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As a further exercise, we will go through the so-called graphic pipeline. Some exercises are unfortunately repetitive, but solving them
should give you a better understanding of every step of the pipeline.

EXERCISE 1: VIEWPORT TRANSFORMATION

(a) What values can the input coordinates take? How is this space called?

(b) What values can the output coordinates take? How is this space called?

(c) The viewport transformation is the product of the concatenation of two transformations. Name them and describe their role in
the viewport transformation.

(d) Write the matrices of the transformations in (c). Define their parameters.

(e) Write the matrix Mv p of a generic viewport transformation.

EXERCISE 2: ORTHOGRAPHIC TRANSFORMATION

(a) What values can the input coordinates take? How is this space called?

(b) What values can the output coordinates take? How is this space called?

(c) The orthographic transformation is the product of the concatenation of two transformations. Name them and describe their
role in the orthographic transformation.

(d) Write the matrices of the transformations in (c). Define their parameters.

(e) Write the matrix Mor tho of a generic viewport transformation.

EXERCISE 3: PROJECTION TRANSFORMATION

An observer is positioned at the origin and looks along the negative z-axis.

(a) If the view plane is at distance n from the observer, how is the y coordinate of an object placed at distance z from the observer
transformed? And the x coordinate?

(b) What other parameter do we have to introduce in order to transform also the z coordinate?

(c) How is the z coordinate transformed? Which points are left identical by the transformation?

(d) Why it is not possible to write the projection transformation as an affine transformation (e.g., the viewport or the orthographic
transformation)? How do we solve this problem?

(e) Write the matrix P of a generic projection transformation.

(f) If the result of the transformation is


xp
yp
zp
α

, how do we write it in the affine form (i.e. in the same form as the results of the other

transformations)?

EXERCISE 4: CAMERA TRANSFORMATION

(a) To compute the camera transformation, you need to introduce one position and two vectors. Name them and explain their
real-world meaning.

(b) From the answer to the previous point you can define a right-handed co-ordinate system. Write down the basis of it (i.e. list the
vector of the basis).

(c) The camera transformation is the product of the concatenation of two transformations. Name them and describe their role in
the camera transformation.

(d) Write the matrices of the transformations in (c). Define their parameters.

(e) Write the matrix Mcam of a generic viewport transformation.

EXERCISE 5: THE GRAPHICS PIPELINE

Concatenate all the transformations to completely fill out the graphics pipeline in the right order and write down the result. Apply it to

a generic vector


x
y
z
1

.


