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Assignment 1 – due 4/13/2017 at 11:59PM 

Topic: Getting Started with WebGL and Transformations 
 

Students should use Javascript 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 open the render.html file in your web browser you should see three teapots, a grid, and a set 

of axes. The axes are defined as follows: the red line corresponds to the +x axis, the green line corresponds 

to the +y axis, and the blue line corresponds to the +z axis. Note that when viewing a scene, you look down 

the –z axis, as described in class. This will become clearer later. The starter code provides you with fixed 

model, view, and perspective matrices. In this homework you will learn about each transform individually by 

interacting with them via mouse movements. You might find THREE’s Matrix4() functions useful for this 

assignment in creating rotation and translation matrix. You can find the documentation here. 

 

 

 

Task 1: Model Transformations (40 points) 

https://stanford.edu/class/ee267/
https://threejs.org/docs/api/math/Matrix4.html
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When building scenes in a virtual environment, the first operation you will need is to place different 3D objects 

around the scene. As mentioned in lecture, a 3D object typically defines its vertices in its local space around 

the origin (0,0,0). So if you were to load multiple 3D objects, each centered around (0,0,0), all the 3D objects 

would overlap which wouldn’t be very interesting. We use homogenous transformations (translation, rotation, 

scaling) to move the models’ vertices to different positions. Typically, these transformations, defining a 3D 

object’s position, orientation, and size in some common world coordinate system are called the model 

transformation.  

A) Model Translation (20 points) 

A fixed model transformation is already provided for you, which describes the relative position of the teapots 

in the scene. In this task, you will implement a simple mouse-based x,y,z translation of the three teapots. 

i) Mouse Movement (5 points) 

First, you will have to record mouse movements. The 

stateController.js file describes a class that will handle all 

events (mouse, keyboard, etc.) throughout the course. It 

has a property called state that keeps track of the state of 

mouse movements under certain conditions (how many 

pixels a mouse was dragged when the Model Control html 

button was engaged and the SHIFT key was pressed). 

You will add elements to the property, state, to keep track 

of the states of mouse movements.  

The onMove() function is a callback function for when 

mouse movement is detected. Modify this function in the 

outlined sections, to update the elements you added to 

the state property. You will want to record the total 

amount of movement from the start of opening up the 

rendering, so simply keep updating the same parameter!   

For this task we are interested in mouse movement when 

the Model Control HTML button is engaged and the 

SHIFT or CONTROL buttons are pressed. Create the 

appropriate element in state and update it in onMove(). In 

addition, visualize the model translation values by using 

the display() function. Even though the teapots still don’t 

move, the displayed values should be updated upon 

mouse movement. 

 

ii) Matrix Update (15 points) 

Now, we want to use these mouse movement values to 

update the objects’ positions. Update the 

computeModelTransform() function and update() of the 

MVPmat class in transform.js for this purpose. The 

function will take the stateController instance as an input, 

i.e. mouse movements in pixels.  

Translate the teapots by these mouse movements. To simplify things, assume that one mouse pixel 

movement, translates the teapots by 1 unit along some axis.  

Figure 1. Teapot translation along +x 

Figure 3. Teapot translation along +y 

Figure 4. Teapot translation along +z 
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The direction of the translations are defined as follows: 

 SHIFT with +x mouse movement (horizontal to the right): translate teapot along +x axis 

 SHIFT with +y mouse movement (vertical to the bottom): translate teapot along +y axis 

 CONTROL (or COMMAND on Macs) with +y mouse movement: translate teapot along +z axis 

The origin of the window in jQuery (the onMove() function) is at the top-left of the monitor, while in 

WebGL/Three.js the origin is at the bottom-left. You may find the THREE.Matrix4().makeTranslation() function 

useful in defining the translation matrices. 

Verify that your translation motion works correctly by pressing the SHIFT key and click dragging your mouse. 

The teapot should move in the direction of the mouse. When the control is pressed while dragging your 

mouse, the teapot should move in and out. 

There is nothing you need to submit in the PDF for this task. Submit the code and we will check functionality. 

B) Model Rotation (20 points) 

Let’s add in model rotation into the model transformation. Implement a simple mouse-based rotation of the 3D 

objects, similar to before. First, in the stateController.js file, record the mouse movements as before by 

defining another variable. This time, mouse movement with no keys pressed will administer the rotation. 

Horizontal and vertical mouse motion will correspond to the counter-clockwise rotation of the teapot along its 

+y and +x axes, respectively. You may find the THREE function THREE.Matrix4().makeRotation*() function 

useful. In addition, visualize the model rotation values by using the display() function. 

Each teapot should rotate around its own origin, as seen in the figures below. Pay close attention to the order 

of operations. The teapots should exhibit behaviors as in the figures below. Once again, no need to submit 

anything in the PDF for this task. We will check the functionality of your code. 

 

Task 2: View Transform (30 points) 

Once the objects are positioned in world space, we apply the view transform to shift EACH models’ world 

vertices into view space. This space will essentially dictate the position and orientation of the “camera” 

through which we see the virtual content.  

A) Implement View Transform (20 points) 

A simple, fixed view matrix dictating the view transform is already provided. The fixed matrix places the 

camera at 50 units along the world z axis, and points to the world origin. In this task, you will implement the 

view transform function defined in class in the function computeViewTransform() in transform.js. The inputs 

Figure 5. Teapot rotation after horizontal mouse movement Figure 6. Teapot rotation after vertical mouse movement 
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will be the three 3x1 vectors: viewerTarget specifying the coordinate in world space the camera will look at, 

viewerPosition specifying the coordinate in world space that the camera will be positioned at, and viewerUp 

specifying the “up” direction for the camera. Using these three inputs, generate and output the view matrix as 

defined in the lecture slides. 

Submit the generated view matrix when the input is: 

 viewerTarget: [50,0,100] 

 viewerPosition: [200, 0, 400] 

 viewerUp: [0, 1, 0] 

We will also check the functionality of your implementation when grading. 

B) Move Viewer Position (5 points) 

Similar to Task 1, you will now interact with the view matrix dynamically via mouse movements. Record 

mouse movements in the instance of the stateController class for when the Viewer Position button is pressed. 

When the SHIFT keyboard button is pressed, vertical mouse movements will correspond to changes in the 

camera’s z position. Without any keyboard button pressed, horizontal and vertical mouse movements will 

correspond to shifts in the camera’s position along the x- and y-axes, respectively. In addition, visualize the 

viewer position values by using the display() function. The initial value should be set to [0, 0, 800]. 

C) Move Viewer Target (5 points) 

In this task, you will update the viewerTarget input to the viewTransform() function. Record mouse 

movements in the instance of the stateController class for when the Viewer Target button is pressed. When 

the SHIFT keyboard button is pressed, vertical mouse movements will correspond to changes in the camera’s 

viewing target z position. Without any keyboard button pressed, horizontal and vertical mouse movements will 

correspond to shifts in the camera’s viewing target position along the x- and y-axes, respectively. In addition, 

visualize the viewer target values by using the display() function. The initial value should be set to [0, 0, 0]. 

 

Task 3: Projection Transform (30 points) 

Figure 7. Viewer position after vertical mouse movement Figure 8. Viewer position after horizontal mouse movement 
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Once the objects are placed in world space, and then transformed to be placed in front of the camera via the 

view transform, the final step is to project the 3D content onto a 2D plane so that it can be displayed as an 

image on a display. This projection is called the Projection Transform. If we think of the view transform as 

setting the position and orientation of the camera, we can think of the projection matrix as describing the 

camera’s parameters: focal length, field of view, and aspect ratio. Two commonly used types of projection 

transforms were described in class: perspective and orthographic. You will implement each here.  

A) Implement Perspective Projection (15 points) 

An initial fixed perspective projection transformation was given to you, so that you could see anything at all in 

the previous parts. In this task, you will fill in the function computePerspectiveTransform() that will 

automatically generate a perspective projection matrix based on the top/bottom, left/right, and near/far 

clipping planes. This follows the general definition of the perspective matrix as defined in lecture. We will 

need the potential for non-symmetric projection matrices for future homework! 

Submit the generated perspective matrix when the input is: 

 top: 0.2 

 bottom: -0.2 

 right: 0.15 

 left: -0.3 

 clipNear: 1 

 clipFar: 10000 

Also, to see how the clipNear parameter affects what we perceive, change the clipNear parameter input to the 

computePerspectiveMatrix() via mouse movements. As in Task 1 and 2, you need to define a variable in state 

to control clipNear when the Clip Plane button is pressed. Vertical mouse movements will bring change the 

position of the near clipping plane. The initial values for clipNear and clipFar should be 1 and 10000, 

respectively. In addition, to enforce the nonnegativity of clipNear, clipNear should be clamped to 1 for the 

control. 

B) Implement Orthographic Projection (15 points) 

Now, you will implement the orthographic projection transformation, which preserves absolute distances in 

the scene in the perceived image. Fill in the function computeOrthographicTransform() based on the 

top/bottom, left/right, and near/far clipping planes. In the PDF submission describe some of the differences 

that you perceive between the perspective and orthographic projections. When would you want to use the 

perspective projection? Can you think of some applications where you would want to use the orthographic 

projection? 

Submit the generated orthographic matrix when the input is: 

 top: 100 

Figure 9. Viewer target after vertical mouse movement Figure 10. Viewer target after horizontal mouse movement 
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 bottom: -100 

 right: 120 

 left: -110 

 clipNear: 1 

 clipFar: 10000 

 

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).  

 


