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COURSE SYLLABUS & MAPPING 

════════════════════════════════════════════════════════ 

[ UNIT I SYLLABUS — PRESCRIBED UNIVERSITY CURRICULUM ] 

This section contains the official syllabus for Unit I. Verify with your university curriculum mapping. 
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Unit I - Fundamentals of Computer Graphics: Introduction to Computer Graphics, Transformations: 2D and 
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Cohen-Sutherland Line Clipping, Lighting Basics: Ambient, Diffuse, and Specular reflection models; Shading 

Algorithms: Phong Shading and Gauraud shading. Color Models (RGB, CMY, HSV) • Course Code: ____________________       • Semester / Year: ____________________ 
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1.1  Introduction to Computer Graphics 

Definition: Computer Graphics 

Computer Graphics is the sub-field of Computer Science concerned with digitally synthesizing, 

manipulating, animating, and rendering visual image and geometric data onto 2D display devices. It 

encompasses hardware display architectures, geometric modeling, mathematical transformations, 

lighting physics, and rasterization algorithms. 

 

The Standard 3D Graphics Rendering Pipeline 

The modern 3D graphics pipeline converts 3D mathematical geometric representations into a 2D 

rasterized pixel grid on a screen through sequential stages: 

THE 3D REAL-TIME GRAPHICS RENDERING PIPELINE 

  +---------------------+ 
  | 3D Model Geometry   | --> Vertex coordinates in Model Space (Local Coordinates) 
  +---------------------+ 
             | 
             v  [Model Transformation Matrix (Translation, Rotation, Scale)] 
  +---------------------+ 
  | World Space         | --> Scene assembly of multiple 3D objects 
  +---------------------+ 
             | 
             v  [View / Camera Transformation Matrix] 
  +---------------------+ 
  | View / Eye Space    | --> World aligned with Virtual Camera position & orientation 
  +---------------------+ 
             | 
             v  [Projection Transformation (Perspective / Orthographic)] 
  +---------------------+ 
  | Clip Space / Frustum| --> Normalized Device Coordinates (NDC) [-1, 1]^3 & Clipping 
  +---------------------+ 
             | 
             v  [Rasterization & Fragment / Pixel Shading (Gouraud / Phong)] 
  +-------------------------------------------------------------+ 
  | 2D FRAMEBUFFER DISPLAY (Screen Pixels with Color & Depth)   | 
  +-------------------------------------------------------------+ 

Figure: Geometric and pixel-processing stages of modern graphics engines (OpenGL, DirectX, Vulkan) 

 

1.2  2D and 3D Geometric Transformations 

Homogeneous Coordinates & Matrix Representation 

To represent affine geometric transformations (translation, rotation, scaling, shearing) as uniform 

matrix multiplications rather than a mix of additions and multiplications, a dummy coordinate w=1 is 
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added. A 2D point (x, y) becomes [x, y, 1]^T in 3D homogeneous coordinates. A 3D point (x, y, z) becomes 

[x, y, z, 1]^T in 4D homogeneous coordinates. 

 

1. 2D Transformations (Homogeneous 3×3 Matrices) ▪ • 2D Translation: Displaces a point by vector (t_x, t_y): x' = x + t_x, y' = y + t_y. 

T(t_x, t_y) = [[1, 0, t_x], [0, 1, t_y], [0, 0, 1]] ▪ • 2D Scaling: Scales coordinates relative to origin by factors (s_x, s_y): x' = x × s_x, y' = y × s_y. 

S(s_x, s_y) = [[s_x, 0, 0], [0, s_y, 0], [0, 0, 1]] ▪ • 2D Rotation: Rotates a point counterclockwise about the origin by angle θ: x' = x cosθ - y sinθ, y' = x sinθ + y cosθ. 
R(θ) = [[cosθ, -sinθ, 0], [sinθ, cosθ, 0], [0, 0, 1]] ▪ • 2D Shearing: Deforms shape along X-axis (sh_x) or Y-axis (sh_y): 

Sh_x(sh_x) = [[1, sh_x, 0], [0, 1, 0], [0, 0, 1]],   Sh_y(sh_y) = [[1, 0, 0], [sh_y, 1, 0], [0, 0, 1]] ▪ • 2D Composite Rotation about an Arbitrary Pivot Point (x_r, y_r):  

M = T(x_r, y_r) × R(θ) × T(-x_r, -y_r) 

 

2. 3D Transformations (Homogeneous 4×4 Matrices) ▪ • 3D Translation: T(t_x, t_y, t_z) = [[1, 0, 0, t_x], [0, 1, 0, t_y], [0, 0, 1, t_z], [0, 0, 0, 1]] ▪ • 3D Scaling: S(s_x, s_y, s_z) = [[s_x, 0, 0, 0], [0, s_y, 0, 0], [0, 0, s_z, 0], [0, 0, 0, 1]] ▪ • 3D Rotation about Principal Axes:  – • Rotation about Z-Axis: R_z(θ) = [[cosθ, -sinθ, 0, 0], [sinθ, cosθ, 0, 0], [0, 0, 1, 0], [0, 0, 0, 1]] – • Rotation about X-Axis: R_x(θ) = [[1, 0, 0, 0], [0, cosθ, -sinθ, 0], [0, sinθ, cosθ, 0], [0, 0, 0, 1]] – • Rotation about Y-Axis: R_y(θ) = [[cosθ, 0, sinθ, 0], [0, 1, 0, 0], [-sinθ, 0, cosθ, 0], [0, 0, 0, 1]] 

 

1.3  Projection Systems: Orthographic vs. Perspective 

Definition: 3D to 2D Projection 

Projection is a mathematical mapping that transforms points from a 3-dimensional space (x, y, z) onto 

a 2-dimensional planar projection surface (view plane), establishing the synthetic camera model in 

computer graphics. 
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Comparison 

Parameter 
Orthographic (Parallel) Projection Perspective Projection 

Projectors / Rays 

of Light 

All projection rays are parallel to each 

other and perpendicular to the view plane. 

All projection rays emanate from a single 

focal point (Center of Projection - COP). 

Foreshortening & 

Depth Cue 

No perspective foreshortening. Objects 

remain the exact same size regardless of 

distance Z. 

Realistic foreshortening: distant objects appear smaller (Size ∝ 1 / Z). 
Preservation of 

Parallelism 

Lines parallel in 3D physical space remain 

strictly parallel on the 2D projection plane. 

Parallel lines converge towards one or 

more Vanishing Points. 

Vanishing Points 
Zero vanishing points (vanishing point is 

at infinity). 

1-point, 2-point, or 3-point perspective 

based on how many axes intersect the 

view plane. 

Mathematical 

Formula 

x_p = x,   y_p = y   (simply dropping the Z-

coordinate). 

x_p = x × (d / z),   y_p = y × (d / z)   (where 

d is distance to view plane). 

Primary 

Applications 

Architectural CAD drawings, engineering 

blueprints, isometric 2D video games. 

3D AAA video games (FPS/RPG), realistic 

CGI animation, cinema, virtual reality. 

 

1.4  Cohen-Sutherland Line Clipping Algorithm 

Definition: Clipping in Computer Graphics 

Clipping is the computational procedure that identifies and extracts the portions of geometric 

primitives (points, lines, polygons) that lie strictly inside a defined 2D viewport window [x_wmin, 

x_wmax] × [y_wmin, y_wmax], discarding all exterior segments to optimize rasterization. 

 

The 4-Bit Region Outcode Structure 

The Cohen-Sutherland algorithm divides 2D space into 9 rectangular regions relative to the clipping 

window. Every point P(x,y) is assigned a 4-bit binary region code [Bit 4 (Top), Bit 3 (Bottom), Bit 2 

(Right), Bit 1 (Left)]: 

THE 9-REGION COHEN-SUTHERLAND OUTCODE GRID 

       1001 (Top-Left)   |   1000 (Top)   |   1010 (Top-Right) 
     --------------------+----------------+--------------------- y_wmax 
       0001 (Left)       |   0000 (INSIDE |   0010 (Right) 
                         |    VIEWPORT)   | 
     --------------------+----------------+--------------------- y_wmin 
       0101 (Bottom-Left)|   0100 (Bottom)|   0110 (Bottom-Right) 
                         x_wmin           x_wmax 
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Figure: 4-bit Outcode schema: Bit 1 (Left: x < x_wmin), Bit 2 (Right: x > x_wmax), Bit 3 (Bottom: y < y_wmin), Bit 4 

(Top: y > y_wmax) 

 

The 3-Step Algorithmic Decision Flow ▪ 1. Trivial Acceptance Test: If Outcode(P_1) = 0000 AND Outcode(P_2) = 0000, both endpoints lie 

entirely inside the clipping window. The entire line segment is unconditionally accepted. ▪ 2. Trivial Rejection Test: If Outcode(P_1) BITWISE-AND Outcode(P_2) ≠ 0000, both endpoints lie 
entirely on the same exterior side of the window (e.g., both above Top edge). The line segment is 

completely rejected. ▪ 3. Intersection Calculation & Sub-division: If neither trivial test passes, pick an endpoint lying outside the window (outcode ≠ 0000), identify the crossed boundary, and calculate the intersection 
point (x, y) using line slope m = (y_2 - y_1) / (x_2 - x_1): – • Left Boundary (x = x_wmin): y = y_1 + m × (x_wmin - x_1) – • Right Boundary (x = x_wmax): y = y_1 + m × (x_wmax - x_1) – • Bottom Boundary (y = y_wmin): x = x_1 + (1/m) × (y_wmin - y_1) – • Top Boundary (y = y_wmax): x = x_1 + (1/m) × (y_wmax - y_1) 

Replace the exterior endpoint with the intersection point and repeat the loop until the remaining 

segment is trivially accepted or rejected. 

 

1.5  Lighting Basics: The Phong Illumination Model 

The Phong Reflection Model (Bui Tuong Phong, 1975) 

The Phong illumination model is an empirical approximation of real-world lighting physics that 

computes the total reflected light intensity I at a surface point as the linear superposition of three 

distinct components: Ambient Reflection, Diffuse Reflection, and Specular Reflection: 

I_total = I_ambient + I_diffuse + I_specular 

 

Detailed Mathematical Components of Phong Reflection ▪ 1. Ambient Reflection (I_ambient): Represents uniform background light scattered uniformly 

throughout the environment due to multiple indirect surface reflections. It illuminates all surfaces 

equally regardless of position or orientation: 

I_ambient = I_a × k_a where I_a is ambient light source intensity and k_a ∈ [0, 1] is the surface ambient reflection coefficient. 
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▪ 2. Diffuse Reflection (I_diffuse - Lambert's Cosine Law): Models ideal rough, matte, non-shiny 

surfaces (e.g., chalk, matte cloth). Light is scattered equally in all directions. Reflected intensity depends strictly on the angle θ between the unit surface normal vector N and unit light direction 
vector L: 

I_diffuse = I_d × k_d × cosθ = I_d × k_d × max(0, N • L) 

where I_d is point light intensity and k_d is diffuse reflection coefficient. ▪ 3. Specular Reflection (I_specular - Shiny Highlights): Models mirror-like reflections on smooth, 

polished surfaces (e.g., plastic, polished metal, glass), creating bright concentrated specular highlights. Governed by the angle α between the ideal unit reflection ray R and the unit viewer 
direction vector V: 

I_specular = I_s × k_s × (cosα)^n = I_s × k_s × max(0, R • V)^n where R = 2 (N • L) N - L, k_s is specular coefficient, and n is the Shininess Exponent (values range from 

1 [dull] to 1000+ [mirror polish]). ▪ • Complete Combined Phong Illumination Formula:  

I = I_a k_a + I_d k_d (N • L) + I_s k_s (R • V)^n 

 

1.6  Polygon Shading Algorithms: Flat vs. Gouraud vs. Phong 

Shading algorithms determine how the mathematical illumination model is evaluated across the interior 

pixels of rendered 3D polygon meshes: 

Shading 

Algorithm 
Core Computational 

Mechanism 
Visual Quality & Highlights 

Computational Cost 

& GPU Overhead 

Flat Shading 

(Constant 

Shading) 

Computes illumination 

once per polygon face 

using the single polygon 

face normal. All pixels in 

the polygon receive 

identical color. 

Faceted, blocky appearance 

(Mach Band effect visible at 

polygon edges); cannot render 

specular highlights on curved 

surfaces. 

Lowest computational 

cost; single lighting 

calculation per 

triangle. 

Gouraud Shading 

(Intensity 

Interpolation) 

Calculates vertex normals, 

evaluates Phong lighting at 

each polygon vertex, and 

bilinearly interpolates 

intensity colors across 

polygon pixels during 

scanline rasterization. 

Smooth curved surface 

appearance; eliminates faceted 

edges, but specular highlights 

are frequently missed or 

smeared if they fall in polygon 

interiors. 

Moderate 

computational cost; 

lighting evaluated 

only at vertices. 

Phong Shading 

(Normal Vector 

Interpolation) 

Bilinearly interpolates 

surface normal vectors 

across the polygon surface 

Highest visual realism; produces 

crisp, accurate circular specular 

highlights and handles non-

Highest 

computational cost; 

requires per-pixel 
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Shading 

Algorithm 
Core Computational 

Mechanism 
Visual Quality & Highlights 

Computational Cost 

& GPU Overhead 

for every pixel and 

evaluates the complete 

Phong lighting equation 

independently at every 

fragment. 

linear lighting gradients 

faithfully. 

normal normalization 

and per-pixel lighting 

calculations. 

 

1.7  Digital Color Models: RGB, CMY/CMYK, and HSV ▪ 1. RGB Color Model (Additive Color): Based on human trichromatic vision. Red, Green, and Blue 

light beams combine additively on black screens (R+G+B = White). Represented inside a 3D unit 

cube. Native format for computer monitors, digital phone displays, and GPU framebuffers. ▪ 2. CMY and CMYK Color Models (Subtractive Color): Based on light absorption of printing inks 

on white paper. Cyan absorbs Red, Magenta absorbs Green, Yellow absorbs Blue. [C, M, Y]^T = [1, 1, 

1]^T - [R, G, B]^T. In commercial 4-color offset printing, a dedicated Key (Black - K) channel is added 

to produce deep rich blacks. ▪ 3. HSV / HSI Color Model (Human Perceptual Space): Decouples chromatic information from luminance. Hue (H ∈ [0°, 360°]) represents dominant spectral tint; Saturation (S ∈ [0, 1]) represents color purity; Value/Intensity (V ∈ [0, 1]) represents perceived brightness. Standard for digital artist 
color pickers and game texture painting. 

 

1.8  High-Yield University Exam Question Bank & Model Answers 

Part A: Short Answer Questions (2–3 Marks) ▪ Q1. What are Homogeneous Coordinates? Why are they used in computer graphics 

transformations? 

Answer: Homogeneous coordinates represent an n-dimensional point in an (n+1)-dimensional space by 

adding a scaling dummy coordinate w (e.g., [x, y, 1]^T). They allow all affine transformations (translation, 

rotation, scaling, shearing) to be represented uniformly as matrix multiplications, enabling seamless 

chaining of composite transformation matrices. ▪ Q2. Differentiate between Orthographic and Perspective Projection. 

Answer: In Orthographic projection, projection rays are parallel, preserving physical dimensions and 

parallelism with zero foreshortening (used in CAD). In Perspective projection, rays converge at a single 

center of projection, causing distant objects to appear smaller and parallel lines to meet at vanishing 

points (used in realistic 3D games). ▪ Q3. State the Cohen-Sutherland Trivial Acceptance and Trivial Rejection conditions. 
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Answer: Trivial Acceptance occurs when both endpoint outcodes are 0000 (Outcode1 = 0000 AND 

Outcode2 = 0000), meaning the line lies entirely inside the window. Trivial Rejection occurs when the 

bitwise logical AND of both outcodes is non-zero (Outcode1 & Outcode2 ≠ 0000), meaning both 
endpoints lie on the same exterior side. ▪ Q4. Differentiate between Gouraud Shading and Phong Shading. 

Answer: Gouraud shading calculates lighting intensities at polygon vertices and bilinearly interpolates 

colors across the polygon surface. Phong shading bilinearly interpolates surface normal vectors across 

the polygon surface and computes the lighting model per pixel, producing accurate specular highlights. 

 

Part B: Long Answer Questions (8–10 Marks) ▪ Q5. Explain the Cohen-Sutherland Line Clipping Algorithm with the 9-region outcode 

diagram and mathematical intersection formulas. 

Model Answer Outline: ▪ 1. Definition and role of line clipping in the graphics rasterization pipeline. ▪ 2. The 4-bit region outcode scheme: Bit 1 (Left), Bit 2 (Right), Bit 3 (Bottom), Bit 4 (Top); sketch of 

the 9-region viewport grid. ▪ 3. Algorithmic logic: Step 1: Compute outcodes; Step 2: Test for Trivial Acceptance (both 0000); Step 3: Test for Trivial Rejection (bitwise AND ≠ 0); Step 4: Iterative boundary intersection calculation 
using slope m = (y_2 - y_1) / (x_2 - x_1). ▪ 4. Complete mathematical intersection equations for all 4 window boundaries (Left, Right, Top, 

Bottom). ▪ 5. Numerical walkthrough demonstrating clipping of an arbitrary line crossing viewport 

boundaries. 

 ▪ Q6. Describe the Phong Illumination Model. Derive the Ambient, Diffuse, and Specular 

reflection components with vector diagrams. 

Model Answer Outline: ▪ 1. Introduction: Physics of light reflection and empirical approximations. ▪ 2. Ambient Component: Uniform environmental scattering formula I_amb = I_a k_a. ▪ 3. Diffuse Component: Lambert's Cosine Law, derivation of I_diff = I_d k_d (N • L) with normal N and 
light vector L diagram. ▪ 4. Specular Component: Mirror highlights, reflection ray vector formula R = 2(N•L)N - L, viewer vector V, and shininess exponent n in I_spec = I_s k_s (R • V)^n. ▪ 5. Complete master formula combining all three components and light source attenuation. 
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1.9  Unit I Summary & Quick Revision Sheet 

Core Concept Key Theoretical & Mathematical Takeaways for Exams 

Transformations 
2D/3D Translation (T), Scaling (S), Rotation (R) represented as homogeneous matrices. Arbitrary point rotation: M = T(x_r,y_r) × R(θ) × T(-x_r,-y_r). 

Projections 
Orthographic (Parallel rays, no foreshortening, CAD) vs Perspective (Converging rays, realistic depth scaling Z ∝ 1/d, vanishing points). 

Cohen-Sutherland 
4-bit outcode [Top, Bottom, Right, Left]. Trivial accept: both 0000. Trivial reject: Out1 & Out2 ≠ 0. Boundary intersection via slope m. 

Phong Illumination 
I = I_a k_a + I_d k_d (N • L) + I_s k_s (R • V)^n. Ambient (global), Diffuse (Lambert 
matte), Specular (shiny highlights). 

Shading Methods 
Flat (1 color per face, blocky), Gouraud (interpolates vertex colors), Phong 

(interpolates vertex normals per pixel, realistic highlights). 
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