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PROJECT II:  ALUMINUM CRYSTAL SIZE
Successful completion of this project will enable you to: 
· Apply the problem solving method to an open-ended engineering problem
· Use flowcharting to aid in the development of a large computer program

· Effectively use a number of computer programming concepts:
· Large array and vector manipulations and computations;

· Logic and conditional structures;

· Repetition structures (loops); and
· The creation of an executive program and user-defined functions

· Practice applying statistical analysis concepts,

· Develop written reports as part of the design process, and

· Employ effective teaming skills and complete work within deadlines.
If your team has not submitted a Code of Cooperation through your Online Assignments, you must do by Friday, April 8 (although you should do it sooner than that).  Your team's project grade will be withheld until this task is completed.



PROJECT DESCRIPTION 

Your team has been hired by the Aluminum Production Company (AP Co.) to develop a software tool using MATLAB that will determine the average grain intercept (AGI) for digitized micrographs.  Your team will be working with actual pixels from a digitized micrograph.  Your team will need to determine how much variability will occur in the AGI measurement when using your tool so that the managers at AP Co. will know the reliability of the measurements.  In addition to developing the software tool, your team will document your procedures and demonstrate how your software tool can be used on a series of sample aluminum micrographs.  Your document needs to be written in complete sentences and should clarify the tool completely, yet briefly, for your client.  Your software tool will be looked at and evaluated by the managers at AP Co.  You may assume that the managers have some knowledge of science and math but are NOT engineers.


INTRODUCTION
Batter, Batter, . . . SWING!!

West Lafayette, IN – The Lady Panthers are ready to pounce!  Coach Meyers verified today that a new summer league softball team will be forming and joining the league.


“We have been signing up players, and we still have two positions open – third base and center field.  So, if you know of anyone that might be interested in playing these positions or even other positions, please have them contact me,” said Meyers.  “We are also beginning to make decisions about our uniforms and the pieces of equipment that we need to purchase.”


The Lady Panthers will wear uniforms of yellow and black after their team colors.  The new Harry’s Sport Shop on Main Street is designing the uniforms, and the uniforms will be available for purchase by next Friday.  Players will be responsible for purchasing their own uniforms, cleats, and mitts.


Since deciding on the team’s colors and the uniforms, Coach Meyer has been investigating the purchase of the necessary equipment for practice and games.  Plenty of softballs have been purchased and batting helmets are being priced.  Two different helmets are being considered, one for $34.99 and the other for $32.95.  “I’ll probably purchase the more expensive helmets because they are of better quality. “When I pick up the helmets I will also purchase the catcher’s mitt and the catcher’s mask.”


The only remaining equipment for the coach to purchase will be the softball bats.  The coach is considering three styles of aluminum bats, each of which costs about the same amount.  “Since bats are so expensive and last year the bats dented too easily, I want to purchase bats that are more resistant to denting,” commented Coach Meyers.


The first game for the Lady Panthers will occur on June 6 at home.  They will be playing the Nappanee Ravens at Strawberry Field.  “I’m looking forward to helping the women get ready for our first game.  I’ve heard the Nappanee Ravens have some good players, so we’ll need to be ready to go!” explained Coach Meyers.

Background Information: Part I

All metal is composed of crystals, and it is possible to see metal crystals without a microscope.  Check out the metal poles supporting a traffic light on a nearby West Lafayette corner.  These steel poles are coated with a thin layer of zinc metal that helps prevent rust formation.  The zinc metal forms very large crystals that can be readily seen by the eye.  The pictures below show the metal pole and a close-up picture of the crystals on the surface of the pole.  The letters a, b, and c indicate three crystals that have had a line drawn along the boundaries between the crystals.  The arrow on each picture is the scale marker.
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	Figure 1. Traffic light pole
	Figure 2. Close up of crystals


Background Information: Part II

The size of the crystals in aluminum is often a good indicator of the relative resistance to denting (or strength) of the material.  Aluminum consisting of small crystals is stronger than aluminum consisting of large crystals.  Figure 3 shows microscopic photographs of crystals for three samples of aluminum metal.  They are called ‘micrographs’ and they provide a standard way to compare the size of crystals in aluminum.  Materials engineers can chemically treat polished pieces of aluminum to make the boundaries between the crystals more visible.  Using a camera attached to a microscope, a picture of the boundaries between the crystals can be obtained, and then the size of the crystals can be estimated.
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Figure 3. Sample aluminum micrographs.

AVERAGE GRAIN INTERCEPT (AGI) METHOD
The average grain intercept (AGI) method is a technique used to quantify the grain - or crystal - size for a given material by drawing a set of randomly positioned line segments on the micrograph, counting the number of times each line segment intersects a grain boundary, and finding the ratio of the line length to number of intercepts.  Thus, the AGI is calculated as: 
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A sample with small crystals will have a low AGI value compared to a sample with large crystals. 
Figure 4 shows a micrograph (microscopic photograph) of a metal sample that has been polished to produce a smooth flat surface and then etched to highlight the boundaries between crystals (or grains).  The material within each boundary is a single, or individual, crystal that has been intersected (i.e., sliced through) by the polishing plane.  On this micrograph the micron marker indicates the magnified size of the features.  A micron marker is more useful than giving the magnification (number of times X) since the micron marker is always scaled properly even when subsequent enlargements or reductions are made of the micrograph. 
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	Figure 4. Micrograph of Crystals with Random Line Segments


The line segments that are randomly superimposed on the micrograph of Figure 4 show the first step in determining the AGI (average grain intercept).  The small squares on one of the line segments indicate (approximately) where the line segment intersects the grain (crystal) boundaries.  To calculate the AGI, the intersections for the other randomly placed line segments would also need to be obtained.  The count of boundaries and the total length of the line segments would then be used to calculate the AGI for the sample.
The picture shown in Figure 5 is a digitized, gray scale image of the view seen in an optical microscope.  The reason that the grain boundaries are darker than the grains themselves is that the acid used to etch the surface preferentially removes material at the grain boundaries.  This results in a sample with channels or mini-canyons running along the grain boundaries.  Along these boundaries, the light used to illuminate the sample is not reflected back into the microscope eyepiece.  This produces the observed variation in gray scales shown in Figure 5.  A digitization of Figure 5 can be stored in as a data file which contains an array of numbers where each number refers to the gray scale value for each pixel of the micrograph.  A sub-sample of the complete Figure 6 file is shown in Table 1; this sub-sample shows the gray scale values for the square superimposed on Figure 5 and exploded by itself in Figure 6.  Gray scale values range from 0 for black to 255 for white. 
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	Figure 5. Micrograph of crystals with

sub-sample shown.
	Figure 6. Sub-sample of micrograph  
shown in Figure 5.


Table 1. Digital file for sub-sample from micrograph of crystals shown in Figure 6.

	131  95  38  37  33  15  12  19  13   8  10  12  12  14   3   7  16  18 
 79 100  81  86  31  20  17  16   7  10  18  19  16  15  11  13  12  15 
 16  66  70  81  36  27  22  16   7  12  18  15  16  10  16  18   7  13 
  8  54  81 118  61  37  23  24  20  19  16   9  18   5  19  22  10  18 

 19  16  40  98  95  48  20  25  28  24  19  15  22   6  22  22  18  25 
 31  11  38 102 107  57  23  20  20  20  22  23  20   8  20  15  22  26 
 23  13  34  70  97  77  55  35  18  21  26  22  16  15  25  13  32  37 
 11  17  29  31  90 103  99  64  30  32  34  21  19  28  37  22  50  57 
 15  19  19  24  43  93  87  58  21  36  25  25  27  30  31  33  47  78 
 15  17  18  22  30  44  45  56  55  53  45  59  48  51  57  83  99 110 
 13  15  15  20  26  15  20  49  91  92  90  98 120 120 106 113  84  64 
 11  13  14  19  26  23  27  37 101 122 122 100 136 128  99  99  58  39 
 10  13  14  20  18  27  35  35  92 112 102  67  54  41  17  37  27  22 
 10  14  15  20  13  19  30  47  81  78  56  38  30  27  20  34  27  18 
 13  15  16  21  17  22  23  48  59  52  27  28  11  16  22  19  14   8 
 15  17  16  20  23  32  18  32  30  39  19  25  24  17  20  12  25  22




MATLAB Code 

Executive Function 

Your code will consist of a MATLAB executive program and a series of supporting MATLAB user-defined functions. An executive user-defined function is the main function that controls the overall order of computations and operations. This function has no input or output arguments. Your team will construct one executive user-defined function called crystalsize.m which will control the order of the computations and calls to user-defined functions. For the duration of Project II, your team will add and modify sections of this function as you complete the supporting user-defined functions. This function is to execute when crystalsize is entered at the MATLAB prompt. It will make calls to the supporting user-defined functions that your team creates. You will begin building the executive function in Lab 11.
Supporting User-Defined Functions 

Your team will construct user-defined functions that will perform the computations for the project. The executive function should route appropriate information to and from user-defined functions but perform minimal computations itself. All major computations (such as defining a line) and repetitive computations (such as counting the number of intercepts along a line) must be handled by user-defined functions. A good rule-of-thumb is to create user-defined functions for any task or computation that takes more than 8 lines of code to complete.

Clearly indicate the author(s) of each function. There should be clear evidence that each team member is contributing to the development of the code for this project. 
Required Functionality of Code 

When the user of your code types crystalsize at the MATLAB prompt, the user should be kept in the program until the user wishes to quit. This means that the user is to be allowed to run one crystal sample after another, after another without being forced to restart the program. Your team will work on this issue in Lab 12. 
Your code must be able to load a digitized micrograph. Your code must also be general enough to handle any digitized micrograph. Your team will construct this piece of the project in Lab 11. During demonstrations of your code, your team will be asked to perform an AGI analysis on a sample your team has never seen before. 
Sample Micrographs and Determination of Intercepts 

Three sample micrographs are provided for your team to work with. The digitized files are called agi_image1.bmp, alum2.bmp, and crystalAL3.bmp and are located on the engr106/ SPRING2005/PROJECTII subdirectory. Each digitized file will need to be loaded and converted to an array of numbers. This will be covered in Lab 11. Each number in the array represents the gray scale value of a given pixel. These values range from 0 for black to 255 for white. Your team will need to come to a consensus on what range of values constitute the boundary of a crystal.

No micron marker is given in these images. However, for the three sample images, the micrograph scaling is 264 pixels (either horizontally or vertically) to 100 µm (micrometers). This may or may not be the micrograph scaling for images your team will need to analyze during your lab demonstrations. The user should be allowed to provide this information.

Random Lines 

Each AGI measurement is associated with one line. The placement of the line superimposed on the micrograph must be random. Your team will begin to work on random generation of the points that mark the beginning and the end of a line in Lab 11.

Your team should set a minimum line length; any random lines that do not meet the minimum line length should be rejected. Your team will work on this aspect in Lab 12.

Reliability Considerations 

"Reliability" is defined as an ability to consistently take a measurement. This means that if your team analyzes a single micrograph multiple times, your team should arrive at (approximately) the same measured AGI value.
The AGI measured for one line is not a very good representation of the AGI for the sample since there will be a high degree of variability depending on where the random line is superimposed on the micrograph. In order to get an AGI measurement of high reliability, the mean of a series of AGI measurements using a number of different random lines should be used. Your team will need to decide how many lines are needed to attain "reasonable reliability" of the AGI measurement for a given digitized micrograph. To do this, your team will need to come to a consensus on what constitutes "reasonable reliability". 
Required Output Results 

Your code should generate easy to interpret results. 
Graphical results are to include plots: 

· Plot 1 is to include all lines used to determine the mean AGI for the micrograph overlaid on the image.

· Plot 2 is to be a plot of the mean AGI versus the number of lines used to determine the mean AGI.

· Plot 3 is to be a plot of the standard deviation of the AGIs used to determine the mean AGI versus the number of lines used to determine the mean AGI.

Place plots 1-3 in one figure window; arrange them in a 2 rows by 2 columns configuration. 

At the end of a successful AGI analysis, a series of text-based results need to be displayed on the screen. These include: 

· All user inputs (e.g. micrograph being analyzed, micrograph scaling information)

· All internally assumed values (e.g. minimum line length)

· All key results (e.g. mean AGI)



DELIVERABLES 
Part A - Week 13 (In Lab: April 14-15, 2005):
All deliverables are due at the BEGINNING of lab.  NO Late Work will be accepted.
· Each team member must have a copy of the project in his/her account before coming to lab.

· Make sure the Team number, Division/Section, and the names of the team members appear on EVERY page you submit. On the cover page, every member of the team must print AND sign his/her name. Each individual signature implies that you were an active participant in creating the document and that you have a general understanding of what is being submitted. Failure to provide a signature will imply that the respective team member did not participate in this part of the project. This team member will receive a grade of zero on this part of the project.
· Each team member is to submit a detailed Individual Time Log.  Each team member is to maintain a detailed log of all time spent on the project.  A time log form can be found by linking from the Project icon on the ENGR 106 homepage.  A sample log is also provided to show the level of detail expected.  Failure to submit a time log will result in a zero on this part of the project. Students submitting identical time logs will result in a zero on this part of the project. Students submitting almost identical time log will get 5 points deducted from their project grade. Students submitting time logs with not enough details will get between 5 – 10 points deduction from their project grade.
· Each team member must complete a Team and Peer Evaluation via your Online Assignments page. You do not need to print the evaluation, but make sure it has been submitted properly. Each team member is to assess the team's performance overall and evaluate each team member's contribution.  Please provide written comments about your team's and team member's contributions. The Team and Peer Evaluation link will be available Monday, April 11; before then your team can modify your Code of Cooperation to make it more useful to your team. Failure to complete the online Peer Evaluation will result in a zero on this part of the project.
· The team will submit electronically all the files related to the project, using Project 2-A File Submission found under Project. Failure to submit both files electronically will result in a zero on this part of the project.
Your team will demonstrate the team's crystalsize code in lab. Your code should be able to provide initial results as described herein, below, and in laboratory exercises, for a digitized micrograph never seen before. Your TA will select one team member to demonstrate the code, so every member should have access to the code and understand it. This demonstration will form part of the grade for Part A. Further, your team will submit an interim project report that includes the following items. 
Executive Summary. Write an executive summary that is more than 2 but less than 2.5 pages (1.5 spacing) to the  managers of AP Co. The summary must include a description of your methodology for computing the AGI for one random line. Your team is also to report the AGI measured for two of the three sample digitized micrographs including a description of the line used to determine the AGI in each case. The line description should include enough detail for the manager to place the line on the image by himself/herself. The summary should be written in the form of a memorandum with the following header:

MEMORANDUM

To: 
Aluminum Production Company Managers

From: 
Team #: List all members of your team

Re: 
AGI Method Software Tool - Interim Report

Date: 

Flow Chart(s). One or more flowcharts that track the progression of the AGI calculation and output of results. These should be easy for the TA to follow. However, keep in mind that flowcharting is designed to prepare you to code. Time spent thinking through a problem before starting to code will save significant time in the overall project, and flowcharts and pseudocode are important tools to organize your thinking. They should represent the line of thinking that you used as you thought about the problem before you started coding. Thus, these flowcharts will be drawn by hand and will likely contain changes, notes, and scratch-outs as you think and rethink your method to achieve the task. Grading on the flowcharts will not be based on neatness, but will instead be based on the flowcharts' appearance as working documents used during planning, rather than as a documentation of program flow developed after coding was complete.

Code and Documentation. 

· Provide a typed list of all the functions that your team has written for Part A of the Project. For each function on the list, include the name of the function, the author(s), and a brief description of what the function does. Provide a description of the inputs and outputs. Note that most of this information is to be included in the help comments of each function.

· Submit a hard copy of each function written for Part A. Be sure the correct file name appears on each page. Adequately comment your code so your TA can easily follow it.
Initial Results. 

At the end of Part A, your code should do the following (and you will test that your code can develop these results on sample data provided in Lab 12 and submit your results): 

· Load the digitized file for a specified micrograph,

· Generate one random line to super-impose on the micrograph,

· Compute the AGI (in micrometers) for that one line,

· Print plot 1 to the screen - this plot will include the image and only one random line, and

· Print all user inputs, assumed values, and key results that are associated with creating the line used in the AGI measurement. Print the name of the micrograph being analyzed. 
Your team will also submit a copy of the output printed to the screen by creating a diary for each of the two of the three sample micrographs (use the diary command in MATLAB). Please suppress printing of all computation lines before running your simulation so that the diary will not be too long. Otherwise, trim extraneous lines in the diary text file before printing the hard copy. Your output should clearly indicate which micrograph is being analyzed. 

PART A SUBMISSION CHECKLIST 

Each team member should be prepared to demonstrate the team's code from his/her account.
The team is to submit hard copies of the following items stapled together:
· Cover page signed by all members who participated in the project
· Interim report (2 to 2.5 pages) using proper grammar and following instructions
· Flowcharts that show your team's line of thinking as per the given instructions
· List of functions following the given instructions
· Printout of all your MATLAB Code with proper and detailed comments
· Printed plot of technical presentation quality for two micrographs
· Printed results from the diary for the analysis of two micrographs
Each individual is to submit a hard copy of the following item separately from the project:
· Individual Time Log 

Each individual is to submit the following item online, but does not need to print it:
· Team and Peer Evaluation

Each team is to submit the following item online (one per team):
· All files related to Project 2 A using Project 2 A File Submission
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