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ABSTRACT 

 

A Framework for Studying the Physical Degradation Characteristics  

of DVDs and their Relationship to Digital Errors 

 

Brian K. Saville 

School of Technology, BYU 

Master of Science 

 

The methods used to store data on DVD-R discs have been proven to work over the last 

15 years.  However, there has been a growing concern that these discs will be outlasted by the 

paper records they were meant to replace.  The data on a DVD-R is stored as optical contrasts 

which have the potential to be misread and even damaged.  This damage may occur either on the 

surface or internally to the disc, especially on the recording layer itself.  The literature is 

saturated with studies attempting to determine the time period in which discs may fail and what 

the general signs of the degradation are, but almost all fail to determine the fundamental causes 

of DVD degradation.  In particular, the exact connection between the physical state of the disc 

and its digital errors is undetermined.  This study undertook to develop a framework to study and 

understand this relationship.  The study also consisted of a characterization validation 

experiment involving several brands of DVD-Rs.  The framework constructed during the course 

of the research included several tools.  Due to the lack of an existing tool able to aggregate the 

gathered data, a specialized software program, called SectorDraw, was developed.  In the course 

of this study, this software tool was validated.  Additionally, it was discovered that physical 

defects should be evaluated and characterized by using a process of visual inspection, 

microscope examination, and measurements.  Although not all relationships between physical 

defects and digital errors were explored, the study established the fact that defects can directly 

cause bursts of digital errors.  This indicated that there was a connection between physical 

defects and digital errors.  It was also found that physical defects developed over time after 

treatments of artificial aging.  The developed framework was established as viable for future 

research to study specific relationships between physical defects and digital errors.  
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1 INTRODUCTION 

Digital Versatile Discs, more commonly known as DVDs, have been in production for 

almost 15 years.  As Compact Discs (or CDs) before them, the original format was extended to 

allow for recordable discs, known as DVD-Rs, to be manufactured in 1997 (Worthington 2006).  

Compared to the tried and true CDs they replaced, these discs had almost seven times the 

capacity, yet were comprised of similar materials, and worked on similar principles.  It is no 

wonder that within a matter of years, they became a primary method of digital data storage.  

However, researchers became increasingly concerned with the alarming degradation of data 

stored on optical discs.  It was discovered that even though the format seemed the archivists 

dream, DVD-Rs would be outlasted by the paper records they were meant to replace even if they 

were stored on shelves in controlled environments (Talbot 2005). 

Data on an optical disc is stored as optical contrasts.  Features on the disc either reflect, 

scatter, or absorb the light during the read process, and these differences are used to decode the 

original data stored on the discs.  The process of reading an analog signal from the disc is often 

where data has the potential to be misread, lost, or damaged.  The process is susceptible to errors, 

due to the degradation of the disc and artifacts that create interference such as objects on the 

disc’s surface or within the disc’s layers.  While this degradation and its general effect on the 

deterioration of the data have been documented in literature, there is a lack of a model available 
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to study this exact connection.  This study attempted to bridge this gap by developing a 

framework for studying the physical causes of digital errors on optical discs. 

1.1 Framework 

While much has been completed to study the lifetime estimates of optical discs and their 

failure mechanisms (Slattery, et al. 2004) (Shahani, Manns and Youket n.d.) (Iraci 2005) (Svrcek 

n.d.), it is unknown exactly which combinations of mechanisms actually lead to unrecoverable 

data.  Additionally, the nature of what data failure truly means physically is vague and almost 

completely undocumented.  The condition of an optical disc can be measured by looking at the 

difficult-to-recover and unrecoverable data on the disc, or, in other words, by measuring digital 

errors with appropriate analysis equipment.  These digital errors, which are assessed by reading 

the disc optically with a laser, have a physical foundation in the disc itself.  Very little work has 

been done or found researching these physical characteristics, which are assumed to be 

manifested mainly by defects in or on the disc.  In this study, a defect is defined as any physical 

manifestation on a disc that creates errors during the reading process.   

It is also well established that as a disc ages, the digital errors increase, but the growth or 

formation of the defects causing the errors again has barely been researched.  Frameworks for 

studying physical defects and relating them to digital errors may have been developed in 

corporate labs, but there are few, if any, published or accessible methods and models in this area.  

Therefore, this research aimed to develop, validate, and publish a framework for these purposes. 

A framework for studying the connections between physical characteristics and digital 

errors would provide the basis of further research to possibly diminish digital errors by 

addressing the root causes of disc failure mechanisms.  By applying the framework to naturally 

and artificially aged discs, comparisons may be studied to help establish a well-defined link 
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between these different types of aging.  This would potentially confirm the lifetime estimates and 

failure mechanism studies already conducted. 

1.2 Objectives 

The purpose of this research was to develop a framework for characterizing physical 

defects and relating them to digital errors.  This framework was then utilized in a validation 

study which demonstrated its effectiveness and use.  The study utilized artificial aging with a few 

DVD-Rs from several manufacturers. 

In the course of developing the framework, three questions had to be answered: 

 How should physical defects be evaluated and characterized? 

 What is the relationship between observed physical defects and digital errors? 

 How do physical defects develop over time in artificially aged media? 

Once these were understood, the framework was constructed to be able to characterize 

the defects and compare them to digital errors.  This research utilized several devices and 

programs.  Most notably, a software program was developed as part of the research to bridge the 

gap between the physical and digital realms.   

1.3 Delimitations 

This study was not designed to exhaustively catalogue and understand, at every level, the 

defects present on optical discs.  The principle objective in the development of the framework 

and the validation study was to characterize the types and effects of defects found on the discs 

rather than document all possible defects.  The validation study was not a full statistical study 

and did not compare the brands, disc types, or aging processes used. 
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In order to understand the basis of the framework developed, the applicable literature on 

optical discs, both current and past, must be reviewed. 
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2 REVIEW OF LITERATURE 

To answer the questions concerning physical defects – how they should be evaluated and 

characterized, what their relationship to digital errors is, and how they develop in artificially 

aged media – the relevant literature was thoroughly studied.  Sources both current and from the 

early days of the development of optical discs were found to be very relevant.  They not only 

helped to answer questions, but also showed the desire for and basis of a framework to study 

physical defects and relate them to digital errors.  In this chapter, the composition and data 

structure of DVDs, including error correction, optical nature, measurements, and failure 

mechanisms, is reviewed. 

2.1 DVD Composition 

The standard for the Digital Versatile Disc, or DVD, was originally developed jointly by 

companies participating in a DVD consortium in 1995.  In December 1997, Ecma International, 

formerly the European Computer Manufacturer’s Association, published the first standard of the 

read-only DVD (Ecma International 2001).  Ecma was established in 1961 to standardize 

information communication technology (Ecma International n.d.).  The DVD specification set 

clear standards for physical structure, data format, and read methodology.  Pioneer developed the 

DVD-R, or DVD recordable, shortly after (Worthington 2006).  This disc allowed for a write 

once read many (WORM) variation of the original read-only DVD.  The Ecma specification for 
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DVD-R was released in December 1998 (Ecma International 1998). This section of this thesis 

presents the basics of the physical structure of the DVD-R specification and its relationship to 

older disc formats such as CD and CD-R, and a recently developed disc that is similar to a DVD-

R. 

2.1.1 Physical Structure 

According to the Ecma specifications, (Ecma International 1998, 2001, 2008) a DVD 

measures 120 mm in diameter, with a 15 mm center hole used for clamping.  The disc consists of 

several layers of materials stacked on top of each other as shown in Figure 2-1.  Two 

polycarbonate substrates are used which are each 0.6 mm thick and the full diameter of the disc.  

The polycarbonate on the read side of the disc, called layer 0, is at the bottom of the stack.  A 

metal reflective layer such as aluminum, gold, or silver is placed in a very thin film on top of this 

and the other substrate, layer 1, is bonded to this layer with an adhesive (Birkett 2002). 

 

 
Figure 2-1: DVD Stack 

 

The materials used for this bond vary from brand to brand, but are typically ultraviolet 

curing adhesives (Birkett 2002) (Taylor, Johnson and Crawford 2006).  For DVD-R, an organic 

dye, usually azo, cyanine, or phthalocyanine, is inserted underneath the reflective layer as shown 
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in Figure 2-2 and provides the ability to record data to a disc (Worthington, 2006) (Birkett, 2002) 

(Lunt, Hyatt, & Linford, Long-Term Digital Data Storage, 2008) (Slattery, Lu, Zheng, Byers, & 

Tang, 2004).  A label is also typically placed on the top of the disc, fully covering the substrate 

except for the center clamping area. 

 

 
Figure 2-2: DVD-R Stack 

 

2.1.2 Data Features 

In the non-recordable DVD, data is contained on the reflective layer in the form of lands 

and pits in a single, spiral track.  When reading, a laser shines on the metal and the pits are 

detected by a phase shift in the reflected light as well as an amplitude difference due to the 

scattering of the light.  DVD-R differs in that the dye is changed by the laser during the write 

phase to allow the light to pass through to the reflective layer.  In this case, the marks are 

detected when reading by an amplitude difference in the reflected laser from the spots in the dye 

that are marked and those that are not, as shown in Figure 2-3.  The image shown is a CD-R’s 

recorded and unrecorded portions side by side as taken with a confocal microscope.  Due to 

similar composition as will shortly be shown, the same view of a DVD-R matches that of the 

CD-R. 
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Figure 2-3: Recorded and Unrecorded Dye on a CD-R (B. Lunt 2005) 

 

The discs are also created with a groove encoded with tracking information for writing 

and pit-like gratings for reading.  In both DVD and DVD-R, the marks are extremely small, with 

some as tiny as 0.4 um (Worthington 2006).  The total amount of data that can be stored on a 

DVD is 4.7 GB. 

2.1.3 Comparison to Compact Discs 

The design of the DVD largely resembles that of a CD, except that the features of interest 

are smaller as shown in Figure 2-4. 

 

 
Figure 2-4: Comparison of CD and DVD Feature Sizes for Read-Only Discs (Worthington 2006) 
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Another significant difference between the two formats is their substrate configuration.  

DVDs, as discussed previously, are formed from two 0.6 mm substrates, but CDs are formed by 

placing a metallic reflective layer on the top of a single 1.2 mm substrate.  Both are 

manufactured by injection molding processes, have a polycarbonate substrate bonded to a metal 

reflective layer, and use organic dyes or polymers as the recordable layer in applicable 

recordable formats (Pohlmann 1992) (Taylor, Johnson and Crawford 2006) (Lunt, Hyatt and 

Linford, Long-Term Digital Data Storage 2008).  Additionally, the optical methods of reading a 

CD and a DVD make similar use of a semiconductor laser diode focusing on the features.  CDs 

come in both read-only stamped and recordable formats.  The stamped disc uses pits just as the 

DVD does, but the size is at its smallest 0.8 um, about twice the size of the smallest DVD mark, 

as shown in Figure 2-4.  Additionally, as also shown in Figure 2-4, the track pitch for DVDs is 

smaller, which allows more tracks and therefore more features to fit onto the disc.  As a side 

effect of their smaller feature sizes, DVDs have typically possessed higher rates of errors and 

have had a shorter life expectancy (LE) when compared to their CD counterparts (Worthington 

2006). 

2.1.4 M-DISC 

A new method of DVD fabrication has recently been developed based on research 

completed at Brigham Young University and furthered by Millenniata, Inc.  This disc attempts to 

overcome the longevity shortcomings of the DVD-R format, yet remain compatible with current 

reading technology.  Instead of using organic dyes as the recording layer, marks are etched into a 

hard substance like etchings in a rock.  The rest of the disc remains largely similar to the DVD-

R, with two substrates being bonded together with a metal reflective layer between (Lunt, Hyatt 

and Linford, Long-Term Digital Data Storage 2008) (Svrcek 2009). 
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2.2 Data Structure and Error Correction 

Reading a DVD is a complicated process involving machinery, optics, analog to digital 

signal conversion, and digital signal processing.  Defects in the disc and noise can cause bursts 

and chains of errors in the read data.  Therefore, the storage format of the disc uses error 

correction codes (ECC) to fix random errors and interleaving to lessen the effects of damage to 

the data.  In order to fully understand the challenges of optically reading a disc, the DVD data 

structure and ECC use will be explained (Ecma International 1998). 

2.2.1 Data Encoding 

This section will show the transformation of the bits including error checking from data, 

audio, or video into the form used just before writing to the disc. 

2.2.1.1 Scrambling 

The data desired to be stored on the disc, called main data, is first sectioned into frames, 

which consist of identification information, main data arranged into rows, and error checking 

bytes.  A single frame is composed of 2064 bytes total, 2048 of which are main data bytes as 

shown in Figure 2-5.   
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Figure 2-5: Data Frame (Ecma International 1998) 

 

The frames are then scrambled by a well-defined procedure involving bit shifts, 

predetermined values, and exclusive OR bit combinations.  This ensures that no bits that lie next 

to each other in the original data stream remain physically adjacent when placed on the disc.  

This helps to alleviate problems with multi-bit errors in the reading process, but it still does not 

solve the problems of recognizing and correcting bit errors. 

2.2.1.2 Error Correction Codes (ECC) 

When a bit is incorrectly interpreted during the read process, there is no way inherent in 

the bit itself to know if it was originally a one or a zero.  Data redundancy is therefore necessary 

to enable the recognition and correction of bit interpretation errors.  DVDs employ a complex 

form of data redundancy that allows the original bits to be fully recovered as long as the number 

of bit errors is not too great in a close proximity. 

To do this, 16 scrambled data frames are arranged into 192 rows of 172 bytes each to 

form an ECC block.  Parity check bytes are then added to the end of each row and column.  

These bytes are calculated by a special mathematical formula from the bytes of the row or 
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Figure 4-3: Two Mark Disc Image Overlaid on PIE Errors 

 

The same results were observed using the POF error representation, as shown in Figure 

4-4.  POF errors are unrecoverable data errors, therefore they are fewer in number and in value.  

The inner mark again matched the radial band of the errors, but the outer mark seemed to just 

touch the ECC block with errors.  The marks in this figure are shown at about 45° and 225°. 

 

 
Figure 4-4: Two Mark Disc Image Overlaid on POF Errors 
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From the graphs, the bands matched precisely with the number of marks on the disc.  

Using these graphs and visual inspection, the angular and radial locations were determined as 

shown in Table 4-1 for two marks and Table 4-2 for four marks.  The tables show the radius, 

degrees from the arbitrary 0° reference point, estimated degrees from the ECC block center 

graphs, and the difference between these angles for each mark.  They also show the calculated 

average degree offset as the position that best matches all defects. 

 

Table 4-1: Two Marks Locations 

Radius Degrees Estimated 
Location 

Difference 

25 0 180 180 
52 180 60 240 

 Best Offset 210 

   
 

Table 4-2: Four Marks Locations 

Radius Degrees Estimated 
Location 

Difference 

25 0 60 60 
30 270 330 60 
45 90 65 -25 
52 180 250 70 

 Best Offset 60 

   
 

Rotating the marks in the disc view with the disc image overlay to these angles resulted 

in Figures 4-9 and 4-10 for two marks and four marks respectively. 
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Figure 4-9: Two Marks ECC Block Center Result 

 

 
Figure 4-10: Four Marks ECC Block Center Result 
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4.3 Validation Analysis 

The analysis of results consists of a review of the mark experiments, the ECC block 

center results, and conclusions. 

4.3.1 Mark Experiments 

The errors observed in Figure 4-2 are a representation of the typical errors present on any 

disc due to the laser reading process.  These errors, while at first glance appearing serious, were 

not enough to render the disc unreadable or to cause unrecoverable errors in the data due to the 

error correction algorithm.  After the first two marks were made, however, the random errors 

appeared relatively less intense than the errors caused by the artificial defects.  Bands of errors 

appeared for each defect marked.  These bands corresponded almost precisely to the marks made 

both in position on the disc and in radial size.   

Although most of the comparisons between the marks and the generated image of the 

digitally detected errors showed significant similarities, it is important to note that some 

discrepancies existed.  More specifically, the marks did not always overlap with the bands of 

digital errors precisely, often covering areas where few or no digital errors were displayed.  This 

is most likely due to either the difficulties of SectorDraw attempting to draw thousands of tracks 

in the inherently limited pixel model of the Java drawing API or a mismatched overlay of the 

disc image itself.  Although the exact reason remains unknown, on avenue of research that 

should be investigated further is that of improper cropping of the disc image.A change in the 

manual cropping process of the disc image may solve this problem. 

Another point to note is the comparison between Figures 4-6 and 4-4.  In the latter, the 

ECC block with the POF error disappeared near the outer mark.  This was unsurprising and, in 

fact, expected due to the random nature of DVD read errors as explained in Chapter 2.  In this 
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case, it was an assumption that the marks actually caused more errors than could be recovered 

from using ECC, and therefore POF errors would be present on every read of the disc.  From the 

data gathered, however, it is apparent that the outer marks did not cause enough interference to 

the reading laser to cause this behavior.  Larger marks or defects, especially those that exist 

along a single set of tracks, would cause these facts to be more prevalent.  In other words, the 

outer marks made were most likely too small to cause POF errors on each read. 

4.3.2 ECC Block Centers 

Due to the large angular length covered by each ECC block as well as the lack of a 

common reference point, the exact location of the marks was difficult to determine angularly 

when overlaid on the digital errors.  As discussed, the radii of the marks matched up with the 

radii of the tracks with the majority of errors.  Deciding at which angle the mark was positioned, 

however, presented a much more complex problem.  In addition to the fact that a single ECC 

block can cover over half the disc angularly, there was no common reference point for the 

beginning of the disc, or a 0° angle, except for the arbitrary mark made with a permanent marker 

in the center hole.  These factors made it very difficult to find the exact angle of the mark when 

only looking at the digital errors.  The problem was compounded near the center of the disc as 

the ECC blocks were longer angularly.  Some tracks which contained errors started at the mark, 

others ended at the mark, and still others contained the mark somewhere inside of them.  By 

logical deduction, it is believed that if these error-filled tracks were statistically analyzed, the 

result would show that the relative “center” of the ECC blocks would be precisely on the mark or 

defect.  This assumption formed the basis of the development of the ECC block center graph 

feature of SectorDraw. 
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Utilizing the ECC block center graph in this validation proved to be useful in obtaining 

more specific results and in demonstrating the effectiveness of the feature itself.  Decisions on 

the placement of the marks angularly as well as radially were able to occur due to the graphs 

provided by SectorDraw.  While differences still existed for angular location for each mark as 

shown in Tables 4-1 and 4-2, confidence in correct positioning of each mark increased 

drastically when utilizing this SectorDraw feature. 

Finally, it is important to note that the results showed a different alignment from one 

image to another with respect to the arbitrary 0° marked.  Figures 4-9 and 4-10 are each aligned 

to match the digital bands of errors with the respective marks, but in each case the arbitrary 0° 

appeared to switch positions.  At the very least, this demonstrates an additional layer of 

complexity that the reference point changes through each iteration of digital analysis with the 

Shuttleplex.  If this was not the case, the arbitrary 0° marked in the center of the disc would have 

stayed the same between these two images.  It was assumed at the beginning of the validation 

experiments that although the errors analyzed may change, a disc possessed a singular location 

for its first ECC block whose start could then be termed the 0° mark.  Inherent in this assumption 

was that this position would not change when another analysis was completed.  It is 

acknowledged that the problem may actually lie in how the results are outputted by the DriveAid 

software on the Shuttleplex, and not with the base assumption itself.  The true reason is 

unknown, however, and will require further research outside the scope of this research to 

determine if it is the standard or an exception. 

4.3.3 Conclusions 

The initial SectorDraw validation proved to be a success.  The software demonstrated the 

ability to map physical marks, or artificial defects, to digital errors obtained through the 
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Shuttleplex DriveAid analysis.  Radial position was able to be determined correctly by utilizing 

the disc image overlay and the error analysis.  Although determining angular position proved 

more difficult, it was facilitated by the generated ECC block center graphs.  In the end, 

SectorDraw was shown to have all the features required to successfully study the relationship 

between physical defects and digital errors.  More importantly, however, the validation provided 

essential information to understand the fundamental difficulties in studying the physical to digital 

relationship.  Angular positioning was shown to be the most difficult aspect of the entire study, 

which proved to be true for the larger study completed with actual defects and artificial aging. 

4.4 Measurements 

In order to quantify the utility of each aspect of the framework and to identify the most 

effective parts, measurements were developed.  Two major divisions were taken into account 

when creating the criteria: the ECC error types and the actual aspects of the framework itself.  

These are both explained fully, including results, in this section. 

4.4.1 Error Types 

As explained in Chapter 2, the error correction algorithms on a DVD utilize several error 

types in order to report the current status of errors on the disc.  Some of these types are more 

useful than others, and it was explained previously that PIE 8 max, POF average, and PIF Bytes 

max have been shown to provide the most unique information.  However, SectorDraw was not 

designed to highlight max and average values and instead was intended to show specific values 

of errors for each block.  Therefore it was necessary to determine the error types that presented 

the most useful information for this analysis.  The measurements that were developed to rank the 

error types and results are explored further here. 
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4.4.1.1 Measurements 

Two comparison grids were developed for quantifying the utility of the error types.  The 

first took several criteria, explained later, into account to give a rating between 1 and 5 inclusive 

which compared the error types for each disc overall.  A rating of 1 signified that the error type 

was not very useful, and a rating of 5 signified that the error type was highly useful.  Another 

grid was constructed using the same 5-point scale which rated each error type with the average 

from the first grid combined with an individual rating for each criterion specifically.  An 

important distinction to make is that these ratings were not relative as a whole, meaning that if 

none of the error types provided enough unique information for a single criterion, none of them 

would receive a 5 rating. 

Only the error types mentioned in the literature as providing unique information as well 

as any noted as providing useful information during the analysis process were included in the 

scales.  The final list of error types included in the ratings was POF, PIF, PIF Bytes, PIE, and 

PIE 8. 

The criteria used in the comparisons were chosen to reflect the utility of an error type in 

the different use cases of SectorDraw.  While by nature these criteria could be rated subjectively, 

every effort was made to rate based on objective data.  The criteria rubric used in determining 

each rating is given in Appendix A, and the general questions asked in judging each criterion is 

given as follows. 

4.4.1.1.1 Disc View 

In the SectorDraw disc view, how much useful and unique information did the error type 

provide to identify localized concentrations of errors? 
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4.4.1.1.2 ECC Block Center Graph 

In the SectorDraw ECC block center graph, how much useful and unique information did 

the error type provide to identify localized concentrations of errors? 

4.4.1.1.3 Comparisons to Defects  

Regardless of the view used, how much unique information did the error type provide 

that matched radially and angularly with observed defects?  

4.4.1.1.4 Data Over Time 

Did the utility of the information provided by the error type stay consistent through the 

iterations?  Was the information provided by the error type useful in all of the iterations or only 

in one or two? 

4.4.1.2 Results 

The results of the comparisons are shown in Tables 4-3 and 4-4. 

 

Table 4-3: Error Type Comparison by Disc 

 POF PIF PIF Bytes PIE PIE 8 

MA1 5 1 2 5 2 

MI1 4 1 1 5 2 

MI2 4 1 1 5 3 

ML3 5 1 2 5 2 

TY1 1 1 1 5 1 

TY2 1 1 1 4 3 

VB1 4 1 1 4 3 

VB2 4 1 1 5 3 

VB3 4 1 2 5 2 

Average 3.56 1.00 1.33 4.78 2.33 

Rank 2 5 4 1 3 
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Table 4-4: Error Type Comparison by Criteria 

 Disc View ECC 

Block 

Graph 

Defect 

Comparisons 

Data 

Over 

Time 

Disc 

Average 
Total 

Average 

Rank 

POF 4 5 4 5 3.56 4.31 2 

PIF 1 1 1 1 1.00 1.00 5 

PIF Bytes 2 1 1 1 1.33 1.27 4 

PIE 3 5 5 4 4.78 4.36 1 

PIE 8 2 2 2 4 2.33 2.47 3 

        

 

Both comparisons agree on the rank of each error type exactly.  PIE was measured as the 

most useful error type with POF close behind.  PIE 8 was shown to be useful in some situations 

but not all, and PIF Bytes and PIF provided almost no information independent from any error 

types.  Both showed identical information to the POF error type.  Points to note on the 

comparisons above include the 5 rating for PIE and POF in the ECC block center graph view and 

the 5 and 4 for the same error types under the defect comparisons criterion.  These were 

identified as the most useful views to use for the error types.  PIE 8 was shown to be useful in 

rare situations for both the disc view and the ECC block center graph, but overall did not supply 

much useful information.  Typically the PIE 8 disc views and ECC block center graphs displayed 

most of the disc covered in errors which did not allow localized errors to be identified. 

As discussed previously, these ratings were not relative as a whole and therefore at least 

two of the five error types proved highly useful to fulfill the goals of the framework.  Perhaps 

even more important than the quantities given above, the results precisely matched observations 

made during the analysis phase of the study.  This attests to the reliability of the gathered data. 
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4.4.2 Framework Aspects 

The framework was divided into different aspects reflecting its features, data, and 

process.  The aspects chosen specifically to study included the SectorDraw regular disc view, the 

ECC block center graph, the digital camera image and overlay, the Dr. Schwab image and 

overlay, the manually observed defects and overlay, and other SectorDraw features.  This last 

category was created to account for smaller aspects of the framework and consisted of the 

rotation and transparency control of overlays, image sets, zooming and panning abilities, and 

configuration files.  The scales, criteria, and results for each aspect are discussed in this section. 

4.4.2.1 Measurements  

Each aspect was rated by specific criteria on the same 5 point scale as the error types, 

with 1 signifying not very useful, and 5 signifying highly useful.  Again the ratings were not 

relative as a whole and therefore could be taken at face value for a measurement of utility.  The 

criteria and the comparison itself both differed from the error type comparisons.  A large 

comparison matrix was created which contained a rating for each aspect for a certain disc and a 

certain criteria.  While most of these ratings were completed individually, some were static no 

matter which disc was used.  These will be noted later on.  The criteria rubric used for each 

rating is given in Appendix A and the general questions asked to guide the ratings were as 

follows. 

4.4.2.1.1 Identifying Localized Errors 

How much useful information was provided by the aspect of the framework to identify 

localized concentrations of errors? 
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4.4.2.1.2 Physical to Digital Connection 

How much useful information was provided by the aspect of the framework to establish a 

connection between the physical and digital data? 

4.4.2.1.3 Data Over Time  

Did the information provided by the aspect of the framework change in each iteration or 

did it remain static?  Did the information provided by the aspect of the framework increase in 

utility through the iterations? 

4.4.2.1.4 Ease of Use and Viewing 

How readily visible was the information provided by the aspect of the framework?  How 

quick was the process to make observations based on the information provided by the aspect of 

the framework?  How easy was it to make use of the information provided by the aspect of the 

framework? 

4.4.2.1.5 Ease of Gathering Information 

How easy was the data able to be gathered in order to use the aspect of the framework? 

4.4.2.2 Results 

The averages and ranking of each aspect are shown in Table 4-5. 
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Table 4-5: Framework Aspect Comparison Results 

 Disc 

View 

ECC Block 

Centers 

Camera 

Images 

Dr. Schwab 

Images 

Defects SectorDraw 

Features 

Identifying 

Localized Errors 

2.22 4.33 2.44 1.00 5.00 1.00 

Physical-Digital 

Connection 

3.22 3.56 2.33 1.00 4.00 5.00 

Data Over Time 3.89 4.33 1.22 1.33 4.33 5.00 

Ease of Use 3.00 1.00 5.00 5.00 5.00 5.00 

Ease of 

Gathering 

3.00 5.00 2.00 1.00 1.00 5.00 

Average 3.06 3.51 2.60 2.00 3.83 4.10 

Rank 4 3 5 6 2 1 

       

 

The cells in italics were static ratings across all discs as discussed previously.  From the 

resulting table, it is clear that SectorDraw’s features proved absolutely essential to the utility of 

the framework.  The reason for this is that these features were utilized in every single 

comparison made throughout the measurements.  While some were used more than others, such 

as controlling rotation and transparency and image sets, all were utilized at one point or another 

in almost every comparison. 

Although decidedly difficult to gather data for, the defects and associated overlay also 

were shown to be invaluable to the framework.  The fact that ECC block center graphs were in 

the third position in rank was not surprising after making doing initial analysis with SectorDraw, 

but would have been very surprising during the development of the framework.  It was not 

expected that the graphs would become a vital tool in identifying localized errors.  The only 

reason why it was not ranked higher was due to the steps required to use this feature, including 

generating the graph and visually inspecting it for center points.  SectorDraw’s disc view also 
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was shown to be quite useful for showing how the data changed over time and for making the 

physical to digital connection. 

Unfortunately, the image overlays, including those for the digital camera images and Dr. 

Schwab images, resulted in very little useful information.  Although extremely useful in the 

initial SectorDraw validation discussed previously, actual defects were shown to be too small for 

the digital camera images to display any useful information about them.  The Dr. Schwab image 

appeared in most cases to change after writing of the disc and then stay relatively static 

throughout all subsequent iterations.  In both cases, it was assumed that they would present 

useful information to explain failure reasons beyond defects, but this assumption was erroneous. 

Finally, just as with the error type measurements, the results matched precisely with 

general observations made during the analysis of the data.  This again gives credence that the 

scales and criteria used were well fitted to objectively measuring the utility of the aspects of the 

framework. 

4.5 Examples 

The data used in measuring the utility of each aspect of the framework was also employed to 

construct a grid comparing each disc to the others with the same five criteria.  The average rating 

was calculated for each criterion and disc, and an overall average rating was then calculated for 

each disc.  The discs were then ranked based on the overall average, as shown in Table 4-6.  If 

any discs possessed the same average, they were assigned the same rating. 
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Table 4-6: Disc Rating Results 

 MA1 MI1 MI2 ML3 TY1 TY2 VB1 VB2 VB3 

Identifying Localized Errors 2.50 3.17 3.00 2.17 3.00 2.33 2.67 2.67 2.50 

Physical-Digital Connection 3.17 3.50 3.50 1.83 3.67 2.83 3.83 3.17 3.17 

Data Over Time 3.67 4.00 3.67 2.50 3.17 3.17 3.67 3.00 3.33 

Ease of Use 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

Ease of Gathering 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 

Average 3.23 3.50 3.40 2.67 3.33 3.03 3.40 3.13 3.17 

Rank 5 1 2 9 4 8 2 7 6 

          

 

This table reveals the discs that were the most well-suited to make use of the framework 

in order to demonstrate relationships between digital errors and physical defects.  Due to this 

data, MI1, MI2, and VB1, the three highest rated discs, were chosen to serve as examples of the 

functioning framework.  These were considered sufficient to achieve the objective of validating 

the framework.  It should also be noted that these discs were identified for this purpose from 

individual results obtained during the collection of the data.  In other words, the calculated data 

matched observations made during the course of the study.  In this section, the analysis 

completed on each of these discs with the error types and aspects of the framework identified as 

the most useful will be presented. 

4.5.1 MI1 

The MI1 disc exhibited the formation of large abnormalities in the disc which were able 

to be correlated with digital errors.  Although almost no defects were observed before and after 

writing, the first 12 hours of artificial aging began to reveal black spots along the outer edge of 

the disc.  After 24 hours in the environmental chamber, these spots were clearer and more 

numerous, as shown in Figure 4-11. 
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Figure 4-11: MI1 Black Spot Defects at 24 Hours 

 

Six total spots were observed, ranging from 150um by more than 1mm to well over 1mm 

by 2mm.  Every defect resided within the radii of 54.5mm to 55.5mm.  From the data collected 

as discussed in the Measurements section, POF and PIE error types were utilized in combination 

with the disc view, the ECC block center graph, the manually observed defects, and the digital 

camera image to study the physical to digital relationships.  First, the ECC block center graph 

was generated for POF errors for the 24 hour iteration as shown in Figure 4-12.  This was the 

first iteration that POF errors appeared on the disc. 
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Figure 4-12: MI1 POF at 24 Hours ECC Block Center Graph 

 

The graph shows many potential localized error concentrations, all between 50mm and 

55mm.  At first glance, it would appear that the black spot defects, lying in the angular band near 

55mm, would match with this graph at around 90°-120°.  However, making this adjustment on 

the disc view resulted in the image shown in Figure 4-13. 

 

 
Figure 4-13: MI1 POF at 24 Hours with Adjusted Defects 
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As can be observed, the radius does not match with the bands of defects very well at this 

position.  Rotating the defects in the disc view to match with the radius of the error filled ECC 

blocks resulted in an image that did not match with what was expected.  The defects were at the 

correct radius, but were in an angular band that did not contain many errors as the other half of 

the disc, as shown in Figure 4-14. 

 

 
Figure 4-14: MI1 POF at 24 Hours with Defects Matching Radial Bands 

 

It is expected that the process to manually measure the radius of the defects is at fault in 

this situation.  Most likely, the defects were actually related to the numerous errors near 270°, or 


