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Submission

Deadline : 23:59:59, Tuesday, May 23t, 2023 (KST, +0900)
- Github server clock

To submit your assignment, you do two things, Both of them must be done BEFORE deadline.

1. You should push your commit to your assignment repo before deadline.

2. You should comment the last commit (before deadline) id (SHA-1 hash) in github issue board. (See next
slide)

The last commit deadline will be considered as submitted assignment.

 Github server will track this for me.
« Timestamp in your commit (local time) will be ignored. (I will use github server timestamp instead)



Policy

In the following cases, your grade for this PA will be O

e Late submission (Late push before deadline or Late last
commit Id comment on issue board)

* Build/execution failure
« Making public of your assignment repository

Your final grade will be “F”
» Copy



Task Lists

1. Implement trackball camera [18 Points]
2. Lighting [10 Points]

3. Report [2 Points]

« Write your name, student id, github id in report.md [1 Points]
« Attach at least two result images in report.md [1 Points]




Trackball Camera

n_} Chsonghscriptshcpphopenglhtrackbalhbinytrackball.exe - O

_}P/ T
Sphere

Image Plane

http://www.songho.ca/openal/al camera.html https://www.researchgate.net/figure/A-virtual-trackball-can-be-thought-of-as-a-3D-sphere-
located-behind-the-screen-The fig2 8329656

The camera which is orbiting around virtual sphere.


http://www.songho.ca/opengl/gl_camera.html
https://www.researchgate.net/figure/A-virtual-trackball-can-be-thought-of-as-a-3D-sphere-located-behind-the-screen-The_fig2_8329656

Trackball Camera

How to implement
1. Project your cursors on the sphere

2. Compute rotation matrix with two vectors. (Projected cursor of current

and previous frame)

3. Apply the rotation matrix to your camera

You need to figure out how to do this.



Task — Trackball Camera

* Fix the lookat position to world origin
« Rotate your camera by dragging [12 Points]
* Dolly in and dolly out by scrolling [3 Points]
« Move your camera toward/backward to lookat direction.

« Zoom in and zoom out [3 Points]
« Use key callback to do this. “q" for zoom in, "w" for zoom out

2023-05-03



Hint 1. Rotation Between Two Vector

#include <glm/gtx/quaternion.hpp>

// reference

// http://www.opengl-tutorial.org/kr/intermediate-tutorials/tutorial-17-quaternions/

glm::quat RotationBetweenVectors(glm::vec3 start, glm::vec3 dest) {
start = glm::normalize(start);
dest = glm::normalize(dest);

float cosTheta = dot(start, dest);
glm::vec3 rotationAxis;

if (cosTheta < -1 + 0.001f) {
// special case when vectors in opposite directions:
// there is no "ideal" rotation axis

// So guess one; any will do as long as it's perpendicular to start

rotationAxis = cross(glm::vec3(0.0f, 0.0f, 1.0f), start);
if (glm::length2(rotationAxis) <
0.01) // bad luck, they were parallel, try again!
rotationAxis = cross(glm::vec3(1l.0ef, 0.0f, 0.0f), start);

rotationAxis = normalize(rotationAxis);
return glm::angleAxis(glm::radians(180.0f), rotationAxis);

}

rotationAxis = cross(start, dest);

float s = sqrt((1 + cosTheta) * 2);
float invs =1 / s;

return glm::quat(s * ©.5f,
rotationAxis.x * invs,
rotationAxis.y * invs,
rotationAxis.z * invs);

Rotation is usually represented with quaternion.
Understanding quaternion is out of scope.

But we can convert them into rotation matrix using
glm.

So use this like this

const glm::mat4 R =
glm: :toMat4(RotationBetweenVectors(vl,v2));



Hint 2. Dolly In/Out

« Translation of camera origin
. Move your camera toward/backward to lookat direction.

« |t affects to camera(view) matrix.

Dolly out! Dolly in!
<1'lllllllllllll IIIIIIIIIIIIII'> <;:;%i?i%§;i>

S S S
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Hint 3. Zoom In/Out

« Changing fov of camera
« It affects to projection matrix.

2023-05-03 10



Task - Lighting

 You should apply phong shading model (ambient/diffuse/specular) or

Gouraud shading option.

« Set one point light [5 Point] with on/off functionality.
ON, key “1"
« OFF key "2"

« Set one directional light [5 Point] with on/off functionality.
ON, key “3"
OFF, key "4"



Task - Lighting

Point light

2023-05-03

Directional light
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Commentin

Commit ID

¥ master ~ P 1branch  © 0 tags Go to file Add file ~ <> Code~

ychanu test1

doc

extern

src

.gitignore
.gitmodules
CMakelists.txt

README.md

(e o R e R o I

report.md

<> Code (3) Issues

2023-05-03

1

444ea6f 3 hours ago

Initial commit
Initial commit
test?

Initial commit
Initial commit
Initial commit
Initial commit

Initial commit

i9 Pullrequests () Actions [ Projects (O Security |~ Insights

¥ master ~
-~ Commits on Mar 6, 2023

testl

ychanu committed 3 hours ago

Initial commit

0 2 commits

4 hours ago
4 hours ago
3 hours ago
4 hours ago
4 hours ago
4 hours ago
4 hours ago

4 hours ago

* github-classroom[bot] committed 4 hours age

1. Go to your assignment repository
2. Click commits

3. Click copy button of your last commit

Verified 2 6ba387F <
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Commenting Commit ID

<> Code [O lssues 1 i1 Pullrequests (® Actions [ Projects @ Security  |* Insights

¥ master ~
o Commits on Mar 6, 2023

testl

[ 444ea6f %
ychanu committed 3 hours ago

Initial commit

Verified 2 6ba387F <>
* github-classroom[bot] committed 4 hours ago

Filters ~ = Q isiissue issopen @ Labels 9 2 Milestones 0 -

O (® 00pen + 1 Closed Author = Label = Projects = Milestones « Assignee « Sort

1. Go toissue tab

2. Click "New issue”

There aren’t any open issues.

You could search all of GitHub or try an advanced search.
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Commenting Commit ID

Final Submit

Write Preview HB I =2 & &:&=Zi=2=2@ @ «

MA4236f55b20b559dd59070a0e1fda0a2127e22e

Attach files by dragging & dropping, selecting or pasting them. [M4]
D Styling with Markdown is supported [ Submit new ]

@ Remember, contributions to this repository should follow our GitHub Community Guidelines,

1. Paste your lastest commit id (Ctrl-v)

2. Click "Submit new issue”

2023-05-03
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PA3 Link

1. Login to github

2. Go to following link https://classroom.github.com/a/CuwVrVip

3. Accept the assignment

2023-05-03
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Additional Materials for PA
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Additional Materials

If you are having difficulty with the programming assignments,
please check the materials as well:

« http://www.songho.ca/opengl/gl camera.html

 https://sungcheol-kim.gitbook.io/opengl-tutorial/chapter10

« https://cs.Imu.edu/~ray/notes/openglexamples/

2023-05-03
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https://tech.burt.pe.kr/opengl/opengl-tutorial
http://www.songho.ca/opengl/gl_camera.html
https://sungcheol-kim.gitbook.io/opengl-tutorial/chapter10
https://cs.lmu.edu/~ray/notes/openglexamples/

Additional Materials

OpenGL Camera

Under Construction...
Related Topics: OpenGL Transform, OpenGL Projection Matrix, Quaternion to Rotation Matrix
Download: CrbitCamera zip, trackball zip

« Qverview

« Camera | ookAt

« Camera Rotation (Pitch, Yaw Roll)
+ Camera Shifting

« Camera Forwarding

« Example: Orbit Camera

» Example: Trackball

Overview
OpenGL doesn't explicitly define neither camera object +Y
nor a specific matrix for camera transformation. Instead,

OpenGL transforms the entire scene (including the

camera) inversely to a space, where a fixed camera is

at the origin (0,0,0) and always looking along -Z axis. —

This space is called eye space.

Because of this, OpenGL uses a single
GL_MODELVIEW matrix for both object transformation .|-Z
to world space and camera (view) fransformation to eye

space. *‘k

You may break it down into 2 logical sub matrices;
M odeview = Myiew * Myodel

OpenGL camera is always at origin and facing to -Z in eye space

That is, each object in a scene is transformed with its own M, ,q4e first, then the entire scene is transformed
reversely with M,;z,,. In this page, we will discuss only M,;.,, for camera transformation in OpenGL.

2023-05-03

Screenshot from http://www.songho.ca/opengl/gl camera.html

LookAt
gluLockAt() is used to construct a viewing matrix where a camera is located at the eye position ("rw Ye- w) and

looking at (or rotating to) the target point(-”’l-a Y, %) The eye position and target are defined in world space.
This section describes how to implement the viewing matrix equivalent to gluLookAt().

Camera's lookAt transformation consists of 2 transformations; translating the whole scene inversely from the
eye position to the origin (My), and then rotating the scene with reverse orientation (Mg), so the camera is

positioned at the origin and facing to the -Z axis.

o T4 Ty 0 1 0 0 fd-_ o Ty rs f'fo + '!‘.1?;,, + 'I'gi;
rv rs ro 0 0 1 0 Ly re s Ty rily + rsty + rat.
-Ll{\'iew = .-'”HJU'r == =
re T TiIo 0 0 0 1 t_—: T2 s T ?"zt,. + ?"|',f.” + F‘||]f2
0 0 0 1 o0 0 1 0 0 0 1
Suppose a camera is located at (2, 0, 3) and looking at Rasition (-05, 0.0, -0 7)
(0, 0, 0) in world space. In order to construct the viewing Rotation. (0.0, 0.0, 0.0)
matrix for this case, we need to translate the world to
(-2, 0, -3) and rotate it about -33.7 degree along Y-axis.
As a result, the virtual camera becomes facing to -Z axis
at the origin.
The translation part of lookAt is easy. You simply move \
the camera position to the crigin. The translation matrix / o
My would be (replacing the 4th coloumn with the = ) ‘
negated eye position); \
1 0 0 —=x N
01 0 -y
M- = OpenGL camera's lookAt() transformation
00 1 —z
00 0 1
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http://www.songho.ca/opengl/gl_camera.html

Additional Materials

ol
rE

2 ( Ambient Light )

Ambient Light

Diffuse Light

2023-05-03

Screenshot from https://sungcheol-kim.gitbook.io/opengl-tutorial/chapter10

=3 77|

OpenGL MM == ArEoteiE L2

Zt0| glEnable() =& 0| 3}l A

glEnable( GL_LIGHTING ); //ZHE AREZE Zi0|CtH.
glEnable( GL_LIGHT® ); //=T = o H ZWE AEE 210ICH

gllightfv( GL_LIGHT®, GL_AMBIENT, AmbientlLightValue ):
gllightfv( GL_LIGHT®, GL_DIFFUSE,
ightfv( GL_LIGHT®, GL_SPECULAR,
gllightfv( GL_LIGHT®, GL_POSTION,

glL

DiffuseLightValue )}
SpecularLightValue ) ;

PotionLightValue };

UM AHEohs Ze E IS ofAM E F2FE & UCh

GLfloat AmbientLightValue[] =
GLfloat DiffuselLightValue[] =
GLfloat SpecularLightValue[] =
GLfloat PositionLightValue[] =

U N HHT 45 YN TS
2

=

GL_AMBIENT (0.6, 0.8, 0.8, 1.8)
GL_DIFFUSE (1.8, 1.8, 1.6,
GL_SPECULAR (1.8, 1.6, 1.0,
GL_POSITION (€.8, 6.6, 1.0,

GL_SPOT_CUTOFF 18@.0 //Spot ZH 2|

7RSI T B ABT 4 2SS OpenGL O A= 21200 520f

L C
9
£ JHEICH CHE 7|2 €32t 9/=0 0| 212 213 0| E2| OpenGL Programming Guide A 0| EE & 1512 HF2HCH

6.3f, ©.3f, 0.3f, 1.6f }:

6.7f, 8.7f, 0.7f, 1.6f }:

1.0, 1.0f, 1.6f, 1.6f };
0.0f, 0.0f, 1.6f, 0.67 };

bient ZH2| I S&d}

/Diffuse =HO| J|Z &g}

/Specular THZ J|E &3
/2= AL 2= £
Cutoff 2|2 <&}

Z0| 2tE & JEf Ha-5 ON S{F 0Lt

0

f/Ambient EMe| HES HHEIC},
iffuse =W HEE é’“orct
.-"<|:ecu1.ar xnao| ddz Eagd-

Bo| AR (2E)E LFEML
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Additional Materials

Screenshot from https://cs.Imu.edu/~ray/notes/openglexamples/

Lit Solids

e Displays a static picture of three cyan solids lit by a single

yellow light source. ~ M ™ Cyan shapes in Yellow Light

e Shows that lighting, like depth buffering, is something that
must be enabled.

e Uses ambient, diffuse and specular parameters for lighting. k

e Uses adirectional light source, as opposed to a point light ! .
source. .'

o |llustrates three of the GLUT easy shape functions.

e [Each objectis independently moved into the viewing
volume, showing the importance of glPushMatrix and

glPopMatrix.

[ litsolids.cpp |

ogram shows three cyan objects illuminated with a single yellow

ght source. It illustrates several of the Lighting parameters.

#ifdef APPLE CC

2023-05-03 21


https://cs.lmu.edu/~ray/notes/openglexamples/

