
How Do People Edit Light Fields? 
 
 

Adrian Jarabo1*        Belen Masia1*         Adrien Bousseau2         Fabio Pellacini3         Diego Gutierrez1 
 

1Universidad de Zaragoza   2Inria   3Sapienza Università di Roma 
 
 
 



How Do People Edit Light Fields? 2/61 

A ‘new kind’ of pictures 

A ‘new kind’ 
of pictures 

Moderador
Notas de la presentación
Light fields, in addition to their benefits in IBR, have brought with them a new kind of pictures.

------------------------------------------
Nr of papers in sigg
Nr of companies selling LF cams – Lytro/Raytrix sales?
Adobe?
Examples of unstructured?

http://www.theverge.com/2014/1/7/5285162/sharps-massive-85-inch-8k-3dtv-concept-is-far-from-ready-for-prime-time
http://www.engadget.com/2014/01/08/sharp-85-inch-8k-3d-tv/
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A ‘new kind’ 
of pictures 

Moderador
Notas de la presentación
Among the features of this new kind of pictures, one of them is shifting the point of view, as you see here.



(Here you see a small shifting, but actually, how much you can shift it depends on your baseline during capture.)
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Not just view shifting… 

Focus shifting 
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Moderador
Notas de la presentación
But light fields are not only about view shifting.

You can also shift and adjust the focus post-capture, as shown here, obtaining different artistic and semantic effects on the same scene.
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Not just view shifting… 

Stereo 
content 
creation So
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Moderador
Notas de la presentación
Or you can generate stereo pairs from a light field 

(and, interestingly, not necessarily with a single center of projection, as has been shown by previous work).
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Scene 
reconstruction 

Not just view shifting… 

[Kim et al. 2013] 

Moderador
Notas de la presentación
As yet another application of light fields, they are being used, with very promising results, for dense scene reconstruction


(, like the one shown here by Kim et al.)


(This provides valuable information from the scene, allowing for a great number of editing operations, and facilitating scene understanding, material acquisition, etc.)
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85-inch 8K autostereoscopic TV by Sharp 

Not just view shifting… 

Content for 
glasses-free 
3D displays 

Moderador
Notas de la presentación
Further, light fields are the input to glasses-free 3D displays.

These displays still have a long way to go, but they are emerging, and manufacturers continue to display new prototypes every year, such as the one by Sharp shown here, with 8k in spatial resolution.

Actually, the fact that these displays require light fields as an input currently poses a major stumbling block in terms of content generation for them.

--------------------------------------------------------------------
http://www.theverge.com/2014/1/7/5285162/sharps-massive-85-inch-8k-3dtv-concept-is-far-from-ready-for-prime-time
http://www.engadget.com/2014/01/08/sharp-85-inch-8k-3d-tv/
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Light field cameras proliferate… 

RaytrixTM LytroTM Pelican Imaging 

Pixar Toshiba [Raskar et al. 2007] Adobe Cafadis 

Moderador
Notas de la presentación
As a result of this potential, light field cameras have already reached the consumer market. 

Raytrix and Lytro have been the first to commercialize light field cameras in the mass market, Raytrix targeting industrial customers and Lytro targeting the wide public.

But many others including Adobe or Pixar have their own prototypes and patents.
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There is an increasing need for 
editing this new content 

Moderador
Notas de la presentación
So it is clear that there is an increasing interest on light fields and their applications, with more devices for both capture and display.

As a result, we will need techniques, algorithms, software programs, that can edit this type of content.

However, very little is known or has been developed on how to manipulate and or modify the 4-dimensional structure that a light field is.
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A 4D structure 

Moderador
Notas de la presentación
A light field is a four-dimensional representation of a scene, which we can see as a scene captured from different viewpoints, 

During light field capture, we are effectively avoiding the angular integration that a conventional camera performs and thus capturing spatio-angular information, as in the light field shown here.
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2D 

There is an increasing need for 
editing this new content 

Moderador
Notas de la presentación
If we look at 2D conventional images, there is a huge body of work and sophisticated programs devoted to how to edit them.

For light fields, however, there is barely anything.
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→  4D ? 2D 

There is an increasing need for 
editing this new content 

Moderador
Notas de la presentación
(So how do we edit this four-dimensional structure on a two-dimensional screen? )

This is what we are trying to address in this paper, how do we move around this 4D structure that a light field is.

Let me show you the challenge…
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2D 

Moderador
Notas de la presentación
Say we have a 2D image we want to edit on our computer such as this image, and we want to paint a heart on the wall.

We can simply do it with any image editing software as simply as shown in this video.

However, if the image is not an image…
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4D 

• Unavailable 
 

• Inconvenient 
 

• Imperfect 

Using depth 
information? 

It may be: 

Moderador
Notas de la presentación
…but a light field, when we, for example, shift the viewpoint, the following can happen:

The edit is not placed correctly within the light field, and so it is not correctly propagated to all of its views. 
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There is an increasing need for 
editing this new content 

Our goal: Explore users’ preferences 
when navigating & editing a light field 

Moderador
Notas de la presentación
Our goal is to find out what is the best way to edit a light field, which is a four dimensional structure, on a conventional two-dimensional screen that the majority of us has.

Let me note here that we are interested in editing workflows and not on specific editing tools.

Explore
How to move around this 4D space
Remove 2D screen
Entender esto antes de sacar 50k algoritmos de edición
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(Distantly) Related Work 

Morphing        
Painting, scissoring 
Pop-Up Light Field 
Edit propagation 
… 

[Zhang et al. 2002] 
[Seitz and Kutulakos 2002] 
[Shum et al. 2004] 
[Jarabo et al. 2011] 

There is an increasing need for 
editing this new content 

Moderador
Notas de la presentación
There is a number of previous works which have dealt with how to do specific editions with a light field, such as:

Morphing two light fields together
Or painting or cutting parts off a light field
Or PopUp Light Field, an interactive system in which the user divides the light field into a series of layers for improved rendering
Or the work by Jarabo et al. on propagation of light field edits.

However, these works focus on how to build up the correspondences to do these kind of edits, and work with light fields of a particular object, as opposed to light fields of a whole scene. 

It is important to note that all this works propose editing tools for light fields, but they mostly do not pay special attention to the editing workflow or the interaction paradigm used.
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(More closely) Related Work 

Lytro Filters 
Lightfield Iris 

[Lytro 2013] 
[Vertical Horizon 2014] 

There is an increasing need for 
editing this new content 

Moderador
Notas de la presentación
Also related work are two commercial tools that are currently available and enable some modifications to a light field.

Both Lytro and Vertical Horizon presented tools for light field manipulation, but they both enable only global modifications of the light field based on pre-sets.



(The company Lytro presented some filters that can be applied on their light fields, but they are global filters that are applied by just selecting one predetermined filter or another.

Another company, Vertical Horizon, presented an app called Lightfield Iris for light field editing. But again, it enables only global modifications of the light field based on pre-sets.)



How Do People Edit Light Fields? 21/61 

There is a need for editing and 
manipulating this new content 

Our goal: Explore users’ preferences 
when navigating & editing a light field 

2D   →   4D 

→ Analyze light field editing 
interaction paradigms 

,         , … ? 

Moderador
Notas de la presentación
What we do in this paper, and let me recover our goal here, is take the first steps towards tools in the spirit of the ones we have for 2D images, but for light fields, going beyond global pre-sets and filters.

And we do this by formalizing a number of interaction paradigms and analyzing them through various user studies.
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Interaction Paradigms 

Two main paradigms: 
 

– Multiview  [Zhang02, Wang05, Shum04] 

Moderador
Notas de la presentación
Once the problem is defined, looking at the literature we distill and formalize the two main interaction paradigms.

The first paradigm we call multiview, and is the most common in existing work on non-automatic light field editing.


(These paradigms are defined based on previous literature, on the different works which proposed some editing tools for the light field, like the ones we mentioned before.)
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Interaction Paradigms - Multiview 
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Moderador
Notas de la presentación
In multiview, users navigate between the views of the light field to specify correspondences that locate their edits in space.

Essentially, multiview uses parallax to convey disparity, as done here.
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Interaction Paradigms 

Two main paradigms: 
 

– Multiview  [Zhang02, Wang05, Shum04] 
 

– Focus  [Isaksen02, Davis12] 

Moderador
Notas de la presentación
The second paradigm we call “Focus”.
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Interaction Paradigms - Focus 
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Moderador
Notas de la presentación
And uses defocus blur as a cue to convey depth.

In focus, the light field is shown with a shallow depth of field to show the active depth where the editing can be done.
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Interaction Paradigms 

Two main paradigms 
 

– Multiview  [Zhang02, Wang05, Shum04] 
 → Parallax 

– Focus  [Isaksen02, Davis12] 
 → Defocus blur 

(based on two depth cues): 

Moderador
Notas de la presentación
So basically both paradigms differ on that they rely on different depth cues to allow users visualize the disparity (or depth) in the light field.

Multiview relies on parallax, while focus relies on defocus blur.

We will show now how edits are done in each of the two.
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Interaction Paradigms - Multiview 
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Moderador
Notas de la presentación
In Multiview the user first selects one view of the light field, and draws a stroke.

I will show you this both on the diagram and on the actual interface, part of which is shown on your right.

This stroke can be anywhere along that red line drawn.

To fix its actual position, the user needs to shift to another view, and adjust the depth of the stroke based on the observed parallax.

When satisified, the user fixes the position of the stroke, which can then be correctly observed on all other views.
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Interaction Paradigms - Focus 
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Moderador
Notas de la presentación
In focus, the user works with the central view of the light field.

And again, I will be showing you the procedure both on the diagram and on the actual interface, shown on your right.

While before we first drew the stroke and then adjusted depth, in focus it is the other way around.

The user first adjusts the depth at which the stroke will be, by shifting the in-focus plane.

Once this in-focus plane is correctly positioned, the user draws a stroke.

This stroke is propagated to the rest of the views of the light field.
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Position in depth - Multiview 

So…  
how do people edit light fields? 

Moderador
Notas de la presentación
And now, with all this background, let’s ask ourselves, 

How do people edit light fields?
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1. Baseline experiment 
- Users preferences on interfaces 
- Synthetic light fields 

2. Experiment with real light fields 
- Workflows on realistic edits 
- Captured light fields 

 

Our user studies 

Moderador
Notas de la presentación
In order to answer this question, we performed two experiments …(click)
The first one is a controlled baseline experiment, where we focus on finding users preferences when editing LF, (click) and we use synthetic light fields (click). We use the conclussions of this first experiment to feed the second one (click)

 Where we focus on users workflows in real world edits, (click) using captured light fields (click).
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1. Task-based guided experiments 

• Users perform a specific edit on a given 
light field 

• Objective & subjective data is gathered 

 

Our user studies – Characteristics 

Moderador
Notas de la presentación
Both our user studies are designed as task-based experiments, where users are asked to perform specific edits into the given light field, given certain time; and where we gather objective and subjective data.
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2. Depth information plugged into both 
paradigms (F, MV) 

• 4 interfaces (F, MV, F+D, MV+D) 

• Might not be always useful (e.g. imperfect 
depth, not editing on surfaces) 

• Similar to 3D editing 

 

Our user studies – Characteristics 

Moderador
Notas de la presentación
Since light fields can be used to reconstruc depth from a scene, we also include this depth information into the two paradigms explained before, (click) whose combination gives 4 interfaces.
(click) we evaluate both with and without depth to evaluate users preferences, since depth don’t neccesarily need to be useful.

(click) note that using depth information transforms LF editing  is similar to typical 3D modeling.
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Our user studies – Editing with Depth 

VIDEO 

Moderador
Notas de la presentación
Here is an example, where the user is asked to paint in the wall using MV+D. With this combination, this task simply requires drawing, since the depth positioning is done by just snapping the edits into the depth at the pixel.  
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3. Point-based editing operations 

• Most common editing tools 

o Color brush, dodge/burn, clone… 

• Building block for non-local tools 

o Selection, coarse edit propagation, magic wand… 

Our user studies – Characteristics 

Moderador
Notas de la presentación
Finally, in our experiments we focus on point-based editing operations. We do that for two reasons:
First; many common operations is 2D editing software (e.g. PS) are based on this type of tools, such as brushes, dodge & burn, clone…
And second; this point-based interaction is the building block for non-local tools, such as selection, or edit propagation, where some point based interaction is required.
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1. Baseline experiment 
- Users preferences on interfaces 
- Synthetic light fields 

2. Experiment with real light fields 
- Workflows on realistic edits 
- Captured light fields 

 

Our user studies 
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∙ 5 directed tasks in fixed order 

 

Experiment 1 – Procedure  

Moderador
Notas de la presentación
… We asked the users to perform 5 directed tasks, with different challenges such as:
(click) drawing in a planar surface,
(click) on a curved one,
(click) handling occlusions,
(click) editing view-dependent effects such as glossy reflections,
(click) and editing in free-space, that is, non on top of a surface.
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Experiment 1 – Procedure  

∙ 5 directed tasks in fixed order 

∙ 4 interfaces (F, FD, M, MD) in random 
order 

∙ Ground truth depth 

Moderador
Notas de la presentación
Each of these tasks are performed in blocks for each interface (both F and MV, using and not using depth information), with the interfaces in random order. Note that we explore both using and not using depth, since depth might be not allways useful, or may not be available.

(click) Since we use synthetic light fields, we have perfect depth …
(click) and we gather both objective and subjective data.

Here we will explain the main findings of the experiment, and refer to the paper for details on the analysis and numerical results.
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• Task dependent 

• Focus offers more sense of control, Multiview 
better for navigation 

• Users prefer switching between interfaces 

Hybrid Interface 

Experiment 1 – Findings 

Moderador
Notas de la presentación
The first main finding is that the preference for a given interface paradigm, is very tasks dependent. 

In fact, the users reported their preference for switching between both paradigms, so they can get the best of each of them.
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• Depth info is not always useful 

• Handling occlusions is challenging with depth 
alone 

Depth Selection Tool 

Experiment 1 – Findings 

Moderador
Notas de la presentación
The second main finding is that, depending on the type of edit, depth is not always useful. In example, for editing on free space. Additionally, we found that depth alone is not enough to handle efficiently occlusions; thus, based on users suggestions, we incorporate a depth tool selection.
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Depth Selection tool 

Select 
Depth 

Moderador
Notas de la presentación
This depth tool works as follows; first, the user selects the specific depth he wants to edit.
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Depth Selection tool 

Selected Masked Out 

Edit on  
selected areas 

Moderador
Notas de la presentación
This creates a mask, based on depth… (click) that allows editing on the selected area, while masking out the unselected area.
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Depth Selection tool 

Allows handling 
occlussions  
 

Moderador
Notas de la presentación
This allows handing occlusions pretty easily, as can be seen, where the sable edit has not been propagated to the computer.
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1. Baseline experiment 
- Users preferences on interfaces 
- Synthetic light fields 

2. Experiment with real light fields 
- Workflows on realistic edits 
- Captured light fields 

 

Our user studies 

1. Hybrid Interface 
 

2. Depth Selection tool 

Moderador
Notas de la presentación
Based on the findings of the first experiment, we incorporate the proposed improvements in order to develop the new experiment.
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Experiment 2 – Procedure  

∙ 10 directed tasks; random order 

∙ Hybrid interface  

∙ Reconstructed depth info available 
What impact does imperfect depth have? 

Moderador
Notas de la presentación
We asked the users to perform 10 directed tasks, performed in random order (click).

We give the users complete freedom wrt interface, tools used, or using or not depth.

Additonally, here We use reconstructed depth. This allows us to study the effect that imperfect depth has on editing.

And, again, we gather objective and subjective data.
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Experiment 2 – Tasks 

Moderador
Notas de la presentación
The 10 tasks of the experiment are done over 8 different light fields (click),
obtained from different sources, and with depth reconstructed with different algorithms
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Experiment 2 – Tasks 

Handling occlusions 

Moderador
Notas de la presentación
… handling occlussions (click)…
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Experiment 2 – Tasks 

Handling occlusions 

Occluder 

Moderador
Notas de la presentación
… such as the shown here, where the users have to edit the wall, which is occluded by the tree.
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Experiment 2 – Tasks 

Editing in free space 

Moderador
Notas de la presentación
Edit on free space… (click)
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Experiment 2 – Tasks 

Editing planar surfaces 

Moderador
Notas de la presentación
Editing planar surfaces…
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Experiment 2 – Tasks 

Intricate geometries 

Moderador
Notas de la presentación
Editing over intrincate geometries…
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Experiment 2 – Tasks 

Editing curved surfaces 

Moderador
Notas de la presentación
Or editing on curved surfaces….
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Experiment 2 – Analysis 

Subjective Data 

- Ratings in post-task questions 

Moderador
Notas de la presentación
We performed the experiment with 10 subjects, and collected and analyzed several data (click)

Including subjective data in the form of rating (click) and rankings for post tasks and post-experiment questions.
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Experiment 2 – Analysis 

Subjective Data 

- Ratings in post-task questions 

- Ratings & rankings in final questions 
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Experiment 2 – Analysis 

Objective Data 

- Times of use of the different 
features and tools → workflows 
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Experiment 2 – Analysis 

Objective Data 

- Times of use of the different 
features and tools → workflows Full analysis in the paper  

and supplementary material 

Moderador
Notas de la presentación
And objective data in the form of workflows (click). We refer to the paper and supplemental material for details on the data and analysis, and here we summarize the main conclussions of our study.
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1. A usable interface that allows performing 
common edits on a light field 

Conclusions 

Moderador
Notas de la presentación
After an analysis of this data, we found the following conclussions (click):
First of all, we found that the users are capable of performing common edits on light fields, and they found both the editing experience and the obtained results satisfactory. 
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Editing results 

Moderador
Notas de la presentación
In fact, we asked to perform more complex, open edits into new light fields, and got very compelling results; showing that we are able to perform complex photographic editing, without losing the capabilities of light fields….
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2. Users leverage the extra angular information 
in the 4D light field 

Conclusions 

Moderador
Notas de la presentación
We also found that users leverage the extra information in the light field to perform complex edits (click)
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3. Occlusions and complex geometries can 
be handled with the Depth Selection tool 

• Utility of Depth Selection:   4.6/5 
• Freq. of use Depth Selection:  4.7/5 

          1: not at all – 5 very 
 

Conclusions 

Moderador
Notas de la presentación
Users also reported that the depth selection tool was very useful in order to handle occlusions, more than typical color selection tools.

Remember that occlusions could not be handled before in the first experiment
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Sample editing session 

Moderador
Notas de la presentación
Here is an example where the depth picker is extensively used to avoid editing on unintended zones. 
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4. Depth inaccuracies do not significantly 
affect editing 

• Effect of depth inaccuracies in editing:  2.2/5 
• Noticing inaccuracies in depth info:   2.2/5 

1: none – 5 a lot 

Conclusions 

Moderador
Notas de la presentación
Surprisingly, we found that depth inaccuracies do not affect much editing; we believe that this might be due to the type of inacuracies, and the nature of the edits.
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5. A LF Edit Interface would benefit from the 
easy navigation of multiview and the 
degree of control of focus 

Conclusions 

Moderador
Notas de la presentación
And our last conclusion is that we found that an ideal LFEI would need to combine the easy navigation given with MV, with the degree of control given by paradigms that make explicit the depth of edition, such as focus.
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Thanks! 

 • Anonymous Reviewers 

• Participants of the experiments 

• P. Moosebrugger, S. López, J. I. Echevarría, C. A. Aliaga, R. Buisan, 
J. Marco, P. Hernando, L. Serra, C. K. Liang 

• LF and 3D models owners 

• Projects Verve, Golem, TAMA, Tropic, Intel Corp, Adobe, NVIDIA 

Moderador
Notas de la presentación
And that’s all…
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Thanks! 

 

Interface, Code & Data online:  
http://giga.cps.unizar.es/~ajarabo/
pubs/lfeiSIG14/ 

Moderador
Notas de la presentación
Finally, we have made our interface, source code and datasets available online; we hope that this will serve as a good starting point to develop future LF editing tools.

Thanks for your attention.
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Interfaces - Multiview 
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Interfaces - Focus 
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