Morph Individual Programming Project

COM 1101 Winter 2000


Class Morph: An Individual Project

This is an individual programming project. You can discuss it with your friends and tutors, but must do all programming by yourself. Should two students hand in an identical project (or a clearly plagiarized project), both shall receive no grade for the project. You are also required to create at least one set of test data - again these files should not be copied from a friend. 

Overview

This project gives you an opportunity to build and test a simple class in the context of a nice graphics based application. The goal of the Morph project is to display two polygons: the starting and the ending image, and let the user display the gradual morphing of the starting polygon into the ending polygon. The drawing of the intermediate image is regulated by a given interpolation factor. If the factor is 1/3, then each point in the intermediate polygon is 1/3 of the distance between the corresponding points in the start and stop polygons. That means that the interpolation factor 0 gives us the start image and the interpolation factor 1 gives us the stop image. 

You will design the class Morph and test it using our test code for a couple of fixed polygons. You will then add code that will allow you to read the data from a file. Design of a good user interface will be an integral part of the project.  

A sample compiled solution is available in two versions. The first version is the finished product where you can see how the program and the user interface should behave. The second version includes a number of debugging printout statements that we have used when writing the program. This version provides an example how one should build a complex program by building components and verifying that they work properly before proceeding with further work.

The picture below shows one octagon morphed into another. The middle image shows the relationship between the respective pairs of points.
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Class Morph

The class Morph will have as its member data three PolygonData objects: start, stop and current, and a variable size of the type short that records the size of the three polygons. The three PolygonData objects must be of the same size.

Constructors

The class should have two constructors. The default constructor just sets the size to zero. The second constructor should use two PolygonData objects to build the internal data and sets its size variable. This task should be performed by calling the Set function described below. 

Set Functions

Morph& Set(const PolygonData& Start, const PolygonData& Stop) 
You should start by building and testing a simple version of this function that accepts only polygons of the same size. First, compare the ValidSize values of the two polygons. If they are not the same print an error message, set the size to zero and return the reference to this Morph object. If the two polygons are of the same size, set the size member data in your Morph class to this value and copy the two PolygonData objects into your member data objects. Initialize current to be a copy of the start polygon.

Modify this function later, so that it first finds the size of the larger polygon and reserves the larger size space for both and sets the value of the size member data to this larger size. Next, copy both polygons into the member PolygonData objects: start and stop. Next, the smaller polygon should be passed to the AdjustPolygon function to add extra points. Finally set the current to be a copy of either start or stop and return reference to the Morph object.

Adjust Function

void AdjustPolygon(PolygonData& Poly, int newsize)
This helper function is declared as private. It is called by the Set function, but there is never a need to call this function from outside the class. It checks the ValidSize of Poly and repeats Poly.Append(Poly[0]) until its size is equal to newsize.

Interpolate Function

PolygonData& Interpolate(double x)
This function computes the coordinates of all PointData elements of the current PolygonData and returns a reference to current. The actual computation for each PointData element is done in the function InBetween.

Animate Function

Morph& Animate(int stepcount, bool mode = run)
The simple version of this function ignores the mode. The function starts by clearing all three graphics windows and displaying the start and stop polygons in GraphicsWindow(0) and GraphicsWindow(2). It then performs the desired number of iteration steps (actually, step 0 through stepcount inclusive), computing the iteration factor, calling the Interpolate function and displaying the current polygon in the GraphicsWindow(1). It calls Pressreturn()  between the iteration steps.

In the final version, the function checks the mode and if the mode is run (true), the user is asked to select the delay in fractions of second sec. Instead of calling PressReturn()  between the iteration steps, the Delay(sec) function is called. The Delay function is already written.

InBetween Function

PointData InBetween(const PointData& P1, const PontData& P2, double x)
This is a private helper function that returns a PointData object that is the interpolation between the two given points P1 and P2 with the given interpolation factor x. The calculation that needs to be done is explained below:

PointData class represents a point in the graphics window coordinates - its member data x and y are of the type short. There are operators '=' and '+' that allow us to add two PointData objects and to copy the values from one PointData object to another. Thus, we can write:

PointData P1(20, 30); 
PointData P2(30, 50);
PointData P3;

P3 = P1 + P2;
Point2D class represents a pair of real numbers - a point in the real (Cartesian) plane. Here we have operator '*' that allows us to multiply a Point2D by a double (we will need this). The conversion from PointData to Point2D is automatic. However, to convert Point2D object to a PointData object, we need to use the member function Round. Thus, we can do the following:

PointData P(60, 30); 
Point2D Z(P);  

Z *= 0.3333;

P = Z.Round();

The resulting PointData P has now the coordinates (20, 10). If we just wrote

P = P * x;

or
P *= x;

the resulting PointData P would have the coordinates (0, 0). The operator * and the operator *= in the class PointData accepts only a short as multiplier. Therefore, the value of x (which is  normally between 0 and 1) would truncate to 0 before the multiplication is performed.

To interpolate between two PointData objects P1and P2with interpolation factor (double) x we need to compute the point P3 = P1 + (P2- P1) * x. However, the multiplication cannot be done in integer arithmetic. We can use a temporary Point2D object Temp to hold the difference P2 - P1and multiply it by x. To continue the computations, we need to convert it back to PointData using the Round function. The code would then be:

PointData P1, P2;

// and initialize the two points!

Point2D Temp = P2 - P1;

Temp *= x;

P3 = P1 + Temp.Round();

Project Tasks

Get familiar with the project

Start by reading the entire document to get familiar with the problem, the two variations of the Morph class, and the classes PointData, Point2D, PolygonData and PolygonWidget that you will need to use. Run both versions of the compiled solution to see how the finished project should look.

The picture below shows the polygon bob1.txt being morphed into the polygon bob2.txt with the interpolation factor 0.4.

[image: image2.png]= Graphics 0

W =1 (= Graphics 2

W Graphics 2





Look at the skeleton source code given to you. You will see that it consists of the following parts:

· enum that defines bool values run and step (these will be used to select the animation mode)

· *** Place holder for where the class Morph should be defined

· *** Header for the function ReadingPolygon that will read polygon data from a file

· *** Header and the start for the global function InterpolateLoop that repeatedly asks the user to select an interpolation factor and then displays the desired image. It also paints the start and stop images in the left and right graphics windows
· Function SelectTest that lets the user select one of five tests or terminate the program

· Five Test functions already built

· main that builds the three Graphics Windows and then loops through selecting and calling the next test

The parts that you have to build are indicated by three stars ***.

Part 1: Build the skeleton of the Morph class and test it

Build the simple version of class Morph that accepts only start and stop polygons of the same size:

· Build the Set function and the two constructors.

· Build Interpolate member function skeleton that will only print the interpolation factor passed to it by the caller as value argument and returns the current polygon without making any changes to it. 

· Build the Animate function so that it displays the start polygon in the GraphicsWindow(0) and the stop polygon in the GraphicsWindow(2). Ignore the mode argument passed to the Animate function. The function should ask the user to select the number of steps in the animation. It should then loop through and at each step do the following:

· compute the interpolation factor

· call the Interpolate function

· display the current polygon in the GraphicsWindow(1)
· use PressReturn function to prompt the user to advance to the next step. We will add the automatic timed delay later. 

· Test your code to see that the start and stop polygons are properly displayed and that the interpolation factor is computed correctly by running Test3().

Part 2: Build the InBetween private member function

The InBetween private member function computes the interpolated point between two points for a given interpolation factor. Thus, it receives three arguments: two PointData objects (passed by const reference) and the interpolation factor x. It computes the coordinates of a new PointData object that is the interpolation between the two given objects with the given interpolation factor. The technique needed to build this function has been explained in detail earlier.

Part 3: Build the Interpolate member function and the InterpolateLoop global function

The Interpolate member function is a loop that calls the InBetween function for every pair of PointData items (start[i] and stop[i]) with a given interpolation factor x. The InBetween function computes the corresponding PointData item (i.e. current[i]). After all points of current have been computed, a reference to current is returned as the function value.

The global function InterpolateLoop manages the interpolation interface for the user. It first displays the two bounding images: start in the GraphicsWindow(0) and stop in the GraphicsWindow(2). It then repeats asking the user for next interpolation factor and calling the Interpolate (in the class Morph), and Set and Draw functions (in the class PolygonWidget) to build new current polygon and display it in the GraphicsWindow(1).

Test your program to make sure the interpolated polygon is built and displayed correctly. Test1() function in the skeleton program will help you in this. You may want to print the coordinates of the current polygon to verify the computations.

Part 4: Add the delay options

The test program already selects the mode and passes it to the Animate function. Modify the Animate function so it will respond to the two choices: step mode or run mode. If the user selects run mode, the user should be then asked to select the delay (in fractions of a second sec) and Animate function should call the function Delay(sec) after each interpolation. If the user selects step mode, PressReturn function will prompt the user before each interpolation step as we have done in the simpler version of the Animate function.

Part 5: Adjust the size of the input polygon

Write the AdjustPolygon function the will be a private function in the class Morph and modify the Set function to call AdjustPolygon before it returns. 

The purpose of this function is following. If the two polygons are not of the same size, rather than marking it as an error, we add extra points to the smaller polygon by repeating the first point. That means that the Set function needs to find the larger of the two sizes and ChangeMemory()  to the larger size for both polygons. The Set function then calls the AdjustPolygon function passing to it the smaller polygon and the desired newsize to which it should grow. The AdjustPolygon function appends a copy of the first point to the polygon, until the desired size is reached. 

Test this function by running tests 3 and 4.

Part 6: Read the input from a file

Type in the function int ReadingPolygon(PolygonData& PD) that will return the ValidSize of a polygon PD that was read in. It is shown below, but we want you to think about the way it was built.

int ReadingPolygon(PolygonData& Poly){


ifstream infile;




// declare input file stream object


string filename;



// declare string to hols the file name


if (SelectOldFileName(filename)){

// use FileTools to select file via dialog box



if (OpenFile(infile, filename, textread)){
// open the file to read text




cout << filename << endl;




string stringdata;

// string to read one line of data


PointData PD;


// PointData object to hold the actual data


int i = 0;



// loop counter


while (true){



int begin = 0;


// used to convert string to PointData: starting spot



int next = 0;


// used to convert string to PointData: 



int error = 0;


// report errors in converting string to PointData



getline(infile, stringdata, '\n');


// read whole line as a string



if (!infile)







// exit if end of file reached




break;



PD.FromString(stringdata, begin, next, error);
// convert to PointData



cout << i << ":  " <<  stringdata << endl;


// echo input to console



i++;



if (error){










// exit if error




cout << "data error in file ... reading stopped" << endl;




break;



}



Poly.Append(PD);








// append to the polygon


} // end of file reached

cout << endl;



infile.close();











// close the file



}; // end of if(OpenFile)


}; // end if(SelectOldFileName)


return Poly.ValidSize();

}; // end of ReadingPolygon function

Test your code by reading input files bob1.txt, bob2.txt.

Part 7: Clean up your code

When you finish all features, put // before the diagnostic output statements that you do not want to use. Test that your program is user friendly and test again all features to make sure you did not eliminate some critical parts of the code.

Part 8: Build your own pictures 

Using the Visual C++ editor, create two text files (.txt) that will have the data for a set of pictures you designed. Run your program with these input files and print a snapshot of the three graphics windows with your pictures.

Drawing the Polygons

PolygonData class represents an array of PointData objects. We can perform all the operations allowed on the array, including the request for the ValidSize (the current number of points in the polygon). We can add new points to the PolygonData using the Append member function. However, to paint the polygon in the graphics window, we need to build a PolygonWidget object. The PolygonWidget allows us to choose the paint mode (frame, fill or frame-fill) and to Draw the polygon.

The following code at the beginning of the function InterpolateLoop shows how the PolygonData and PolygonWidget classes interact in drawing the polygons:


PolygonWidget PW; 



// create a PolygonWidget object 

// draw the start image


ClearDrawing(0);



// clear GrapwhicWindow(0)


PW.Set(Test.Interpolate(0)).Draw(0); 
· Test.Interpolate(0) returns the current PolygonData reference (with current set to be the same as start)

The rest is very similar to the way the PolygonData was used in the Quilts project. Note that the argument 0 in the Draw function indicates that GraphicWindow(0) should be used for drawing.

Saving and Printing the Screen Shots

Use the Print Screeen key to make a screen shot.

Open MSWord document.

Select Paste in Edit menu. A picture of the whole screen will appear.

Double click on the picture, then right click to bring up a pop-up menu.

Select "Show Picture Toolbar" in the pop-up menu

Select the crop tool in the Picture Toolbar

Crop the picture by cutting off the bottom right or the top left.

Select the cropped picture and copy it into you report document.

Add a title for the picture, as well as your name and ID

Save the file and print it.

Turn in:

· Diskette with your source code file Morph.cpp and two input files (picture1.txt and picture2.txt) for a picture you designed. The two polygons in these files do not have to be of the same size. You can give your input files meaningful names.

· Printout of your source code

· Printout of your picture data files

· Printout of a screen shot that shows your picture in three graphics windows (start, stop, and a morphed image in between).

Make sure you clearly identify all parts and package them in a plastic pouch.
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