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Hello and welcome to lecture number 23 in the course Computer Graphics. So we are
currently discussing the graphics pipeline and there are five stages in the pipeline as we all

know.
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The first stage is object representation, second stage is modeling transformation, third stage is
lighting, fourth stage is viewing pipeline, and the fifth stage is scan conversion. Among them,
we are currently in the fourth stage that is viewing transformation. The previous three stages

we have already discussed.
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Recap

* We arc discussing the 4® stage - viewing pipeline
I * Covered 3 sub stages
" ‘/(icw transformation
\,‘/Pr/()icction transformation

\/ﬁewport transformation

Now, in this fourth stage, as you may recollect there are many sub-stages. So there are 3
transformations and 2 sub-stages related to some other operations. So the three

transformations are view transformation, projection transformation, and viewport

transformation.
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Recap

* Two more processing ate patt of this stage
* Clipping

* Hidden surface removalv””

Then we have two operations, clipping and hidden surface removal. Now, among all these

transformations and operations, we have already covered the three transformations and

clipping.
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Today, we are going to discuss the remaining operation that is hidden surface removal. Let us
see what is hidden surface removal, what is the basic idea, and how we can do this.
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Basic Idea

* Barlier, we learnt to remove objects fully ot

partially putside)view volume - using the

clippin;g 2

* Sometimes, we need to remove, either fully ot

—

partially, objects that ﬂfLQIlSidS\I\’iCW volume

Earlier, during our discussion on clipping, we have learned that how to remove objects fully
or partially that are outside the view volume. So those we did using the clipping algorithms.
So to note here that the clipping was done on objects that are partially or fully outside of the
view volume. Sometimes, we actually need to remove either again fully or partially objects

that are inside the view volume.

So in case of clipping, we are dealing with objects that are outside the view volume, whereas
in case of hidden surface removal, we deal with objects that are inside the volume. Now when
the objects are inside the volume, clearly, we cannot apply the clipping algorithm because

clipping algorithms are designed to detect the objects that are outside, either fully or partially.
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Let us see one example. Consider this image. Here, there are two objects; this is the one and
this cylinder is the other one. Now ideally, there is one surface here. For realistic image
generation, if we are looking at this object from this direction then ideally, we should not be
able to see this surface represented by the dotted boundary line, this surface. So if the viewer
is located at this point here then this object A surface, which is behind this object B should

not be visible to the viewer.

So before we render the image to have the realistic effect, we should be able to eliminate this

surface from the rendered image.
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Here in this case we cannot use clipping, because here we are assuming that both the objects
are within the view volume. So clipping algorithms are not applicable. What we require is a
different algorithm or a different set of algorithms. Now, these algorithms are collectively

known as hidden surface removal methods or alternatively, visible surface detection methods.

So to note which clipping, what we do? We try to remove objects that are partially or fully
outside the view volume. With hidden surface removal, what we do? We try to remove object
surfaces or objects, which are inside the view volume but which are blocked from view due

to the presence of other objects or surfaces with respect to a particular viewing position.
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So in case of hidden surface, we are assuming specific viewing direction. Because a surface
hidden from a particular viewing position may not be so if we are looking at it from another
direction. So with respect to viewing position only, we can determine whether surface or an

object is hidden or not.
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Now, before we go into the details of the methods for hidden surface removal, we should
keep in mind that there are two assumptions that we will be making. First one is we will use a
right-handed coordinate system and we will assume that the viewer looking at the scene along

the negative Z direction. Secondly, the objects whichever are there in the scene have



polygonal surfaces, so all the object surfaces are polygonal. These two assumptions we will

make in order to explain the hidden surface removal methods.
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Method Types

Now let us go into the details of the methods that are there to detect and eliminate hidden

surfaces.
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HSR Method Types

* HSR method broadly ofq@typcs

M}icct space method

Amage space method

Now there are many methods, all these methods we can broadly divide into two types. One is
object space method, the second one is image space method. So what is the idea behind these

methods let us try to understand?
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Object Space Methods

?._W{iects and parts of objects are compared to each
other to determine vistble surfaces

In case of object space method what we do, we compare objects or parts of the objects to

each other to determine the visible surfaces. So here we are dealing with objects at the level

of 3D.
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Object Space Methods

* (Seneral approach

For each object in the scene, do,

¥ Determine those parts of the object whose view is
unobstructed by other parts or any other object witt
viewing specification

\,Z./ Render those parts with object color

And the general approach that is followed to perform hidden surface removal with an object
space methods consists of two stages broadly. So for each object in the scene what we do is
first we determine those parts of the object whose view is unobstructed by other parts or any

other object with respect to the viewing specification.



So first stage is to determine the parts that are hidden with respect to the viewing position.
And then in the second position, we render the parts that are not hidden. So, essentially those
parts that are not obstructed with the color of the object. So these two are the general steps
that are performed in any object space method namely, first stage is to determine the surfaces
that are not hidden and in second stage we render those surfaces or parts of the objects with

the particular color.
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Object Space Methods

T
* Note - such methods work '\chor(;))m]ecnon (at
the 3D object level)

Since here we are dealing with objects, so essentially these methods work before projection,
at the 3D object level. Remember that once we perform projection, the objects are

transformed to a 2D description. So we cannot have this 3D characteristics.
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Object Space Methods
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resolution ' I
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So what are the advantages? There is one advantage. So this object space methods provide
device-independent method and work for any resolution of the screen, but it also has some
drawbacks namely, determination of these surfaces that are hidden or not hidden is
computation intensive. Secondly, depending on the complexity of the scene and also the

resources that are available.

These methods can even become infeasible because they are computation intensive and if the

resources are not sufficient then we may not be able to implement them at all.
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Object Space Methods

* Usually, suitable for simple scenes with small

number of objects



Usually, such methods are suitable for simple scenes with small number of objects. So object
space methods are best applicable when the scene is simple and having small number of

objects.
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Imggi Sﬂag Methods

* Here, visibility decided pornt-by-point at each pixel

position on the projection plane

In case of image space method what happens? So as the name suggest, the detection and
rendering takes place at the level of image that means after projections. So here, visibility is
decided point-by-point at each pixel position on the projection plane. So here, we are no

longer dealing in the 3D space, we are dealing in 2D projection plane at the level of pixels.
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Image Space Methods
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Again, there are two steps in the general approach. So for each pixel on the screen what we
do? We first determine the objects that are closest to viewer and are pierced by the projector
through the pixel. So essentially, the closest objects that are projected to that point. Secondly,
the second step is to draw the pixel with the object color.

So in the first stage, we determine which is the closest object that is projected on the pixel,
and in the second stage we assign the pixel color as the object color and that we do for each
pixel on the screen. So to compare earlier what we were doing? Earlier, we were doing it for

each surface here we are doing it for each pixel.
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Image Space Methods
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and tasterized (i.c., mapped to pixels)

Clearly, the methods work after surfaces are projected and rasterized that means mapped to

pixel grid, unlike the previous case where we were in the 3D domain.
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Image Space Methods

* Computations involved are usually less, although

methods depend on display resolution

* Change in resolution requires re-computation of pixel
colors

Here the computations are usually less compared to object space methods. However, the
method depends on display resolution because we are doing the computations for each pixel.
So if there is a change in resolution then we require re-computation of pixel colors. So that is

the overhead.
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Coherence

So broadly, there are these two methods, object space methods, and image space methods.
Later on, we will see examples of each of these methods which are very popular. But before
going into that let us try to talk about some properties that actually are utilized to come up

with efficient methods for hidden surface detection and removal.
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Application of Coherence
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calculated for one part of scene o image for the

other nearby parts

So there are many such properties. Collectively, these properties are called coherence
properties, which are used to reduce the computations in hidden surface removal methods. As
we already talked about, these methods are computationally intensive. So if we use this
coherent properties then some amount of computations can be reduced as we shall see later.

Now these properties are essentially related to some similarities between images or parts of
the images and if we perform computation for one part then due to these properties, we can

apply the results on other parts and that is how we reduce computation.

So essentially, we exploit local similarities that means making use of results that we have
calculated for one part of a scene or an image for the other nearby parts. So we perform
computation for one part and use the result for other part without repeating the same

computation and in that way, we reduce some amount of computation.
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Application of Coherence

* There are several types of coherences
I V‘/(.)bjcct Coherence
\Vﬁacc coherence

\ %dge coherence
\}écau line coherence

\//Depth coherence

Aramc coherence

Now, there are many such coherence properties; broadly, of six types, object coherence, face
coherence, edge coherence, scan line coherence, depth coherence, and frame coherence. Let
us quickly have a discussion on each of these for better understanding although, we will not

go into detailed discussions and how they are related to different methods.
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(_)bje_ct goherenc-e_

* In object coherence, we check for vistbility of an

object with respect to another by comparing its
circumscribing solids (which are usually of simple forms
such as sphete or cubc)

* Only if the solids ovetlap, we go [or further processing

First is object coherence, what it tells? Here, we check for visibility of an object with respect
to another object by comparing its circumscribing solids, which are in many cases, of simple
forms, such as spheres or cube. So then, only if the solids overlap we go for further

processing. If there is no overlap that means there is no hidden surfaces so we do not need to



do any processing for further. So this is simple way of eliminating lots of computations due

to this object coherence property.
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Face Coherence

* In face coherence, surface properties computed for
I one part of a surface can be applied to adjacent patts of I
the same surface

* Fix - 1f surface 1s small, we can assume surface 15 mvisible to

aviewer if one part of it 15 invistble

Next, come face coherence. Here, surface properties computed for one part of a surface can
be applied to adjacent parts of the same surface that is what is the implication of this face
coherence property. For example, if the surface is small then we can assume that the surface
is invisible to a viewer if one part of it invisible. So we do not need to check for invisibility
for each and every part. So we check it for one part and then we simply say that other parts

will also be invisible if that part is invisible.
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F:dgf Coherence
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Then third is edge coherence. Here, this property indicates visibility of an edge changes only
when it crosses another edge. If one segment of a non-intersecting edge is visible, we
determine without further calculation the entire edge is also visible. So edge coherence tells
us that there will be a change in visibility only if the edge intersects another edge. In other
words, if one segment of an edge is visible and the edge is not intersecting with any other

edge that means we can say that entire edge is also visible.
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Scan Line Cohetence

* Indicates a line or surface segment visible 1 one
scan line 15 als @kely Yo be visible in the adjacent

scan lines

* We need not perform visibility computations for

every scan line

Then comes scan line coherence, what it tells? It indicates or implies a line or surface
segment that is visible in one scan line is also likely to be visible in the adjacent scan lines
and we do not need to perform this visibility computations for every scan line. So we do it for
one scan line and apply the result for adjacent scan lines.
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Dipth (Io_herence

* Tells us depth of adjacent parts of the same
surface are(similar)

* Very useful in determining visibility of adjacent parts

Next is depth coherence, which tells us that depth of adjacent parts of the same surface are
similar. There is not much change in depth at the adjacent parts of a surface. This
information, in turn, help us to determine visibility of adjacent parts of a surface without too

much computation.
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Frame Cohetence

points in time likely to be similar, despite small

changes in objects and viewpoint, except near the
edges of moving objects

* Visibility computations nced not be performed for

every scene rendered on the screen

Then frame coherence, which tells us that pictures of same scene at successive points in time
are likely to be similar despite small changes in objects and viewpoint except near the edges
of moving objects. That means visibility computations need not be performed for every scene

rendered on the screen. So frame coherence is related to scene change. Earlier coherence



properties were related to static images here we are talking of dynamic change in images and
based on this coherence property we can conclude that visibility can be determined without

computing it again and again for every scene.

So that is in short the six coherence properties. First five properties are related to static
images last property can be used for rendering animations, which anyway is not part of our
lectures here and the hidden surface removal methods make use of this properties to reduce

computations. Now let us go into the details of such methods.
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Bacli Fai Elimination

So we start with a simple method that is called back face elimination method.
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Back Face Elimination

* Simplest way of temoving a large number of hidden

surlaces for a scene consisting of polyhedrons

* Objective - detect and climinate surfaces that are on the

back side of objects wit.t viewer



What is this method? This is actually the simplest way of removing a large number of hidden
surfaces for a scene consisting of polyhedrons. So here, we are assuming each object is a
polyhedron, and using back face elimination, we can remove a large number of hidden
surfaces. The objective is to detect and eliminate surfaces that are on the backside of objects

with respect to viewer.

So when a surface is on the backside of an object with respect to a particular viewer clearly,
during rendering that back surface should not be shown. With back face elimination method,
we can detect on those back surfaces and then remove them from further consideration during

rendering.
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Back Face Elimination
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The steps are very simple for this particular method. So there are three steps. In the first step,
we determine a normal vector for each surface N represented in terms of its scalar quantities
a, b, c along the three-axis. | am assuming here that you all know how to calculate the normal
vector for a given surface, if not then you may refer to any book on vector algebra, basic
book; it is a very simple process and | will not discuss the details here.

Now, once the normal is decided we check for this Z component. If this Z component is less
than equal to 0, the scalar component, then we eliminate that particular surface because when
Z component is less than 0, the surface is back face, whereas when it is equal to 0 the viewing
vector actually grazes the surface. In that case, also, we consider it to be a back face.



Now, if c is greater than 0 then we retain the surface it is not the back face and we perform
these steps one and two for all the surfaces in a loop. So as you can see, it is a very simple
method we simply take one surface at a time, compute its surface normal and check the Z
component the scalar component of Z. If it is less than equal to O then we eliminate the

surface otherwise we retain it and we do it for all the surfaces.
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[lhustrative Example
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Let us consider one example. Suppose this is our object, it contain four surfaces ACB, ADB,
DCB, and ADC; four surfaces are there. So for each of these surfaces, we perform the back
face elimination method. For each of these surface, we calculate the Z component of the

surface normal as mentioned in the previous steps.
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Let us do it for the surfaces. For ACB, the z component of the normal is -12, so it is less than

equal to 0. So ACB is not visible as you can see from this side ACB is on the backside of the

surface.
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Tlustrative Example
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For ADB, DCB, and ADC the z components of normal are -4, 4, and 2, respectively. So we
can see that for DCB and ADC the z component is greater than 0, so these are visible
surfaces. But for ADB, it is less than 0 again so it is not a visible surface. So that is the simple

way of doing it.
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Note

* Back face climination works on suefaces - an

object space method

. VRN
* Using this simple method, :1l)<>ul|@w)( the surfaces
1n 2 scene can be eliminated

And you should note here that we are dealing with 3D description of the objects in the view
coordinate system, so it works on surfaces, therefore it is an object space method. In practice,
using this very simple method, we can eliminate about half of all the surfaces in a scene

without any further complicated calculations.
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Note

* [Towever, the method does not consider
obscurtng of a surface by other objects in the

SCene

* For such situations, we need to apply other
algorithms (in conjunction with this method)

However, there is a problem with this method. This method does not consider obscuring of a
surface by other objects in the scene. So what we did? We essentially eliminated back faces
of an object. Now here, the back face are obscured by surface of the same object. If a surface

is not a back face but it is obscured by surface of some other object then those surfaces



cannot be determined or detected using the back face elimination method and we require

some other algorithms.

However, those other algorithms are useful for detection of a surface that is obscured by other
object surfaces and we can use those algorithms in conjunction with this method.
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Depth (Z) Buffer Algo

Let us discuss one of those methods that is depth buffer algorithm or also known as Z-buffer

algorithm.
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Depth(Z) Buter Algorithm

* An image space method - comparisons done at
the pixel level



Now, this algorithm is an image space method. That means here we perform comparisons at
the pixel level. So we assume here that already the surfaces are projected on the pixel grid

and then we are comparing the distance of the surface from the viewer position.
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Depth(Z) Butfer Algotithm

* We assume an extra storage, depth-buffer (z-buffer) -
size same as frame buffer (1.e., one storage for each ‘

pixel)

Earlier, we mentioned that after projection the depth information is lost. However, we require
the depth information here to compare the distance of the surface from a viewer. So we store
that depth information even after projection and we assume an extra storage, which has this
depth information, which is called depth buffer or Z-buffer. Here, the size of this buffer is

same as the frame buffer. That means there is one storage for each pixel in this buffer.

(Refer Slide Time: 31:12)

Depth(Z) Buffer Algotithm

* We also assume canonical volumes - depth of any

point can’t exceed normaltzed range

* Can fix depth-buffer size (number of bits per pixel)



Another assumption we make that is we are dealing with canonical volumes. Depth of any
point cannot exceed normalized range. So we already have a normalized range of the volume
and the depth cannot exceed that range that we are assuming. If we assume that then we
actually can fix the depth buffer size or number of bits per pixels. Otherwise, if we allow
unrestricted depth then we do not know how many bits to keep and that may create

implementation issues. So we go for some standardized considerations.
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Depth(Z) Bufter Algotithm
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Now, this is the algorithm, the depth buffer algorithm shown here. Input is the depth buffer
which is initialized to 1; then we have the frame buffer, which is initialized to the background
color; list of surfaces and list of projected points for each surface; so all these are input. And
output is this depth buffer and frame buffer with appropriate values. That means depth buffer
value will keep on changing and frame buffer will contain the final values at the end of the

algorithm.

So what we do? For each surface in this surface list, we perform some steps. Now, for each
surface, we have the projected pixel positions. So for each projected pixel position of the
surface i, j starting from the top-left most projected pixel position, what we do? We calculate
the depth denoted by d of the projected point on the surface and then compare it with already

stored depth of that point.

If d is less than what is already stored in the depth buffer at the corresponding location then
we update this depth buffer information and then we update the frame buffer information

with the color of the particular surface and this we continue for all the pixels for that



projected surface and we do it for all the surfaces. Now the crucial stage here is calculation of

the depth, how do we do that?
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[terative Depth Calculation

* Step 5 - depth calculation

* Can de itcmtivcly

We can do that iteratively. Let us see how.
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Iterattve Depth Calculation
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Consider this scenario here. This is an illustrative way to understand this iterative method.
We are considering this triangular surface, which after projection look something like this.
Now, the surface equation we know which we can represent as ax + by + cz + d = 0. Again, if
you are not familiar with this, you may refer to basic textbooks on vectors and planes.



Now given this surface equation, we can find out this z values in terms of a b ¢ as shown
here. And z value is the depth of that particular point so this is the depth of any point on the
surface. Now, we are assuming canonical view volume. That means all projections are
parallel projections. So the projection is a simple one, if a point is X, y, z then after projection,

it becomes X, y we drop the z component. So that is our assumption.
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Iterative Depth Calculation
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Now let us consider one projected pixel i, j of the particular surface. So x is i, y is j. Now,
depth of the original surface point z is then given by this expression where we replace x and y

withiand ja, b, ¢, and d are constants.
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Now, as we progress along the same scan line, say consider this point and this point. The next
pixel is at i+1, and j. Now, the depth of the corresponding surface point at the next pixel
location is given by this expression where we replace i with i+1. After expanding and

rearranging, we can get this form.

Now this part, we already know to be the depth of the point i, j. So we can simply say z’
depth is (z- a/c), and here you can see this is a constant term. So for successive points, we can
compute depth by simply subtracting a constant term from the previous depth that is the

iterative method.
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[tetative Depth Calculation
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So that is along a scan line. What happens across scan lines? A similar iterative method we
can formulate. Now, let us assume the point x, y on an edge of a projected surface say, here.
Now in the next scan line, x becomes (x- 1/m) in this case, and the y value becomes y minus

1; m is the slope of the edge line.
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Iterattve Depth Calculation

* Depth (z) becomes [
A | '; —N—locfrosl gan Ine
, -Uh-'”',l-h('l'-“-d > For e wurfce
|( i c ) —%W—yﬂw.mlm
L 1+ {1}t scan ing
PILALE 4 '.
»_‘;_4._7';_
* Rearranging, we L
g " gCt ,'" 1 x=1
TEE "\-
/’\_ ‘- b &/

Then we can compute new depth at this new point as shown here and if we expand and
rearrange what we will get? This new depth in terms of the previous depth and a constant
term. So again, we see that across scan lines, we can compute depth at the edges by adding a
constant term to the previous depth, and then along scan line, we can continue by subtracting

a constant term from the previous depth.

So this is the iterative way of computing depth and this method we follow in the Z-buffer
algorithm to compute depth at a given point. Let us try to understand this algorithm with an

illustrative example.
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| Example

Assume two t@gulaLurfaes sland 2 Y 1
in view volume. §1 vertices are [@Q 6 .
I o0 0smmiom i w0,

(4,4,0)]. Assuming parallel projection (due
to CVV transformation), projected
vertices of s1 on view plane are [(0,0),
(6,0), (0,6)] (simply drop 3). Similaly, for
12, the projected vertices are [(2,0), (6,0),
(4 -




Let us assume there are two triangular surfaces sl and s2. Clearly, they are in the view
volume. Now, vertices of sl are given as these three vertices, s2 is also given as these three
vertices. As before we are assuming parallel projection due to canonical view volume
transformation and also, we can derive projection points or the projected vertices of s1 and s2
on the view plane to be denoted by this vertices shown here, which essentially, we can obtain

by simply dropping the z component. Now, this is the situation shown in this figure.
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Example

* Let’s follow algorithm to determine i
color of (3,1) - assume ¢l and ¢l2 6!
colors of il ,md 2 and( f}ﬁl)‘lckgmund
C()l()f

¢ lmtmll\ , depth-buffer v 1”11
(@and trfun_BTLrnI_ IB[)HI]"]‘J-Q/ X
00 2 5

* Process suefaces one at Pyt an in the 1)

order s1 followed by \2 \

Now, we are given a point (3, 1) and we want to determine the color at this point. Note that
this point is part of both the surfaces, so which surface color it should get, we can determine

using the algorithm. Now let us assume that cl and cl2 are the colors of s1 and sz and by is the

background color.

Now, initially, the depth buffer values are set at a very high value and frame buffer values are
said to be background color, and then we follow the algorithm steps, we process the surfaces

one at a time in the order s; followed by s».
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Example

* $1 surface equation x + y + = 6 =() y
SR 6
* Determine depth of leftmost projected

surface pixel on the topmost scan line

N | 44),

* Pixel ss (0,6) with a depth of
=10=16~(=6) _
o= =10}
9 | \/

00 2 ~ 6

Now let us start with si, what happens? From the given vertices, we can determine the s;
surface equation to be x+y+z-6=0. Then we determine the depth of the left-most projected

surface pixel on the topmost scan line that is pixel (0, 6) here, which is z to be 0.
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Example

* This 1s the only point on the topmost
scan ling - we move to the next scan line
below (=5

* Using iterative method, we determine
depth of lefimost projected pixel on
this scan line (05) to be @= path

{

g Or@’(m_*@, Xt jt+e=06=0)

Now, this is the only point on the topmost scan line as you can see in the figure, then we
move to the next scan line below that is y=5. And in this way using iterative method, we
determine the depth of the left-most projected pixel on this scan line to be, using this

expression to be 1 because here m is very high, infinity. And thus, surface equation is this.
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Example

* The algorithm next computes depth J
| and determines color along y = 5 till
right edge.

* At thar point, it goes to the next sean ling
down ()= 4)

* For brevity, we skip these steps and go

00 2 \ 6
o)

to = 1, a5 our point of interest 15 (3,1)

Then the algorithm proceeds to the computation of depth and color determination along y= 5
till the right edge. At that point, it goes to the next scan line down that is y=4 here. Now, we
can skip all these steps and we can go directly to y=1, this line on which the point of interest

lies.
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Example

* Following iterative procedure across scan Y
lines, we compute depth of left most point
(O)yas =35

* We now move along the line to (3,1) and
calculate (iteratively) z = 2

e W O O

* This depth value less than, DB[.%H'ID\\-’luch
Vo ————— TS
160

* Hence, we set DB[3|[1|=2and FBR|[1)= &

il

Now, following this iterative procedure that we have outlined earlier across scan lines, we
compute first the depth of the left-most point here as z=5. We skip those steps, you can do the
calculations on your own and find out. Then we move along this scan line when this
direction. So we go to the next point here, then here, and so on up to this point, (3, 1), and

calculate that at this point z is 2.



Now, this depth value is less than already stored value which is infinity. So we set this value
at the corresponding depth buffer location and then reset the frame buffer value from

background to the color of surface 1.
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Example

* We continue 1n this way for all the '
! " 6 )
points for s1

* Next, we do similarly for s2

(complete calculation yourself
as exercise)

Then our processing continuous for all points, but those are of not much relevance here
because we are concerned only with this point, so we will skip those processing. So once the
processing completes for s; for all the projected points, we go to s> and we perform similar
iterative steps. And then, we find out the color at that particular point for s, and then perform

comparison and assign the color.

So we skip here all the other calculations and it is left as an exercise for you to complete the

calculations. So that is the idea behind depth buffer algorithm or the Z-buffer algorithm.
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Note

* With depth-buffer, a pixel can have énly 0@

o

surface color e

* From any given viewing position, only one surface s

visible

* Alripht if we are dealing \»-'itl‘@l@tﬂ‘urﬁlces only

Now one point is there. With this particular algorithm, a pixel can have one surface color. So
given multiple surfaces, a pixel at a time can have only one of those surface colors. From any
given viewing position, that means only one surface is visible. So this situation is acceptable

if we are dealing with opaque surfaces.
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Note

* If scene contains@nspar@surfaces, pixel color 15
combination of surface color | contributions from surfaces |

behind o

* In depth-buffer method, we have only one location to store depth

value for cach pusel

* Can't store all sufaces contributing to the color value

If the surfaces are not opaque, if they are transparent then definitely, we get to see multiple
surfaces which is not possible with this particular depth buffer algorithm. In case of
transparent surfaces, pixel color is a combination of the surface color plus contribution from

surfaces behind, and our depth buffer will not work in that case because we have only one



location to store the depth value for each pixel. So we cannot store all surface contributions to

the color value.
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Note

* The A-buffer method developed to overcome
this limitation (refer to reading matertal at the end)

There is another method called A-buffer method which can be used to overcome this
particular limitation. We will not go into the details of this method, you may refer to the

material, reading material. So that is, in short, what we can do with depth buffer method.

So to recap, today we learned about basic idea of hidden surface removal. We learned about
different properties that can be utilized to reduce computations. Then we learned about two
broad class of hidden surface removal algorithms, one is the object space method, one is the
image space method. We learned about one object space method that is the back face
elimination method, and we also learned about one image space method that is the depth

buffer algorithm or Z-buffer algorithm.
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Book

* Bhattacharya, S. (December, 2015). Computer Graphics, Oxford University
Press

* ISBN-13: 978-0-19-809619-1
¢ ISBN-10: 0-19-809619-4

Chapter 8, Sec 8.1-8.4 (also may check 8.5
for an Intro to A-Buffer Algo)

Whatever we have discussed today can be found in this book, you may refer to Chapter 8,
sections 8.1 to 8.4. And if you want to learn more about A-buffer algorithm then you may

also check section 8.5. That is all for today. Thank you and goodbye.



