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Content (what is taught): 
· Image processing
· Signal to symbol conversion
· Data capture from images
Context (how it is taught):
· Discussion of signal to symbol conversion and difficulties
· Hands-on exploration of image processing with software
· Analysis of collected data

Activity Description:
Students will investigate the nature of image processing through a variety of physics labs. The image processing component will be used to assist with data collection and analysis. Students will generate specific filter settings for different scenarios. This will culminate in analysis of a teacher-selected experiment or writing prompt.
Standards: (At least one standard each for Math, Science, Engineering and Technology - use standards provided)
Math 








Science:
MB1, MC1, MC2, MC4, MD1, MD2



SA1, SA2, SB1, SB3, SE1
Technology







Engineering
TA1, TB1, TC1, TD2, TF1, TF3




EA1, EA4, EB5
Computer Science:
CT:L1, CT:L3:CP, 
Materials List: 
Computers
Asking Questions (Follow the Bouncing Ball)
Summary: Students are introduced to the basic concept of image processing.
Outline: 
· Write several words on the board that have unusual spellings (enough, through, though, rendezvous, hor d’oeuvres, or others) and discuss how you decide how to pronounce the word
· Reverse the direction, say some words with unusual spellings and ask for spelling
· Repeat process for words with missing letters
· Discuss how difficult it can be to understand without enough information or exposure
· Introduce the concept of Signal-to-Symbol Conversion in the realm of Image Processing
Activity:  Write several words on the board with unusual spellings or atypical phonetic patterns (see above for examples) and have students describe the process of converting the spelling to sound. Follow this up with the reverse direction of saying several unique words had have students try to parse the spelling. You may also wish to leave letters out of some words to simulate missing data. Discuss how computers cannot ‘see’ as humans and other higher animals do, but have to convert (encode) this visual information to another format understandable to them.  To conclude the concept of Signal-to-Symbol Conversion in the realm of Image Processing will be introduced.
	Questions
	Answers

	What are some of the difficulties with converting words / sounds?

	Silent letters, multiple pronunciations, etc.

	What are some important features of vision that a computer might have to understand / account for?

	Color, brightness, shape, depth, etc.

	What are some applications of computer vision that you have experienced?

	AMV. Facebook face detection, barcode scanners, security camera systems, etc.


Exploring Concepts (Follow the Bouncing Ball)
Summary: Students will investigate the use of image processing in an open physics lab setting. This may include motion of bouncing balls, rolling cars, pendulums, etc.
Outline: 
· Quickly demonstrate image processing software
· Explain basic features of some processing settings
· Give students a chance to explore and isolate certain objects
· Students should keep a record of useful filter settings for future use
Activity: 

Give students a brief tutorial on the image processing software called Tracker, demonstrate the basic filtering functions and give the students a chance to explore the software.  NOTE:  This software is utilized by taking a video of a moving object, putting the video on a computer and then using the software to analyze the video.  Students should focus on isolating objects and tracking their motion.  This may be extended to many other hands-on activities.  Tracking complex objects can be accomplished by attaching a simple marker such as a colored circle or triangle to act as a target marker.  Students should retain a set of settings to assist them in later labs as needed.
NOTE: There are many tutorials, demos, and videos available on the Open Source Physics site; it is well worth your time to explore. 
Resources:
· Tracker Image Processing program - http://www.cabrillo.edu/~dbrown/tracker/
· http://www.compadre.org/osp/ - Open Source Physics
· Objects to track such as bouncing balls, pendulums, toy cars, etc.
Instructing Concepts (Follow the Bouncing Ball)
Image Processing
Image processing is the translation of a signal from a sensing device such as a camera or scanner into data usable by the computer to complete a task. Image processing is one of the early steps in computer vision. You may have seen the results of image processing in popular apps such as Instagram. One of the main applications of image processing is computer vision; this is the complex process by which computers can identify motion or objects.
Vocabulary:
·  Computer vision - the field of study focusing on the digital processing of image information
· Edge - an abrupt change in some property (brightness, color, etc.) of an image
· Filter (kernel) - an algorithm (process) applied to an image to transform it
· Object recognition - application of filters to identify patterns in an image
· Threshold - a trigger value; values above are treated differently than values below the threshold
Purpose of Image Processing. Image processing takes information from the world, puts it into a form computers can understand and modifies it to improve the information quality or select parts of the information. This is similar to you moving an object closer to your eyes or turning on a light to see more clearly.
Data used in Image Processing. Computers store images as a series of numbers to represent different properties of the light that reaches the sensor (examples are Red, Green, Blue or RGB and Hue, Saturation, Value or HSV). The computer will adjust these values using an algorithm or formula to improve the quality of information. This does not mean that computers can get new visual information, but can clarify the original information.
Despeckling - Image Processing example. An example of image processing is despeckling. This remove small areas of color that do not seem to fit with the image as a whole; an example would be dust on a scanned photograph or areas on a camera sensor that are not as sensitive to light. Computers can average the values around each pixel to remove the pixels that do not seem to fit.
There are many more common algorithms used in image processing; you may be familiar with many of them from photo editing software such as Photoshop.
Organizing Learning (Follow the Bouncing Ball)
Summary: Students are given an opportunity to utilize the image processing software in either a self-selected or teacher-assigned task.
Outline: 
· Students use image processing software to isolate a given object and track its motion
· Students record process of isolation and experimental data
· Students report outcome of experiment and usefulness of image processing
Activity: 
Students should set up a camera to record the motion of a ball being dropped, bouncing, and rebounding. An initial height of two meters above floor level should provide good data for fairly elastic balls. Meter sticks or PVC pipe marked every ten centimeters can provide a scale for the motion. [The ball throw video included with the Tracker software is a good idea of the setup.]  Record the video data and have students track the ball through its motion with the Tracker software. Data may be directly analyzed in Tracker, exported to a spreadsheet program, or analyzed by hand.
Good data to analyze typically deals with velocity, acceleration, or energy losses to the environment. [The software will do much of the processing and even draw in vector arrows.] The ratio of maximum height for a given bounce to the maximum height of the previous bounce will yield the fraction of energy preserved by the ball. Balls such as ping-pong balls or golf balls retain the largest amount of energy; softballs or baseballs tend to shed more energy during the collision with the floor. Students can then reflect upon their results using the provided reflection sheet or by some other teacher-generated means.
Resources:
· Tracker Image Processing program - http://www.cabrillo.edu/~dbrown/tracker/
· Measuring device (recommended)
· Objects to track such as bouncing balls, pendulums, toy cars, etc.
Attachments:
T098_RET_Follow_Bouncing_Ball_O_ReflectionSheet.doc
Understanding Learning (Follow the Bouncing Ball)
Summary: Students are asked to discuss / apply their knowledge of image analysis.
Outline: 
· Formative assessment of image processing.
· Summative assessment of image processing.
Activity: 
Students will complete a hands-on application of image processing software, writing prompt, or other activity as seen fit by the instructor.
Formative Assessment
As students are engaged in the lesson ask these or similar questions:
1) Can students explain what might have to change if the object were a different color or under different lighting conditions?
2) Can student identify some new uses of image processing that might make it into our daily lives?
3) Do students understand how image processing might be better / worse than human vision?
Summative Assessment
Students can complete the following writing prompt.
Describe the basic process of converting images into a format that computers can understand. What are some of the main features a computer will try to analyze when image processing once in a usable format? (Possible answer show in red italics below)
Computers use sensors to convert light into numeric values for one of several formats. In RGB, computers read Red, Green, and Blue similar to human vision; HSV uses Hue, Saturation, and Value to describe the data. Computers will look for changes in the values (edges), specific values (colors), or combine these for more advanced image analysis (object recognition.)
Students can complete the following performance assessment.
Give students a novel object to isolate and track. This may be one with multiple colors or change the background / lighting. Have them describe the process / settings they used to complete the task.
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