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Assignment 2 – due 4/20/2017 at 11:59 PM 

Topic: Lighting, Shading, and GLSL 
 

Students should use JavaScript and GLSL for this assignment, building on top of the provided starter code 

found on the course webpage. We recommend using the Chrome browser for debugging purposes (using the 

console). Other browsers might work too, but will not be supported by the teaching staff in labs, piazza, and 

office hours. Students may use the computers in Packard 001, or their own laptops, and desktops.  

Homeworks can be submitted individually or in teams of two. Make sure you acknowledge your team 

members when submitting on Gradescope. You can change your teams throughout the term.  Teams will 

share a computer and hardware (later on in the course) in the lab. 

Please document all your answers, plots, and insights in a single pdf file containing all requested results. 

When you are ready to submit drag the entire homework folder into the browser with the render.html file 

loaded and running. This will zip up the relevant files for submission and place a zip file in the homework 

directory. Submit the zip file to Gradescope. Do not modify the submit.js file or you risk not submitting 

all required files. 

 

Introduction 

When you first load up the starter code for this week’s homework, you will see 5 dimly lit teapots appear in 

front of you, as in Figure 1. They seem pretty bland and unrealistic. Well, that’s because we haven’t modeled 

the lighting yet. This is the point of this homework! Accurately modeling light interactions with materials can 

be complicated but there isn’t much time to do it. Remember that a key part of VR/AR is keeping latency to a 

minimum. Therefore, we approximate the lighting calculation in ways to make them computationally efficient 

while still looking (somewhat) realistic. For this purpose, we use the Phong lighting model in this homework. 

You will be implementing this lighting model in various ways using GLSL shaders. By the end of the 

assignment you will have created a scene that looks like Figure 2.  

 

 

We first need to approximate the light source itself. We typically want to abstract away wavelength and global 

Figure 1. Teapots in starter code (only ambient light) Figure 2. Teapots with lighting models from the 
homework 

https://stanford.edu/class/ee267/
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illumination. In this homework, we will model light as either a point source (e.g., small lightbulb) or a 

directional light source (e.g., sun), which will be defined by their position or direction, respectively, and color.  

In the starter code, a new point source is added with each click of the Add Point Light button and will appear 

as a new element in the pointLights struct array uniform variable in the shaders. You will need to access 

these structs when doing your computations. Keep in mind to use the preprocessor directive to make sure 

you aren’t indexing into some element when the array is of length 0. You can add multiple light sources. You 

can move the light sources by clicking the Point Light Control button and dragging your mouse.  

Remember that the color we perceive depends on both the light and the material the light bounces off of. 

Therefore, we must also define the material properties. These material properties are model dependent, and 

you may have many different materials in a single scene. Material properties are passed to the shaders as 

uniform variables: ambient, diffuse, specular, and shininess parameters for each color channel. You will need 

these attributes for your computations. 

GLSL supports many built in functions that you might find useful for this assignment like dot(), to compute a 

dot product,  and reflect(), which computes the reflection of an incident ray off a surface with a normal. You 

can find all of the GLSL functions with short explanations here.  

 

Task 1: Gouraud Shading Model (10 points) 

You will first implement Gouraud shading, which implements per-vertex lighting (in the vertex shader) and 

then lets the rasterizer interpolate the resulting colors to each fragment inside the primitives (i.e., triangles).  

A) Diffuse Term (10 points) 

i) (8 points) 

Your first task will be to extend ambient lighting by the diffuse term in vShaderGouraudDiffuse.js and 

fShaderGouraudDiffuse.js. Your changes to these shaders will appear on the 2nd teapot from the left. The 

light sources in the scene appear in the pointLights array of structs. For this task, assume only a single light 

source exists. Therefore, use the light source at the 0th index of the array. 

In the shaders, extend the ambient shading calculation by the diffuse term. Note that you will need the 

surface normal (in model space) at the current vertex to do this calculation, which corresponds to the normal 

uniform in the provided vertex shader.  

All computations should be performed in the view coordinate system, such that the camera is in the origin 

looking into the negative z direction. That means, you need to transform the normal into the view coordinate 

system by multiplying it by the Normal matrix. 

ii) (2 points) 

Add a user-defined distance attenuation factors. Specifically, implement and compare the distance falloff 

(kc=2, kl=0, kq=0.001) with the constant attenuation (kc=2, kl=0, kq=0). For this purpose, you need to compute 

the distance between light source and vertex and calculate the appropriate distance falloff term for the 

lighting. In Teapot.js, the attenuation factors are defined as THREE.Vector3(kc = 2, kl = 0, kq = 0). 

Compare the difference and make a comment on the pdf file. Use the parameters (kc=2, kl=0, kq=0.001) 

for the rest of the implementations (Gouraud & Phong shading with point light sources, but NOT for 

directional light sources).  

 

 

https://www.khronos.org/files/webgl/webgl-reference-card-1_0.pdf
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B) Specular Term (5 points) 

Diffuse lighting is a step in the right direction, but it doesn not support any view-dependent lighting effects. In 

this task, extend the vertex diffuse shading model from the previous task to include specularities, following the 

Gouraud shading model described in class. Copy your diffuse shading code into fShaderGouraud.js and 

vShaderGourad.js first and then add the specular term. This will show the specular highlights on the 3rd 

teapot, so that you can compare how diffuse only and diffuse+specular shading models work. 

Extend your diffuse vertex shader from part A by the specular term. For this calculation you will need to 

compute the view vector from 3D vertex position to the camera. Because you are operating in view 

coordinates, the camera will be in the origin, but you need to make sure to transform your vertex into the view 

coordinate system first. You might find the GLSL function reflect() to be useful for calculating the perfect 

reflector. Pay close attention to the direction of the vector that reflect is expecting. 

For reference, after Gouraud shading you can expect to see something like the following. This scene was 

captured with the default light source without attenuation. 

 

 

 

C) Multiple Light Sources (10 points) 

Expecting there to only be one light source in a scene is a little unrealistic, right? In this task you’ll extend the 

Gouraud shading model to an arbitrary number of light sources.  

Clicking the Add Point Light on the web page will add additional point light sources to the scene. These 

additional light sources are represented in the pointLights array of structs. Each index represents a separate 

light source. Remember that only a single color vector represents a fragment’s color. The perceived color of a 

fragment is the sum of each light’s contribution, as per the lecture slides.  

Implement the multiple point light sources for the shaders you have implemented so far. Once complete, you 

should be able to add an arbitrary number of light sources. There is no need to submit anything in the PDF. 

Just submit your code and we will check functionality.  

 

Task 2: Phong Shading Model (15 points) 

Implement Phong shading (i.e., per-fragment lighting). In the Phong shading shader files provided: 

vShaderPhong.js and fShaderPhong.js.  For this purpose, you need to write a simple GLSL vertex shader 

that does all the 3D transformations and a separate fragment shader that does all the lighting calculations. 
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Use the Phong lighting model discussed in class. Support multiple light sources, as you have in the Gouraud 

shading model. 

A) Vertex Shader (5 points) 

Write the vertex shader. There should be no lighting calculations in the shader. Transform the vertex and 

normal into the view coordinate system, and output from the vertex shader. These output variables will be 

interpolated by the rasterizer to get the final values assigned to each fragment. 

B) Fragment Shader (5 points) 

Write the fragment shader. This shader should take as input the output of the vertex shader (3D vertex 

position and 3D normal). Make sure the normal is normalized after being interpolated by the rasterizer! You 

will perform the same lighting calculations that you already implemented in the vertex shader in task 1 for 

each fragment here. Remember to support multiple light sources, just like in the Gouraud shading. 

C) Comparison to Gouraud (5 points) 

Comparing the per-vertex lighting (Gouraud shading) and the per-fragment lighting (Phong shading) models, 

what’s the difference? What are the benefits and downsides of both shaders? Specifically, comment on both 

quality of shading and computational load. 

 

Task 3: Directional Light Sources (10 points) 

Until now we have been working with point light sources, which are sources with a given position in the world 

that illuminate in all directions where the light rays fade out over distance (via the attenuation factor). These 

are good light sources to model a light bulb or torch. When a light source is far away, the rays of light falling 

on a scene are close to being parallel to each other. It looks like the rays come from the same direction 

regardless of the position of object and/or viewer. When a light is modeled as being infinitely far away it is 

called a directional light source, since all of its rays have the same direction. A directional light source is 

independent of position, and you only need a direction vector to define the light source. This type of light 

source models the sun well. 

 

 

Figure 1. Point Light Source 

 

 

Figure 2. Directional Light Source 

 

Add support for an arbitrary amount of directional light sources in the vShaderMultiPhong.js and 

fShaderMultiPhong.js files. As with the light sources, clicking the Add Dir button. Light button will generate 

additional directional light sources in the scene. The calculation is very similar to the point light source 

calculations from the previous task. If you see uncharacteristic lighting conditions with the directional light 
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source, think about the direction of the directional light source vector and how it relates to the L vector in the 

Phong shading model we defined in class. Also, we typically do not assume that the intensity of light falls off 

for a directional light source, and therefore we do not apply an attenuation factor to the directional light 

source. 

Once again we check functionality of the implementation, and there is no need to submit anything in the PDF. 

Questions?  

First, Google it! It’s a good habit to use the internet to answer your question. For 99% of all question, the 

answer is easier found online than asking us. If you can’t figure it out this way, post on piazza and definitely 

make sure you attend the lab on Fridays (in Packard 001).  


