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	“Image Processing” refers to the science of modifying some or all of the pixels in a digital image. An image is a rectangular arrangement of pixels in rows and columns. Each pixel is a color ‘tuple’ consisting of certain amounts of red, green, and blue, each value in the range 0..255. This first activity introduces the functions in the ti_image module and converts a color image to varying shades of gray.

	0. Overview of Image Processing
Changing a color image to shades of gray, flipping or rotating an image, resizing and making other ‘adjustments’ to the image are all possible through Python programming with the right tools contained in ti_image.

The<Add-On> ti_image module for the TI-84 Plus CE Python allows you to address the pixels in an image.  Use TI Connect CE or TI-SmartView Explorer (teacher software only) workspace to import an image from your computer to the handheld or emulator.
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	1. [bookmark: _GoBack]We’ve chosen this picture of a snake (a python to be exact!) for our image processing projects. The image is 100x100 pixels. You can download this picture of a python from SNAKE.8xv. This special AppVar contains an image and can be transferred to your TI-84 Plus CE Python calculator using your TI-Connect CE software (this free software is available here).	Comment by Kugler, Cara: This file will need to be in the download folder online. 
                           
	
[image: ]

	2. A closer look at the image shows the individual pixels (colored squares) that make up the image.
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	3. When imported into the calculator, the image file appears as an AppVar in the Memory Management system:
         [mem] > Memory Management > Appvars

The image file is called ‘SNAKE’ (note: all uppercase) in the AppVar list shown here. Notice that there is not a PY designation. It is NOT a Python program. It is a picture of a python.
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	4. Start the Python app, create a new program (ours is called GRAYSCAL) and select <Fns> Modul <Add Ons>. If the ti_image module is present then the import statement appears on this menu (along with all other Add-on modules that you have). 
Select 
                      from ti_image import * 
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	5. When the import statement is in your Editor, the Modul ([math]) menu now contains an additional sub-menu: ti_image… 
If there are additional <Add-On> import statements in your code they will appear here as well and the order that they appear on this menu can vary.
Remember to use the [math] key as a shortcut for <Fns> Modul but note that the <Add On> menu does not appear.
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	6. All the Image Processing statements are found on one menu shown here. To load the SNAKE image into your program select 
load_image(“name”) and type the filename SNAKE into the argument:
         load_image(“SNAKE”)
Be sure to use UPPERCASE characters.
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	7. Add the function show_image( , ) from the same [math] ti_image… menu. Use the position (50, 50) on the screen for the upper-left corner of the image. 
These numbers (50, 50) as well as the image size (100x100) are important to the rest of the program.
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	8. Run the program now to see that the image appears on the screen.
Notice that the screen is not cleared before the image appears. We will fix this in the next step. 
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	9. Near the top of your program, before the .show_image() function, add the clear_image() function found on [math] ti_image… 

The Image menu is shown here. Note the numbers to the right of  clear_image: (319, 209). The screen is 320x240 pixels but this includes the top gray status bar that is always visible, so there are only 210 (0..209) rows of pixels available to the programmer.
The other clear_image() functions let you clear only a rectangular region of the screen or clear a region in a color of your choice.
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	10. Move the image to the upper left corner of the screen by changing: 
               show_image(0, 0)


Also create four variables that store the Width and Height of the screen and the width and height of the image. Remember that Python is case-sensitive.

These variables can come in handy for positioning the image on the screen.



show_image() quickly ‘paints’ the image onto the drawing ‘canvas’, in this instance starting at (0,0), the upper left corner of the screen.
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	11. 
Now for the ‘processing’ part: To convert this image to grayscale we will:
· get the three color values of every pixel of the image
· compute the average color of each pixel
· put the new (gray) pixel somewhere else on the screen.

Use a nested pair  of for loops (one inside the other): 
    the outer ( j ) loop processes one row of the image at a time
       the inner ( i ) loop handles one pixel at a time in the current row
Note the twp range( ) arguments h and w which were assigned the width and height of the image earlier.

The statement
             c = get_pixel( i, j )  
found on [math] ti_image… assigns the variable c all three color values of the screen pixel at column i, row j. If printed, c would look like this: c = (r, g, b) where r, g and b are numbers. c is called a ‘tuple’ in Python.

The statement
             a = sum(c) // 3 
calculates the average of the three values in c as an integer (//)
the function sum( ) is found on <Fns…> List
	
[image: ]

	12. The last two statements needed in the program are:
                          set_pixel(190 + i,  j, (a, a, a) )
               show_screen()

set_pixel( ) is part of the inner for loop so is properly indented.
The coordinates used, (190 + i,  j), allow both the original image and the grayscale image to appear on the screen at the same time.

(a, a, a) is the tuple used to paint the pixel in some color. Since all three values are the same, the color is a shade of gray.

show_screen( ) is used at the very end of the program to keep the canvas on the screen until you press the [clear] key.

Both functions are found on [math] ti_image…
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	13. <Run> the program. Your new gray snake will gradually appear on the right side of the screen. In a few minutes your complete image will be drawn, pixel-by-pixel. The white region surrounding the python remains white because the average of (255, 255, 255) is 255. Only the snake is converted to various shades of gray.

Press [clear] to exit the graphics screen and return to the Shell prompt.

Try editing the program to move the two images to different positions on the screen. Can they be placed in the same position? How would you ‘center’ an image on the screen knowing the four dimension values, W, H, w, and h?
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	Teacher Tip:
SNAKE.8xv can also be loaded into the TI SmartView CE emulator OS using the SmartView CE Explorer workspace as well.  (Reminder: this is Teacher Software) 

              How can you get your own image into CE Python?  Be sure to keep your software up-to-date!

Answers to last questions: Yes, they can be in the same position. The gray pixels would replace the colored ones.
To center an image, use show_image( (W - w) / 2, (H - h) / 2)
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