1
• capture

• 2 lenses, 4 microphones
• output

• 3840×1920@30fps
• 1920×960@30fps
• up to 56 Mb/s with H.265 and
• up to 120 Mb/s with H.264

• approx. 1000 € (without addons)



Insta360° Pro 2
• capture

• 6 cameras
• output

• 360° video
• 3840x1920@30fps (4K) 
• 7680x7680@60fps (8K)

• 360° 3D video
• 3840x3840@30fps (4K) 
• 7680x7680@30fps (8K)

• approx. 6000 € + addons



Production of Panoramic Content
• integrated cameras or composite rigs

• N × GoPro / DSLR / Yi / ...
• up to 50 cameras
• light fields

• price ranges from $4.000 to $200.000 per rig



Optimal Resolution?
• the human eye can detect approx. 60 dots per degree
• requirements for 360° video:

• 360° horizontally and 180° vertically means 21,600×10,800 pixels
• in practice, this means a video resolution of 24K (24,576×12,288 pixels)

• glasses requirements:
• 150° horizontally and 120° vertically means 9,600×7,200 pixels



Different Resolutions in Practice
• in practice, however, the user watches

only a small part of the entire 360° video
=> lower effective resolution
• approx. 8% - 10%



Different Resolutions in Practice



From Garage to Revolution – Oculus Rift
• Kickstarter project - VR glasses
• board glasses + large screen (mobile phone) 

+ lenses + software
• advantages:

• large coverage of the visual field
• full 3D image rendering
• an extraordinary sense of immersion

• disadvantages:
• good concept, but the resolution of the

prototype is significantly too low
• "cybersickness"



Oculus for Everyone? – Mobile VR
• Google Cardboard



(HMD) Modern Devices



Image Model Resolution Refresh Rate Field of View



Image Model Resolution Refresh Rate Field of View



Image Model Resolution Refresh Rate Field of View



Image Model Resolution Refresh Rate Field of View



MS Hololens



Magic Leap



LeapMotion North Star



LeapMotion North Star



"Normal" Phones/Tablets



360° Video Production



Traditional vs 360° video
• standard / traditional / 2D video

• different shooting and editing 
techniques

• shot multiple times & edited together
• many postproduction techniques 

(cut, color, light, sound, ...)
• easily shape story and narrative

• 360° video
• fundamentally different
• no cuts, no framing, only a wide shot
• creating a stage around the viewer
• the viewer

• viewing direction
• how to engage
• exploring the scene



Filming 360°
• 360° camera
• smartphone
• microphone
• tripod / selfie stick

• stitching solution
• editing software
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Cameras and Equipment
• high resolution

• better picture quality and viewing experience
• at least 4K

• clean lenses
• watch out for rain, water, dust
• any small particle can distort the footage

• always using a monopod for stabilization
• appropriate SD card
• full battery (camera and smartphone)



Shooting Fundamentals
• environment
• scene setup
• lighting
• camera placement
• video recording
• audio recording
• directing



Environment
• 360° records in all directions
• be aware of the environment

• what will the viewer see at all possible vantage points?
• creating engaging and interesting video in all directions

blank wall isn‘t interesting



Scene Setup
• interesting compositions to attract viewer‘s attention
• stitching

• avoid placing objects and people on stitch lines
• remove objects obstructing the view
• remove unwanted objects from

the scene!
• it is too easy to unintentionally

leave something on the scene



Lighting
• lighting is the most challenging element of shooting 360
• enough light is key

most cameras don‘t do well in low light conditions
• natural light when possible
• artificial lights for indoor shooting

• hide lights out of camera sight
• keep mind of color temperature
• use practical light to organically light up the scene (desk lamp)



Camera placement
• place camera

• eye-level is most comfortable
• where a person would realistically stand

a person wouldn‘t stand on top of the table but beside it
• avoid placing camera within “helpless distance“ 

= so close to objects it‘s frustrating we can‘t interact
• object proximity

1 – 1,5 m away from key subject
far enough from the closest object to avoid lens distortion

• use a monopod for stable shooting



Video recording
• record on highest resolution
• video length

• shoot for longer than with traditional video
• slower pace to allow the viewer to have a look around the whole scene
• enough padding (before and after)
• consider “looping videos“

• don‘t fuss with the camera once you start recording
• film multiple times!
• consider camera battery

usually around 30 minutes of footage



Video recording
• controling the shot with smartphone

• see what the scene looks like
• start & stop filming
• stitch positioning
• adjusting camera settings



Audio recording
• elevate the experience by capturing ambisonic audio
• using external microphones

better audio quality
small enough to be hidden from view



Directing
• everything is in the shot, which means everyone is in the shot
• film crew

• playing hide and seek
• wearing dark clothes
• as far away as possible from the camera
• no looking at the camera
• no talking while filming

• directing
• teleprompter / cue cards / laptops can‘t be in the scene
• hiding a smartphone?



How to Tell a Story in VR?



Virtual Tour
• recreate the experience of visiting the property
• allow visitors to interact with their surroundings

• may consist of
• 360° videos and 360° images
• traditional (2D) videos, images, graphic elements
• texts
• connections
• 3D models



Storytelling
• immersive technology needs an immersive story

• different approaches and challenges



Framing Without a Frame
• not able to frame the shot with 360° video
• create engaging and interesting videos in all directions

• viewer may not look at the right direction => plan accordingly!
• direct attention to particular things



Directing Attention
• motion

• if a person/object moves across the scene, viewer will follow them
• spatial audio

• audio is a natural cue to know what to pay attention to
• translates well into immersive environment

• light
• difficult to light 360° video effectively
• setting main object / subject in the spotlight

• narration



Directing Attention
• social cues

• natural way to guide the viewer‘s attention
• subject is looking at the camera, viewer will maintain eye contact
• subject looks or points at something, viewer‘s gaze will follow

• graphics
• arrows, circles, buttons
• titles, lower thirds, infographics
• artwork can be “hidden“ in the scene

• forced perspective
• choose where viewer will look at the start of each 360° shot



Scenes that Work Well
• visually dynamic scenes

• interesting and relevant things to see
• outside shots are by default more interesting
• finding / creating attention grabbing indoor spaces

• access to unique experience
• giving the viewer a tase of something they wouldn‘t otherwise experience

• emotions & feelings
• immersive experience induces emotion in the viewer



Content for VR
• appropriateness of content and topics
• what is the added value?



Preparations
• preparation is essential in all types of recording



How to Prepare for a Virtual Tour
• planning ahead is key!
• preparation before content creation:

• determination of the goal / purpose of production
• target audience and sophistication
• devices and options
• list of 360° shots, locations, scenario
• list of additional content (video, images, graphic elements, sound, 3D models)
• planning navigation and hotspots
• planning layouts of 2D elements
• interactivity
• educational content



Spherical Compass
• viewer has a personal frame = field of view (FoV)

• moves dynamically
• centered around the viewer‘s gaze

• defining a spherical compass
• decide on visual north => determines camera and object placements
• outline other quadrants (west, east, south)
• define what viewer will be able to see



List of Recordings
• creating a snapshot list

• which rooms / spaces will be included
• how they will be related to each other
• location search

• deciding on the best camera placement
• pay attention to noise, light, potential problems
• additional equipment that will be needed, how to set it up



Location scouting
• location is key character in 360° video
• consider location from all angles
• keep notes of

• lighting
• ambient noise
• best camera position
• where to hide the cameraman
• can you keep people from walking into the shot



Recording of 360° content
• layout

• every 360° shot has to look good
• clear view of the room

• 360° recording
• test recordings are required for quality control
• capturing 360° images
• 360° video capture => loop works best!
• more shots!



Additional Content
• custom made or from a repository

• images and graphic elements
• 2D videos
• links and texts
• 3D models and animations

• consistency
• similar styles
• similar color palette

• good quality of pictures and videos



Planning Navigation and Hotspots
• before starting content capture
• navigation between individual 360° content

• drawing the tree structure
• connection planning
• floorplan

• potential problems
• missing 360° content
• inability to switch between individual 360° recordings
• inability to view all content
• stress (and consequently resistance) of the target user



Planning Element Layouts
• a list of all the elements we want to present on one 360° content

• division by types
• division by interaction options

• sensible placement in the room
• interaction design
• following the basic design principles in VR

• simple content
• avoiding large amounts of text
• high contrasts and colors



Educational Content
• implementation of e-learning
• designing quizzes

• questions and answers
• ensuring that the answer to the questions is hidden within the virtual tour
• limiting time, number of answers ...
• scoring
• final report

• planning of progress tracking
• what are the key points / information
• how the user gets to them



Organization
• a key part of planning
• organization of all content in folders for easier access
• renaming content
• maintenance of the organized structure and upload to the program



3D Vista Environment



3D Vista
• a tool for creating virtual walks
• easy to make, no programming skills required
• use on different devices – phone, tablet, computer, VR glasses
• compatibility with all 360° cameras



360° Content
• 360° videos and pictures
• dynamic panoramas (changing over time)
• HDR panoramas
• stereoscopic panoramas
• animated transitions between content



Virtual Tour Elements
• adding graphic elements (icons, images, navigation)
• use of 2D images and videos
• hotspots
• maps, floor plans, compass



3D Models
• importing different 3D models 
• textures and animations
• adding camera and lighting



E-learning Content
• quiz, question cards, treasure hunts
• integrated scoring
• reporting system
• integration with LMS

• virtual doubles
• simple training



Export and Use
• export in various formats

• web/mobile
• 360° video for platforms like Facebook and YouTube
• Google Street View

• 3D Vista Hosting – paid add-on
• using a mobile app to view walks



Examples

https://www.3dvista.com/en/samples/



Instructions
• 3D Vista offers a 30-day free license
• website: https://www.3dvista.com/en/
• other content in the online classroom

https://www.3dvista.com/en/


Demos
• virtual tour of University of Ljubljana, Faculty of Electrical Engineering

https://vr.fe.uni-lj.si/
• virtual tour for selected professions - Cene Štupar

https://xr.ltfe.org/
• virtual tour of the University of Ljubljana rectorate

https://xr.ltfe.org/UL/
• testing the limits of 3D Vista – MMC

https://xr.ltfe.org/MMC/

https://vr.fe.uni-lj.si/
https://xr.ltfe.org/
https://xr.ltfe.org/UL/
https://xr.ltfe.org/MMC/


An example of a Virtual Reality Experience



MMC Educational Content
• educational virtual tour
• we provide several classic interactive contents within one 360° experience
• different types and options

• example: multimedia center
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