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Assignment 1 overview:
1> Just about everyone’s input images with different exposures were good but overall nobody was able to create any cool images.

2> just about everyone got stuck with the bilateral filtering.

3> the goal was to learn about the simple concepts and not get bogged down by coding/programming issues.

4> you can still continue trying and send me once you have gone through the cycle of HDR images and bilateral filtering.

Question and Answer:

q> no one really could beat the average image. Good input images but not really good output images. Many people got stuck with the bilateral Filtering code. Well professor it seemed liked the average was pretty good in itself but neither was the hdrshop image all that significantly different. What was the reason for the same?

Ans: hdrshop only displays the image. it does not do any compression. So technically it’s suppose to give you a better image but the output from bilateral filtering is suppose to be better. Once again, the goal for the course is not to make u deal with difficult math or

Matlab code but it’s to make you understand the camera, the limitations of it and to figure out ways to overcome it. So go ahead and try new stuff and check if u can do new stuff and go through the entire cycle as one needs to learn about cameras and stuff.
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I have decided to cancel the term paper. Instead everyone will read some siggraph papers and present the material in front of the class. Depending on the topics you select and the topic being taught in the class, one will get their presentation scheduled.
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In this assignment, you will combine multiple pictures to create
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Then you will create special effects 

Then you will create special effects 

(i) Change depth of field
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(ii) Change orientation of slab of focus
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1. Here is the high level code for HDF creation

1. Here is the high level code for HDF creation

Read in images 1 to n

Read in images 1 to n

For each pixel

For each pixel

Find local variance in n images

Find local variance in n images

Keep pixel with largest variance

Keep pixel with largest variance

This should generate image where all pixels are in focus

This should generate image where all pixels are in focus

Create labeling for which pixel came from which image

Create labeling for which pixel came from which image

This labeling creates approximate (

This labeling creates approximate (

psuedo

psuedo

) depth map for the image

) depth map for the image

2. Special effects

2. Special effects

2a. Changing depth of field

2a. Changing depth of field

Now you want to create an image where depth of field is

Now you want to create an image where depth of field is

larger than in the input images but outside the depth of field

larger than in the input images but outside the depth of field

the image is blurred

the image is blurred

Use the 

Use the 

psuedo

psuedo

-

-

depth map created above and choose samples accordingly
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2b. Changing orientation for plane of focus

2b. Changing orientation for plane of focus

For each shaft (group of columns) left to right choose

For each shaft (group of columns) left to right choose

shaft from successive image 1 to n.

shaft from successive image 1 to n.

You will create an image where plane of focus shifts from left t
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o right

o right

Experiment to create other focus planes orientations.

Experiment to create other focus planes orientations.
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Download from 
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5 pictures with varying focus
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Create HDF image

Create HDF image

Average the five images in 

Average the five images in 

Matlab

Matlab

to get an idea of what you should get

to get an idea of what you should get

Write 

Write 

Matlab

Matlab

code to create your own HDF image

code to create your own HDF image

Implement special effects

Implement special effects

Submit

Submit

Due Oct 19th
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All code

All code

For dataset1: Average, label map, special effects results

For dataset1: Average, label map, special effects results

For dataset2: input images and three results

For dataset2: input images and three results

Send me a link to your assignment

Send me a link to your assignment


Project 2:

Concept behind creating HDF image:

Consider a blurred image. Consider a pixel as a reference. The value at a pixel right next to this pixel will be very similar to the value at the current pixel. For the portions of the image which are good focus this effect will be vice versa. So the goal is to maximize the variance in values of all adjacent pixels in order to obtain an image with everything in it completely well focused.

How we do it?

Take a whole bunch of images for the same scene at different focal distances. Thus we have lots of images with different portions in it focused. Now for our final HDF image we need to calculate variance with adjacent pixels for each of the images we shot and then select the image with maximum variance for that pixel. We repeat this process for all the pixels. In of the intermediate steps is to compute labels which indicate which images are contributing to the particular pixel of the final image.
Coding tips:
Say for example you take a 3 by 3 region. Then we take 9 intensity values .we take the mean for the same and based upon it we calculate the standard deviation and finally the variance.

2nd part of the assignment includes creating various special effects:

Question and answer:
1> in one of the special effects task you want us to change / vary the plane of focus. In the real world scenario where would we need to have such kind of effect?
Ans: Two best examples for the same would be: A book with text on it. We want the text on it to be in focus. we need diagonal focus for the same.

Another good example for the same would be ground focus on a open field in case of sporting events.

Note: there are view cameras available that take diagonal focus.
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A lens focuses light onto the film

• There is a specific distance at which objects are “in focus”

– other points project to a “circle of confusion” in the image

• How can we change focus distance?

“circle of 

confusion”

Slide by Steve Seitz


Key point here on this slide is the circle of confusion.

The red point is in focus but the blue point isn’t. The red point converges into a single point on the film whereas the blue point does not converge into a single point.

This is because it’s certain distance away from the plane of focus. The entire area along which the blue point can effectively be blurred into is called the circle of confusion for the blue point.
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The above two images further elaborate the concept. For the image on the left one can see that only a few dishes setup somewhere in between are in focus whereas other are not. The ones which are in focus are marked within the depth of field.

Similarly for the image on the right, the upper and lower regions of the text are out of focus.

Loosely defined:
Depth of field is that slab of depth beyond a certain point which everything is out of focus and is in the circle of confusion.
Note: circle of confusion depends on what you are trying to do.

e.g.: printing an image at home printer vs. blowing it up for a 10 feet poster. Now depending on what you are trying to do the circle of confusion will vary. So circle of confusion changes. It’s difficult to define what the acceptable degree of convergence is going to be. So typically there are no units for focus. Ideally something under focus is like a point in focus. As we move the point from under focus to out of focus, its starts getting bigger and bigger like a circle.
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Changing the aperture size affects depth of field

• A smaller aperture increases the range in which the object is 

approximately in focus

• But small aperture reduces amount of light – need to 

increase exposure


What really controls the depth of field?
Well lots of factors that we are going to explore in the next few slides.
First of all, Depth of field is not really a distance.
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FOV depends of Focal Length

Smaller FOV = larger Focal Length


Changing focal length makes object look very far away or closer.
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This set of images are an interesting case of illustration on how focal length can often change a lot of things about how things are actually are in reality and how they appear on an image. 
AS one can see from the image on the left the three persons appear to be right next to each other and also they seem to have the same height or so. The image on the right and the one below clear indicates that the three persons are way away from each other and also they may not have the same height.

This has happened because of the way the picture might have been taken. The image might have been taken with a very high focal length or using an excellent zoom lens which makes things appear smaller and lesser in distance/height.
Similar effects can be seen during the baseball games on TV. The pitcher, batter and the people in the stands appear to be of the same size which obviously is not the case in reality. This is because of the unsafe of high quality and large valued zoom lenses from the other end of the ball park.
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Telephoto makes it easier to 

select background (a small 

change in viewpoint is a big 

change in background.


The above images again further illustrate the point made during the previous slides.
Question and answer:

q> let’s say you are trying to take a close up picture of a flower or so. What’s better using a zoom lens to move closer to the flower or physically move along with the camera closer to the flower?

Ans:  This is the concept of perspective vs. viewpoint. 
Zoom lens brings in the notion of background and there can also be perspective distortion.
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On a 50mm lens, f/2 is saying that the diameter 
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F-stop:

F-stop is the ratio of the diameter of the aperture and focal length of the lens.

Often because of the various vague terms used by the photographers, F-stop, Exposure etc are intermixed and confused by people. From technical point of view its better to think the following way:

F-stop: think about the focal length
Aperture: think about exposure.

Don’t confuse things with f stop affects exposure and so on.
Here is an e.g.:

F/2 vs. f/4 for 50 mm lens

F/2 means aperture is open for 25mm

F/4 means aperture is open for 12.5 mm.
Equation:

1/f = 1/u + 1/v

Question: When they shoot movies often they use light meters to measure light and then they set the F stop accordingly. What are they trying to achieve?
Ans: Actually, in movie cameras often the f value is fixed. Also they don’t want the camera to calculate the light on its own since camera will calculate the light around itself and not around the subjects. Light meter is used to record light around the subjects and then that meter reading is fed into the camera to get the right exposure. Mostly the Lens has fixed F stop depending on what kind of lens the typical shot needs. The exposure is then dictated by the light meter reading. We often hear terms such as go down one or up stop.
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256x 1 / 256 45 45.25483

128x 1 / 128 32 32

64x 1 / 64 22 22.62742
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What f stop is really calculating is the area. Basically, we are trying to relate area to diameter. But often totally confusing and unnecessary terminology is used.

The table above indicates that f stops go increasing in the increments of sq root of 2

This means an area factor of 2, exposure by factor of half.
Also when one decreases f stop one can compensate by increasing the exposure time.
Note: To avoid mentioning milli secs everything is a fraction.
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How to define depth of field?
For that we need to define the circle of confusion. However, Circle of confusion can be considered in two ways as mentioned below:

Circle of confusion in:

1>object space: here we consider the fact that several points on checker board contribute towards one point of the sensor.
2>sensor space: here we consider the fact that single point on checker board contribute to more than one pixel of the sensor.

Both these considerations have been elaborated in the figures above and further explained in the slides that follow.
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Here we now consider the fact that the checkerboard is now closer to the sensor. However the considerations for the circle of confusion pretty much remain the same and we have pretty much similar effects to the ones explained earlier.
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Depth of field can be thus be defined by how much amount can one move the checkerboard in the real world or
By how much shall one move the sensor to get a sharp or acceptable image? 

Often terms such as depth of field or depth of focus are used. 
Depth of field is the real world case whereas the depth of focus is more with respect to the inside of the camera.

Question: Is the distance that one can move the focal point ahead or behind without getting it out of focus the same (equal)?

Answer: no.

There is a relationship between how much in front and how much at the back.

It’s the hyperbolic mean and not arithmetic mean.

v = n and f function.

(v - n)! = (f –v)
V! = avg (n, f)

v = hyperbolic mean of n and f (n, f)

1 / v = avg (1/n, 1/f)

v = 2nf / n + f

Geometric mean is sq root of product
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Depth of field
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Consider a situation where we have three people equidistance from each other. For getting the focus right in such a situation, we make sure we focus on central person and aperture setting is such that the first and the centre person are in focus then the other one will be automatically in focus.

Question: suppose you have a scene where a person is standing in front of the grass and some scenery. We want everything to be in focus right from the person, second layer behind him of grass and the scenery which is pretty much at a distance of infinity.
Answer:

If we consider the distance of the person is X. then we have v = infinity.
Guess 1:  keeping imager at the focus then person will be out of focus.
Ans:  WE focus it at a distance two times X. this way both X and scenery will be out of focus by the same amount and thus giving us the effect of everything being in focus.
This can also be obtained from the hyperbolic equation we gave earlier.
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DoF Depends on aperture


We are not going to sum up the various relationships that we studied:
Depth of field depends on aperture and the relationship is inversely proportional.
Larger the aperture smaller is the Depth of field and as we move towards smaller aperture sizes we get higher depth of field.
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Depth of field depends on focusing distance
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Depth of field depends on the distance where we are focusing and the relationship is of direct proportion.
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Depends on focusing distance


As we can see when we focus at smaller distance we get smaller Depth of field and as this distance increases we get higher Depth of field.
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Depends on focal length

•

Remember definition of f stop = diameter/focus length


Depth of field depends on focal length and the relationship is inversely proportional.

We have in fact already discussed this before considering the case of zooms lens on a ballpark. Here ideally they used very high focal length around 135 mm or so to get wider Field of view and everything is small e.g. people 
Thus based upon the various relationships mentioned above,
Depth of filed can be given by:

Depth of field = v / af

Amount of light is different as compared to this relationship so don’t confuse this with that. It’s directly proportional to the f stop though.










