OpenGL Exercises

The following list of vertices represents a house. Use these vertices to create a mesh and replace the cube in the “Using MV and P transform” project in our Moodle pages.

Exercise 1: A house.


//A House
	 (0.0, 0.0, 0.0)//front 
	 (0.0, -2.0, 0.0)
	 (1.0, 0.0, 0.0)
	(0.0, -2.0, 0.0)
	(1.0, -2.0, 0.0)
	(1.0, 0.0, 0.0)
	(1.0, 0.0, 0.0)//right 
	(1.0, -2.0, 0.0)
	(1.0, -2.0, -1.0)Once successfully running it should look a little like this: 
[image: Shape  Description automatically generated]

	(1.0, 0.0, 0.0)
	(1.0, -2.0, -1.0)
	(1.0, 0.0, -1.0)
	(0.0, 0.0, 0.0)//left 
	(0.0, 0.0, -1.0)
	(0.0, -2.0, -1.0)
	(0.0, 0.0, 0.0)
	(0.0, -2.0, -1.0)
	(0.0, -2.0, 0.0)
	(0.0, -2.0, 0.0) //bottom
	(0.0, -2.0, -1.0)
	(1.0, -2.0, -1.0)
	(0.0, -2.0, 0.0)
	(1.0, -2.0, -1.0)
	(1.0, -2.0, 0.0)
	(0.0, 0.0, -1.0)//back 
	(1.0, -2.0, -1.0)
	(1.0, 0.0, -1.0)
	(0.0, 0.0, -1.0)
	(0.0, -2.0, -1.0)
	(1.0, -2.0, -1.0)
(0.0, 0.0, 0.0)//front gable 
	(1.0, 0.0, 0.0)
	(0.5, 1.25, 0.0)
	(0.0, 0.0, -1.0)//back gable 
	(0.5, 1.25, -1.0)
	(1.0, 0.0, -1.0)
	(0.0, 0.0, 0.0)//left roof 
	(0.5, 1.25, 0.0)
	(0.5, 1.25, -1.0)
	(0.0, 0.0, 0.0)
	(0.5, 1.25, -1.0)
	(0.0, 0.0, -1.0)
	(0.5, 1.25, 0.0)//right roof 
	(1.0, 0.0, 0.0)
	(1.0, 0.0, -1.0)
	(0.5, 1.25, 0.0)
	(1.0, 0.0, -1.0)
	(0.5, 1.25, -1.0)


Exercise 2: Wireframe vs filled polygons

Now use openGL’s glPolygonMode  function to render the house in wire fame mode.  Example usage is given here.  
glPolygonMode(GL_BACK,GL_FILL); 
glPolygonMode(GL_FRONT,GL_FILL); 
//uses also GL_FRONT_AND_BACK; GL_FILL, GL_POINT, GL_LINE to specify whether poly's front and back sides are drawn filled or as lines or points.
 

Note the use of GL_FRONT_AND_BACK,GL_LINE to specify which sides of the polygon should be  rendered and whether they are rendered as lines, filled polygons, points, etc.
To render the house as a wireframe model place the following line of code in the display function just before glEnable(GL_DEPTH_TEST).

glPolygonMode(GL_FRONT_AND_BACK,GL_LINE);

Exercise 3: Front and Backface Culling

To switch on back face culling include the following lines just before glEnable(GL_DEPTH_TEST).

glCullFace(GL_BACK);//discards front or back facing polygons
glEnable(GL_CULL_FACE);

OpenGL determines whether a polygon is facing front-wise (with respect to the camera) by the ordering of the vertices.  These are considered to be either ordered counter clockwise (CCW) or clockwise (CW). You can specify which by using glFrontFace(GL_CCW) or glFrontFace(GL_CCW).  

The following diagram illustrates these ideas [1].

[image: Diagram

Description automatically generated]


The default is considered to be counter clockwise and is turned off initially. We need to explicitly enable it using glEnable(GL_CULL_FACE). We can disable it by using glDisable(GL_CULL_FACE), of course.



[image: Shape, arrow

Description automatically generated]Try turning on front face culling and adjust the camera position using the lookAt() function.  You’ll see that our house vertices have not been specified in a consistent manner.  Correct this by identifying the vertices at fault and re-order them.  The following image shows the problem. 






In the above, front faces have been culled using this code in display:-
       //glCullFace(GL_BACK);//discards front or back facing polygons
	glCullFace(GL_FRONT);//discards front or back facing polygons
	glEnable(GL_CULL_FACE);  

Does it need to be here?



IF IN DOUBT DISABLE glCullFace()



Exercise 4: Redrawing the same object twice in different locations

We can redraw the house further on along the x-axis if we wish. To do this we need to recalculate the modelview matrix with the new transformation, let the shader know the new model view matrix details and then redraw. Add this code after the glDrawArrays() function.

//Create new model matrix and then mv matrix (no change to camera)
	mMat = glm::translate(glm::mat4(1.0f), glm::vec3(cubeLocX+2, cubeLocY, cubeLocZ));
	mMat = glm::rotate(mMat, glm::radians(45.0f), glm::vec3(0.0f, 1.0f, 0.0f));
	mvMat = vMat * mMat;
	//copy new mv matrix to shader
	glUniformMatrix4fv(mvLoc, 1, GL_FALSE, glm::value_ptr(mvMat));
	glUniformMatrix4fv(projLoc, 1, GL_FALSE, glm::value_ptr(pMat));
    glDrawArrays(GL_TRIANGLES, 0, 48);  //draw  a second house



Exercise 5: Draw three rows of three houses and place the camera to look down on them.
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