Data Matrix, Marshall’s Invention of the Year, tracks shuttle tiles to engine turbine blades 
By Lori Meggs

The technology that automatically identifies NASA components from space shuttle tiles to engine turbine blades has been named the Marshall Center’s Invention of the Year. 
The honored invention, called the Data Matrix Family of Solutions, includes nine patents, a NASA technical standard and handbook and an array of marking technologies used to identify, or “barcode,” product parts. 

Not too many years ago, most people had no idea what a barcode was or what the automatic identification industry was all about. Now “barcode” is a household word, thanks to most of the products we buy in grocery stores. A barcode simply identifies a product, allowing for easy tracking. 
But the markings that track a can of food are far different than technology that identifies products flown in space. There are many symbol structures other than barcodes and data matrix is probably the most common one, now frequently seen printed on the envelopes we receive in the mail.  But parts flown in space are not like envelopes or cans with paper labels so applying a data matrix for tracking requires a lot of science.  
The environment for most space parts is too hot, too cold, too abrasive or wet for labels or ink to survive. So Marshall Center engineer Fred Schramm worked to develop a survivable type of barcode. The data matrix, with its accompanying marking and reading methods, is now being planned for use NASA-wide to mark identification directly on parts that must sustain hostile environments. The Data Matrix Family of Solutions includes more than 50 parts-marking technologies and four different scanner technologies for reading the marks. One of the marking methods even involves a Marshall-developed thin film technology called vacuum arc vapor deposition, developed while learning to do weld repairs in the vacuum of space that can make a data matrix so thin that it can possibly be put on a sealing surface without affecting performance of the part.
The data matrix symbol was developed commercially in the early 1980’s by people working with the signals sent into space to find other life or with signals received from distant exploration satellites. The return signals had to be corrected if certain things in the signal were lost. This correction process formed the basis for the data matrix symbol structure and correction capability in case it got damaged. The symbol itself resembles a checkerboard. Like a barcode, it encodes data.  Data matrix is read with a digital camera type scanner instead of a laser-based scanner that is used for barcodes. While a barcode cannot be made much smaller or marked easily and read effectively on shiny metal surfaces, a data matrix symbol has no such limitations. Applying the identity of a part to its surface is the only known manufacturing process that is common to every NASA part.    

“I have been blessed to work for an employer that encourages innovation, funds good ideas, provides support and encouragement and then rewards successes,” said Schramm, the principal innovator for the data matrix technologies. “It took me 20 years to do all the things that went into this family of solutions, and every time I looked over my shoulder, a bunch of supporters were there.“ The marking processes were developed over the years with Rockwell International in Huntsville and then commercialized by Robotic Vision Systems, Inc. in Nashua, N.H. 
For the past several years support has even come from other government agencies, such as the Department of Defense’s Office of the Secretary of Defense to fund operational testing and the United States Coast Guard’s Aircraft Repair & Supply Center in Elizabeth City, N.C., for real-world test cases. Add to that the automotive, electronics and aircraft industries that adopted the data matrix symbol in their part marking standards and the commercial partners that joined the effort to build the scanners that read through paint.  
 Each year NASA tracks millions of parts, even tiny electrical parts no larger than a dime. The configuration management, engineering, logistics and business databases all depend on each part having its identity, or part number, marked directly on it. The process enables accurate linkage to the databases – one important step in ensuring flight safety. 
Just imagine a part that does not have its identity marked on it. How does it get tracked during its entire life cycle once it is installed? And just imagine those parts that have only human-readable characters on them. The process of humans writing down that information or keying it into a computer is error prone and the mistakes could be costly. The data matrix enables a mark on every part and accurate tracking. Capturing part identity in NASA operations, whether on earth, moon or Mars, should be as easy as checking out at the grocery store.      

Since 1987, data matrix symbols have been applied to more than 80 different materials, including metal, plastic, glass, paper, fabric and ceramics. Their flexibility is ideal for small and delicate items, such as those seen in electronics and aerospace components. Identification is permanent and may be read accurately for the life of a part. 
Markings can be hidden or covered by paint, cork, foam or other protective coatings. In the early 1990’s while the rest of the world limited its efforts to reading symbols that were visible, NASA began the process of developing ways to read symbols through layers of coatings using sensor-based scanners. The two most popular methods use magnetic and ultrasonic handheld scanners that can read through up to six layers of paint. 
There also is a method for incorporating chemical or “secret” barcodes in or on products for security and authentication. Now known as NanocodesTM, these mixtures of chemicals that decode to a data matrix format are being matured by some of NASA’s partners for use in carpet as well as rockets. The family of solutions now has been tapped for use in the Constellation Program – the program that will build the launch vehicles and spacecraft to carry future generations of explorers to the moon, Mars and destinations beyond. The logistics plan is being drafted and product identification that will endure the rigors of space is one of the central topics. 
“It’s exciting to know that something I started developing for NASA in 1986 is now being recognized as the usable, mature version of part identification for flight safety for the new Constellation Program,” said Schramm. “These technologies need a place to work and we finally have a home for them.”  

 The Data Matrix Family of Solutions was inducted into the Space Foundation’s Space Technology Hall of Fame in 2001. 
Schramm lives in Winchester, Tenn., with his wife June, a teacher at Rock Creek Elementary School in Estill Springs. They have one daughter, Amanda Kereakoglow, a chemical engineer with Westinghouse Electric Company in Columbia, S.C.
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A heat tile on the Space Shuttle Discovery shows a matrix square marking, at the title’s lower right corner that is still readable after 17 flights in space. (NASA)
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A Space Shuttle Main Engine turbine blade shows a data matrix mark.
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As principal innovator Fred Schramm (center) receives the award from Rex Geveden (left), Associate Administrator for NASA and David King, Director, Marshall Space Flight Center.
The writer, an ASRI employee, supports the Office of Strategic Analysis and Communications
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