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Abstract
Murgon Leather Pty. Ltd. is one of several Australian tanneries that are not able to tell if
the shipments of reject leather hides are from their tannery or another or even from
another country. The problem lies in the lack of a trace-back system with labels able to
withstand the harsh tanning process (Isaac, 2002, priv. comm., 25 September). The
Australian Government also see the value of trace-back in the tanning industry as a
means to identify and reward farmers who consistently produce high quality leather
hides. However, no effective machine-read labelling system has been developed (Tilbury,
1999).
Labels in animal hides are currently made by the Gibson Bas Stamper which punches
slits through the animal hide to produce numeric figures. These labels can withstand the
tanning process but are only human-readable (Gibson, 2004, priv. comm. 10 February).
Murgon Leather have identified problems with human error in regards to data entry and
require a machine-read system (Isaac, 2002, priv. comm., 25 September).
This study combines scientific research with Industrial Design to explore vision-based
technology such as Optical Character Recognition, digital image processing and Barcode
technology. From these technologies working principles are sought to reproduce into a
new technology that can be applied to the tanning industry.
The result is the “Leather Vision System” (LVS) which is an effective combination of
digital image processing, barcode technology and a redesigned Gibson Bas stamping
system. Finally, Industrial Design practices are applied to the LVS to ensure the hardware
will facilitate the technology, be easy to use, and is suitable to the tanning industry.
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1.0 Introduction
In 2001, the schools of Physical Sciences and Industrial Design of the Queensland
University of Technology were approached by staff from Murgon Leather Pty. Ltd. with
a problem. It is common for tanneries to receive shipments of reject leather hides from
overseas clients for which the clients have to be compensated. The problem lies in the
hides themselves; there is no effective way of establishing ownership of the hides once
they leave the tannery. The staff from Murgon Leather believed there were indications
that one such shipment did not originate from their tannery. However, due to the
difficulty in proving this it was considered easier to pay the $300,000 compensation fee
than argue with the client. This was only one of several problems Murgon Leather and
other Australian tanneries face due to the lack of a trace-back system for leather (Isaac,
2002, priv. comm., 25 September).
Trace-back is a method of facilitating quality assurance (QA). It is used by most
producers to maintain records of their products in order to:
•

Account for variations in quality by keeping track of product constituents and
manufacturing conditions

•

Respond to customer complaints with meaningful information

•

Prevent mistakes and disruptions by keeping record of what caused them and
avoiding those causes in the future.

The key element to trace-back is the QA label on the product. This holds information
such as a batch number, product number and manufacturing date. Often, most of this
information can be contained in a barcode or similar machine-read reference. When a
product is found to be defective it is easy for the manufacturer to use this information to
match up with their records and thereby track down the cause of the problem. Much
information can be stored in labels such as barcodes which then require a suitable reader
and decoding system to extract the information. There are, however, other methods of
labelling that offer similar capabilities. These are:
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•

Magnetic strips (eg. On the reverse of credit and debit cards)

•

Punch codes (as used on voting cards in America)

•

‘Bump codes’ (as can be found on the bottom of many bottles and jars)

•

Resonating strips (as used on library books for security purposes)

•

Signal emitting chip and antennae arrays (as used in packaging of software and
magnetic data storage devices) (Tomka, 2004)

These forms of coding are read by devices capable of responding to the physical or
magnetic deformations on the product, the resonated or emitted signal and software to
decode the signals generated from the various readers.
The process of tanning animal hides to make leather is extensive and intense both
chemically and physically. Currently there is no machine-readable labelling system able
to withstand the tanning process so a new technology must be developed specifically for
the tanning industry. Developing this technology requires scientific experimentation to
establish working principles on which a labelling system can be based. Once the working
principles are established the hardware will need to be designed and built. The practices
of Industrial Design can then be employed to ensure the hardware not only facilitates the
technology but is also useable, robust, suitable to the application and can be
manufactured within a given financial constraint.
Gibson Bas Hide Systems have devised a labelling system for animal hides in tanneries
that is relatively successful. However, this label system is only human-readable and,
therefore, prone to human failings. Vision-based software has been developed to ‘read’
the Gibson Bas labels but its complexity and cost is so great that it is considered
unaffordable (Gibson, 2004, priv. comm. 10 February).

1.1 Trace-Back in Animal Products
Animals, both domestic and livestock, are ‘labelled’ or tagged in order to establish
ownership. The most common methods used for this are:
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•

Branding (burning symbols into the hide of the animal, thereby creating a
permanent scar).

•

Embedded identification chips in the skin (similar to the chip and array system but
only read at relatively close range).

•

Ear tags (displaying an identification number and/or barcode).

•

Resonating strips (encased in acid-resistant material and swallowed by the animal
to remain inside the body) (Tomka, 2004).

•

Genetic code tracking (a more recent method being used to trace meat products
back to the originating farm) (Allflex Australia, 2004).

1.2 Trace-Back in the Tannery
Leather products, at present, do not have an effective labelling method and therefore no
trace-back. This is not due to a lack of value in the leather product industry. On the
contrary, the Meat and Livestock Australia (MLA) and the Textile, Clothing and
Footwear (TCF) Branch of the Department of Industry, Science and Resources have
invested around $2.6 million in activities to improve the quality of Australian cattle hides
since the implementation of the Hide Improvement Program (H.I.P.) in 1993 (Tilbury,
1999).
Murgon Leather (tanning company) in association with the MLA, Meat Research Corp
and Australian Association of Leather Industries collaborated to establish an industrywide Hide Improvement Program (H.I.P.). The process was to identify hides at the
abattoir, corresponding to their carcass number, and trace them through to graded wet
blue tanning. Murgon Leather (2001) states that “this information was then to be passed
back to the cattle producer in order to improve husbandry practices on the grazing
properties. Brand positions, parasite inoculation, and scratch reduction are positive issues
that have been addressed through the feedback initiative, culminating in improved
grading in Australian Hides”. The system was relatively successful but not implemented
due to lack of support from abattoirs and the hide identification methodology having a
less than acceptable retrieval rate (Tilbury, 1999).
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Murgon Leather used a hide labelling system developed by Gibson and Bas that punches
holes through the leather in a pattern to form alphanumeric symbols. This proved to be
problematic as the marked areas ‘tore out’ and frayed during processing, making them
unreadable. The labelling device was then updated to punching slits rather than holes.
This has proved to be a viable solution as the labels were less prone to fraying (Isaac,
2003, priv. comm. 5 June).
Even with the improvements the alphanumeric labelling system had substantial
limitations:
•

Increasing the number of variations of an alphanumeric label means increasing the
number of characters. Each character requires space on the hide surface and, once
labelled, the marked surface area cannot be used in manufacturing leather
products. Therefore a greater number of characters mean less saleable hide area.
In order to counter this situation the hides were labelled with a batch number
rather than an individual number for each hide.

•

Human error is identified as a common problem. Palmer (1989) notes that human
controlled data entry has an error rate of around one error in every three hundred
characters. Two examples of the types of errors encountered in the tannery are: 1)
“23” could be read as “32”, and 2) a slip of the finger by a tired or distracted
worker could mean the wrong number is keyed into the database.

•

Time inefficiency due to human limitations when locating, reading and entering
the code. Again, this is not quantified but it is generally accepted that human
operators are not as efficient as machine operated systems.

•

A recurrence of human error problems due to multiple human-controlled read and
data entry points. Not all hides receive the same chemical treatment, colour or
finish. Therefore, hides are separated at different points during processing. At
each separation point they need to be correctly identified and entered into a
process monitoring system. It is at these information entry points that errors can
occur and re-occur (Isaac, 2003, priv. comm. 5 June).
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1.3 Trace-back in the abattoir
Animals enter the abattoir where they are slaughtered and butchered. The hides are
removed (a process known as flaying), washed, “fleshed” and “cured”. From there they
are packed (or piled) onto pallets and sent to the tannery for processing. Any tagging (ear
tags mainly) are attached to the hide to be passed on to the tannery. No further labelling is
applied and often the tags come off during this process, sometimes tags have been
previously removed by feral animals or some other means.

1.4 The tanning process
The tanning process varies from tannery to tannery with each business developing its own
variation and providing its own individual product (such as type of animal and
application of product eg. industrial or luxury items). Tanning techniques also vary due to
weather, or climatic conditions, economic and technical considerations and individual
‘artistry’ of the tanning craft. There are, however, four main methods of commercially
tanning leather: vegetable tanning, using synthetic tannins, using aldehydes and chrome
(or wet blue) tanning. All have the primary purpose of preserving the fibre structure from
bacterial attack (Humphries, 1966; Thornstensen, 1969).
Thornstensen (1969) describes the tanning process as a three step process.
1. Removal of unwanted components, hair, fats, etc., leaving a network of fibres of
hide protein.
2. React the network with tanning materials to produce a stabilized fibre structure.
3. Build characteristics of fullness, colour, softness, and lubrication onto the tanned
fibres and then to finish the fibre surface to produce a useful product.
The chemistry of the hide protein and the chemistry of the tanning materials
determine the reaction of the tanning process.
Although fleshing and salting are often done at the abattoir they are important steps in the
tanning process. The general tanning process is described below:
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•

Fleshing: Fleshing is the process by which excess fat and dirt is removed by a
machine that ‘scrapes’ rotary blades evenly over the flesh side of the hide. Often
the fleshing is not done at the abattoir (as mentioned above) but left until the hides
reach the tannery. It is important to flesh the hides well so the chemistry of
tanning is more efficient as it does not have to dissolve too much of the unwanted
proteins and other materials.

•

Salting: This is when hides are covered in a thick layer of salt as a preservative
against bacterial decay, and for dehydration. One method uses brine which is a
salt solution of around 30-40% concentration at temperatures below 17º C. This is
not common is Australia, instead dry ocean salt is applied directly to the hides. An
understanding of skin structure aids understanding the importance of salting.
Thornstensen (1969) states “we may consider the hide to be made up of (1)
fibrous proteins, keratin, collagen, and elastin, (2) the soluble or soft proteins,
albumins, globulins, mucoproteins, and soft keratins, and (3) the fat components
of the body, both physiological and fat storing. Of these materials the most
resistant to chemical and bacterial attack are the fibrous proteins, hair and elastin.
The next most resistant is collagen, the least resistant are the mucoproteins, the
albumins and the globulins. The soft body fats are also subject to bacterial decay”.

•

Washing: this is to remove much of the excess salt and any dirt, dung or other
foreign matter that may affect the hide or chemistry of tanning.

•

Soaking: this process is lengthy and can take up to 48 hours. The purpose of this
process is to ‘rehydrate’ the hides after the salting process, making them supple
and less likely to be damaged by any mechanical action during the tanning
process. This not only removes salt from within the fibres of the hide but also
some of the other unwanted components such as blood and coagulated proteins.
Some tanners use additives and disinfectants in this process to prevent fibre
breakdown due to bacteria and to aid in the unhairing of the hides.

•

Unhairing: the liming (or unhairing) process prepares the hair for removal by
loosening it. This also prepares the hide for tanning by dissolving out proteins and
mucopolysaccharides from between the fibres (Humphreys, 1966). According to
Thornstensen (1969) “many unhairing systems in practical use are based on a
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balance between sodium sulphide, sulfhydrate, dimethylamine sulphate, and
sodium hydrosulphite to produce rapid, efficient unhairing systems with
controlled swelling”. The loosened hair is then removed by a machine that runs
rotary blades over the hair side of the hide (much like that used in fleshing). This
not only removes the hair but also the epidermis.
•

Deliming: after the hair is removed the unhairing (or liming) chemicals must also
be removed and the pH lowered to a suitable level for bating. The pH of the
unhairing process is around 12. The lime acids (unhairing chemicals) are removed
by applying buffering salts at a pH of around 5 – 8. The swelling of hide fibres at
this stage need to be controlled to maintain minimal uniform swelling throughout
the hide. After the skin has been thoroughly delimed, the skin can withstand
mechanical action. According to Thornstensen (1969) the solubilization of the fats
is affected by the deliming procedure. In liming, the free fatty acids of the hide
fats are converted to calcium saps of very limited solubility. Detergents are
sometimes required when working heavy cattle hides to remove the higher
incidence of fats.

•

Bating: enzymes of fungal, bacterial or pancreatic origin are used to dissolve any
remaining hair, fat and other unwanted proteins from the hide. The temperature of
this process is usually controlled to around 27-33º C. and can take up to three days
for thicker hides. Once the bating process is completed the hides are washed with
cool water to slow the enzyme action and remove them along with any other
waste substances. The hides are now able to withstand mechanical action.

•

Pickling: the previous steps in the process have all been dealing with removal of
unwanted components. The hide at this stage should be a purified network of
protein (mainly collagen) in which the tannins are to react. Pickling prepares the
fibre proteins for tanning by lowering the pH to around 2.0 or lower with acid.
But first the hides are soaked in a salt solution (around 3-5% concentration) to
reduce osmotic swelling.

•

Tanning: there are several different types of tannins and each have differing
effects on leather to each other. Some of the tanning agents are syntans (man-
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made chemicals), formaldehyde, glutaraldehyde, and heavy oils. But on a
commercial basis vegetable and mineral tanning are the most popular.
o Vegetable tanning: For industrial strength leathers (used as leather
washers, machine drive belts and shoe soles) vegetable tanning is used.
This is the oldest form of tanning utilising tannins extracted from the bark
or woods of specific trees. The finished product, however, is flat,
relatively hard and intolerant of temperatures. This temperature
intolerance causes the leather to shrink when exposed to relatively low
temperatures, i.e. less than 100º C.
o Mineral tanning: For the more popular softer leather, mineral tanning is
used. There are several mineral tannins including zirconium and alum but
the most widely used tanning agent is sodium dichromate (Na2Cr7O7H2O),
from which chromium sulphate is produced. The pH in chrome tanning
must be strictly controlled. If it is too high, the leather may be plump,
loose, dry and may have a drawn grain. The optimum pH is around 3.4 to
3.5.
•

Fatliquoring: The preliminary processes remove most of the natural oils from the
skin. The hide, therefore, no longer contains sufficient lubricants to prevent it
from drying into a hard mass. Fatliquoring is the process by which lubricants are
applied to the leather to make it more supple and/or water resistant. The leathers
are treated with emulsions of lubricating oil in a water system, then the leather is
dried, leaving the lubricating oils within the leather fibres. (Thornstensen, 1969).

•

Dying: Dying or colouring leather usually requires tumbling in drums containing
a solution of dye liquor. The ratios vary according to the required colour and
thickness of the hide. The drums used in this process are usually smaller than that
of tanning. Dying can also be applied to one side of the leather hide by brushing
and usually requires two or three coats. (Thornstensen, 1969).

•

Finishing: The term ‘finishing’ covers many processes that alter the surface of the
leather to give it aesthetic and functional properties. Among these processes are:
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o Painting – paint is literally sprayed onto the leather for colouring and
water proofing.
o Embossing – large presses are used to press the leather into an embossed
template.
o Coating – synthetic coatings of various types are sprayed onto the leather
to form a smooth and waterproof surface.
o Buffing – abrasive rollers are run over the leather to lightly scratch the
fibres so they become loosened creating a velvet-like finish.
•

Splitting: Thicker hides, such as bovine hides, are often split into layers or to a
uniform thickness throughout. The splitting machine runs a blade parallel to the
surface of the hide cutting it to thinner versions of the original.
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2.0 Labelling Methods
The tanning process is very effective in removing unwanted material and substances from
the hides’ fibre matrix. Therefore it would be difficult to mark the hide with such
methods as tattooing and electronic responding devices. Such devices could be made to
survive the tanning process but would be ineffective after splitting the hides. Plastic tags
are currently used to label the live animal and are then transferred to the hide at the
abattoir. These tags can withstand the chemicals but not the mechanical actions of the
tanning process.
Originally, the Gibson Bas stamping system marked the hides with round holes which
tended to fray and tear. This was later reengineered to mark the hides with slits rather
than holes which proved to be an effective solution to the problem of fraying as the slits
maintained their size and shape more than the holes and were more readable. Although
the new label is resistant to damage in the tanning process, it is not machine-readable and
therefore prone to the same problems associated with human operated systems. In regard
to human operated data entry systems, Palmer (1989) states “Studies show that the error
rate with this technique is approximately 1 error for every 300 characters entered.” He
also notes that “every data transaction requires that a human operator be involved,”
indicating the inefficiency of this method of data transaction.
As the slit stamping method is the most successful way of labelling animal hides it would
seem logical to research the development of a system to read applied codes mechanically
or electronically.
There are several avenues for exploring machine readable methods, such as mechanical
interaction with the marked areas and interaction with compressed air (or vacuum as used
in Pianola music). For expediency purposes, only vision systems (optically deciphered)
were chosen. The methods chosen were optical character recognition (OCR), and
barcodes. These methods were chosen because they are commonly used and have
relatively low error rates.
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2.1 Optical Character Recognition (OCR)
Optical character recognition (OCR) is a two-dimensional technology that uses a highly
stylised printed font that is both human and machine readable. To decode the printed
characters an OCR scanner examines them in both the vertical and horizontal axes.
Palmer (1989) states that “When used to read pages of OCR-printed text, an automatic
page scanner can quickly capture all of the data, while exhibiting an error rate of 1
character out of approximately every 10,000 scanned”.
Palmer (1989) also states some of the difficulties associated with an OCR system,
especially when using a hand-operated scanner to read documents and labels. Some
operator skill is required which means unskilled operators often have a first read rate of
less than 50 percent. A first read rate of 80 percent or more can be achieved by suitably
trained operators using good quality labels.
In the mid 1970s, the National Retail Merchants Association (NRMA) selected OCR as
the standard automatic identification technology. However, the use of OCR declined due
to:
•

Low first-read rate with semi-skilled operators.

•

Lack of an automatic omnidirectional OCR scanner for checkout counters.

•

High scan error rate (1 in 10,000 character entries) (Harmon, 1994) compared to
bar code (1 per 3000,000) (DataID Systems, 2003).

•

Heavy inroads made by bar code technology (Palmer, 1989) (DataID Systems,
2003).

The characters created by the Gibson-Bas stamping system do not resemble conventional
fonts when converted to a digital image. Some image manipulation would be required to
make the characters machine readable by an OCR method. These factors alone make
OCR unsuitable for this research. Some experimentation is required to confirm this
matter.
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2.2 Barcodes
As the slits made by the Gibson-Bas stamping system appear similar to lines or bars, it
seemed possible to convert the markings into a variation of a barcode. Therefore,
investigation into barcodes and methods of reading such markings is required.
Palmer (1989) states that “the barcode has become the dominant automatic identification
technology.” Most likely because “Bar code systems can offer very high data security;
the Scanning Error Rate (SER) can often be better than 1 error in 1 million characters.
The first-read rate is usually better than 80 percent, and many automatic scanners
increase the perceived scanning success rate to almost 100 percent.” Also; “it is
inexpensively printed by a variety of techniques and offers high data security.” And “a
wide range of reading equipment is available to suit all imaginable applications”.
The simplicity of barcode technology, and the principles used to read the barcode, “has
lead to the availability of effective yet low cost handheld scanners and high performance
fixed scanners that can read bar code symbols from a distance of several feet on objects
moving hundreds of feet per minute” (Palmer, 1989).
Referring to Figure 1, Harmon (1994) depicts the basic principles of barcode reading. As
a light beam passes over the bars and spaces of the barcode, “a scanning detector
successively looks at points on a bar code symbol on some path through the symbol (top).
An electronic signal (bottom) is generated corresponding to the wide (W) and narrow (N)
spaces and bars. The width N of a narrow bar or space is commonly referred to as the X
Dimension, or simply X”.
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This image is not available online. Please
consult the hardcopy thesis available from
the QUT Library.

Figure 1. The basic principles of barcode reading (Harmon, 1994)

The value of the X dimension is used as a reference in comparing the widths of all the
elements of the barcode symbol (Palmer, 1989).
Palmer (1989) defines a barcode symbol as “a parallel arrangement of varying width bars
and spaces. “Symbology” is the term used to describe the unambiguous rules specifying
the way that data is encoded into the bar and space widths”. Similarly, Harmon (1994)
defines ‘symbology’ as “a set of rules for encoding information in a bar code symbol”.
The characters used in a given barcode symbology are not necessarily only numbers.
Palmer (1989) defines the range of data characters in a given barcode symbology as a
“character set.” He states that ‘numeric’ symbologies can encode only numbers, some
symbologies can encode alphanumeric information, while others support the entire 128
unique codes of the ASCII character set .
Harmon quotes the American National Standards Institute’s definition of a barcode
symbol as “an array of rectangular bars and spaces which are arranged in a predetermined
pattern following specific rules to represent elements of data that are referred to as
characters. A bar code symbol typically contains a leading quiet zone, start character
(pattern), data character(s) including a check character (if any), stop character (pattern),
and a trailing quiet zone” (American National Standards Institute, Harmon, 1994).
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Since its inception in the 1940s the barcode has developed into dozens of different
symbologies. Each symbology contains most, if not all of the components listed in the
definition by the American National Standards Institute.
The ‘quiet zones’ are spaces before (leading) and after (trailing) a barcode. Harmon
(1994) describes the barcode reading process thus: “As the detector is moved from the
leading quiet zone through the printed symbol and into the trailing quiet zone, the
transitions from light to dark and dark to light are detected. The length of time the
detector “sees” a light or dark area between transitions is converted into a digital
representation (ones and zeros) of the printed bar code message as perceived by the
detection method of the scanner.” The digital representation is then translated into the
message that was encoded in the barcode. This also provides reference for the reading
device in the form of “what a space is going to look like and in contrast what the lightest
bar should look like”.
The start character or pattern is the first group of bars and spaces following the leading
quiet zone. Depending on the symbology used it can give the scanner specific reading
instructions. These include the reading direction, the width of elements (spaces and bars),
and if “auto-discrimination” is used it can define which symbology is being read. The
stop character or pattern is placed before the trailing quiet zone and contains instructions
to conclude the symbol’s message (Harmon, 1994).
Data characters are patterns created by bars and spaces of varying widths that are read by
the symbol scanner as alpha-numeric characters. In most commonly used symbologies
there is a ‘check character’ or check digit. This is often the last character in the character
string preceding the stop character. The check character is not part of the product
identification code but is created by an algorithm using the values of each number
character preceding it.
As an example, the Australian Product Number (APN) system calculates the check
character using the modulo-10 algorithm via the following steps:
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Step1: starting with the digit on the right of the number, (excluding the check
digit) sum all the alternate digit values, reading from right to left.
Step 2: multiply the result of step 1 by 3.
Step 3: sum all the remaining digit values.
Step 4: add the result of step 2 to the result of step 3.
Step 5: the modulo-10 check digit is the smallest number which when added to
the result of step 4 produces a multiple of 10.
(Australian Product Number Association Limited, 1979).
The purpose of the check character is to verify that the symbol is read correctly by
comparing it to the other characters in the symbol. Misreads can occur due to printing
defects, interference by dirt or moisture and/or surface deformations in the medium the
barcode is printed on. By using a check character the symbology becomes self checking,
thereby virtually eliminating data errors, whether scanned or keyed.
There are two general categories of barcode symbology: discrete and continuous. With
discrete symbology each character stands alone, separated by a loosely-toleranced
intercharacter gap that contains no information. Figure 2 is an example of a discrete
symbol.
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Figure 2. Discrete barcode characters

Figure 3 shows an example of continuous symbology which has no intercharacter gaps.
Each character starts with a bar and ends with a space (or gap). The end of a character is
indicated by the start of the next character (Palmer, 1989).

This image is not available online. Please
consult the hardcopy thesis available from
the QUT Library

Figure 3. Continuous barcode characters

Continuous code requires less symbol length; therefore more information can fit into a
smaller area. Discrete code, with its loosely toleranced gaps, can be printed with less
concern for the printing technique and the medium on which the code is applied. Data
security is not affected whether the code type is discrete or continuous (Palmer, 1989).
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Within each barcode symbology there are specifications or standards which describe how
the information is arranged in the barcode symbol elements. The barcode standards also
specify parameters such as printing tolerances (in relation to the value of X), optical
properties (minimum and maximum allowable reflectivity of the symbol’s spaces) and
defect tolerances (Palmer, 1989).
The steps required to decode a bar code symbol are listed by Palmer as:
1. Determine the widths of each of the symbol’s bars and spaces.
2. Quantize the element widths into a number of levels appropriate to the symbology
being used.
3. Ensure that the quantised element widths are consistent with all of the encodation
rules for the symbology. Compare the pattern of quantized element widths to a
table of stored values for that symbology, and determine the encoded data.
4. If necessary, reverse the data order. The reading direction is determined by
examining the start/stop characters.
5. Confirm that the valid quiet zones exist at both ends of the symbol. (Palmer,
1989).
The most commonly used bar code reading devices use an illumination system and
optical sensors. The sensors read the reflected light and transmit the reflection sequence
as a signal, which is then converted to computer-compatible digital data. This data is then
decoded by a computer.
Camera based readers are the most recent means of reading barcodes. A digital camera
takes an image of the barcode, the image is processed by sophisticated software and then
analysed to decode the barcode. As with all bar code readers, the clearer the image the
more accurate the reading. The image must also include clear margins or 'quiet zones" at
either end of the printed symbol (TAL Technology, 2004).
With the development of camera based barcode reading there is no longer a need for
specialist scanning equipment. It is now possible to download software from the internet
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with which a simple digital camera and laptop computer can be used to read a barcode
(Lead Technologies, 2004).
By using a camera based reading system, it may be possible to convert the markings
made by the Gibson Bas Stamper into a machine readable image, thereby creating an
electronic referencing system similar to OCR or barcodes.
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3.0 Experiments on Hide Samples
Samples of tanned and untanned hides were supplied by Murgon Leather Pty. Ltd. for
trials of the labelling concept. Several of which were marked with the Gibson Bas label
system. Different approaches to reading the label markings were tried.
The hypothesis of the following experiments is that a digital image of the conventional
label could be made computer-readable by processing the image into a less complex
image file and applying ‘reading’ software. The expected result of this is to establish a
reliable image processing procedure that can be applied to digital images of the labels for
the purpose of automatic reading.
The labels (or markings) consisted of numeric figures formed by what appears to be
specifically placed cut marks that penetrate the hide. Figure 4 shows a sample of a batch
number made by the Gibson Bas Stamper. In this example a column of three horizontal
lines indicate the beginning of the label and the orientation at which the label is to be
read. The batch number in this example is “09”. The dimensions of the label are:
approximately 12 – 14 mm between slits (both vertical and horizontal) and approximately
20 – 23 mm total character height.

Markings to denote beginning and
orientation of label.

Label (batch number) = 09

Figure 4. tanned leather sample displaying label markings
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3.1 Image Processing
Image processing is required to make a digital image ‘readable’ to a computer. This is
done by removing extraneous information and enhancing the remaining information.
This, in turn, will make it more distinguishable to software designed to detect image
variations.
Several images were made of two of the supplied samples using a digital camera. Table 1
lists the details of the camera and image files.
Brand

Kodak

Type/model

DX3700

Digital zoom

x2

Image size

720 x 480 pixels

Image resolution

72 dots per inch (dpi)

File format

JPEG

Number of bits

24

Colour type

RGB

Table 1. Details of the digital camera used in experiments.

The camera was mounted on a tripod and the leather samples were placed on the floor
beneath the tripod (an approximate distance of 500 mm) and photographed twice, once
using a flash and once without flash. The purpose of this was to determine what effects
the different light sources had on the final image.
The images were transferred to a computer using a ‘built in’ transfer protocol within the
Windows XP® system operating platform.
Each image was then digitally manipulated using Adobe Photoshop® and after each
manipulation process the image was saved with a variation in the file name to depict the
processes that were applied. The abbreviations of the processes and their descriptions are
listed in Table 2.
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Abbreviation

Description

F

Image taken using flash.

Nf

Image taken using no flash.

C

Cropped to marked area.

G

Converted to grey scale.

Ac

Auto contrast (automatically enhance the contrast between light and
dark areas of the image).

Crc

Colour range and clear (a sample of grey was copied from the image
and used to auto-select similar shades of grey with a colour variation
selection tolerance of 70%. This is understood to mean that the selected
colour and those within a 70% colour variation were selected for
manipulation. The selected coloured pixels were cleared of all colours,
leaving them as white).

Bm

Changed to a binary image with a 50% tolerance threshold.

Tc

‘Trace contour’ applied (level 100).

T

Threshold (a method of converting to a binary image without a preset
colour threshold).

Table 2. Abbreviations used in naming images and their descriptions

The purpose of applying the image processing steps was to devise a preset list of
processes to be automatically applied creating a suitable image for vector tracing using
Corel Trace® version 11. The vectorised image was then to be “read” by optical
character recognition (OCR) software.
NOTE: all images were converted to the “.gif” format to enable the image file to be read
by Scion Image® digital image processing and analysing software.
Figure 5 shows a sample of one of the final images.
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Figure 5. a sample of a processed image

Initially the method used to create the binary image was to crop (c), convert to grey scale
(g) and apply threshold (t). The results appeared usable but required differing threshold
levels for each image. This was not acceptable as the aim of the project was to produce a
concept that could read digital image data and process it into a digitally readable format.
Individual image process settings require a certain amount of ‘tweaking’ to produce
uniform results. This, although possible, was not considered practical.
To achieve a suitable ‘batch’ of images it was envisioned that preset processes were to be
applied to each and every image. The first attempt at this was done by applying trace
contour (tc). The results were not uniform and varied from just suitable to not visible at
all.
It was then decided to apply a range of processes to a number of images and note which
processes produced consistently suitable results and the order in which they were applied.
The chosen processes and their order are described in Table 4.
Crop the image (c).

Convert to greyscale (g).

Apply ‘auto contrast’ (ac).

Select a colour range and
clear (delete) it (crc).
Convert to black and white
(binary image) (bm).
Table 3. The selected image altering processes and their abbreviations
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This process format is depicted by the abbreviations: c, g, ac, crc, bm in the image file
name.
An example of the file name is: “09nf_c_g_ac_crc_bm.gif” (the ‘nf’ indicates the image
was taken without using a flash).

3.2 Vector Tracing for OCR Purposes
The purpose of vector tracing is to create a bitmap format of the markings that can be
easily converted into machine readable fonts.
The vectorising software used was Corel OCR Trace® version 11 and the settings used to
vector trace the image were:
Node Reduction – 100% (it is understood this means the maximum number of nodes were

deleted from the generated vectors). Nodes are editable points through which a line
passes. Reducing the number of nodes simplifies the line by reducing the number of
points through which the line passes.
Iteration – 20 (repetitions of the selected process. A relatively conservative value was

chosen with no visually discernable difference to the results).
Figure 6 depicts a typical vectorised result with the vector lines ‘thickened’ to make them
more visible on the screen. The vector tracing was performed with the ‘centreline’
method. This means the vector tracing was performed by calculating the middle of the
pixel area so that the vector generated is ‘centred’ along the calculated axis. In contrast,
‘outline’ tracing places the vectors around the outer perimeter of the group of pixels.
The vector files have the extension of ‘.cmx’ which is the native file type for Corel OCRTrace®.
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Figure 6. Vector traced image using centre line tracing method

All vectorised bitmap images were created by exporting the vector file to a .gif format
using Corel Draw® version 11.
Figure 7 depicts the result of ‘outline trace’ image vectorising and the abbreviation ‘ol’
was added to the file name for easy reference and distinction from centreline vectorised
images.

Figure 7. vector traced image using outline tracing method

It was noted that the software that was used was incapable of performing ‘line
interpolation’. That is, it could not interpolate the extension of a centreline vector graphic
to a given distance and join it to another line within that preset distance.
From Figure 6 it can be seen that even with line interpolation capability it would be
difficult to create a readable font. Because of this, and the OCR read error rate mentioned
in chapter 2.1, the above experiment confirms that OCR is not suitable for this research.
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3.3 Creating a Unique ‘Signal’ from Imagery.
It was noted that some image analysis software can generate a unique ‘signal’ from a
digital image in a similar manner to barcode reading technology. This chapter explores
the potential of image analysis software to create a barcode-style signal from digital
imagery,
Scion Image® was used to generate a ‘density profile plot’ using the Plot Profile
command. Figure 8 is a screen capture of an initial test of the ‘density profile plot’.

Figure 8. The processed image of the marked area and a density profile plot

It was noted that the density profile plot was similar to a plot of an analogue signal from a
barcode reader. Further investigation into density profile plotting was required in order to
propose a variation of the current labelling system that may effect an automatic reading
system very similar to a barcode.
By varying the width of the ‘Line Selection Tool’ the density profile plot alters. Figures 9
and 10 depict the same image with the maximum and minimum line selection tool widths.
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Figure 9. The processed image of the marked area and a density profile plot with the line selection tool at
maximum width.

Figure 10. The processed image of the marked area and a density profile plot with the line selection tool at
minimum width.

It was noted from the above test that the maximum line selection width produced a more
suitable result (i.e. more even peak values and more individual peaks compared to Figure
10). From here it was decided to test what effect the image differences had on the density
profile plot results, in particular, the use of a flash when creating the images. This is
because the flash may give an idea how a ‘direct’ (overhead) light-source may affect the
profile plot values. Figures 11 and 12 show the same image subject taken with and
without using a flash as well as the resulting density profile plots.

Figure 11. Processed image taken using a flash with resulting density profile plot
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Figure 12. Processed image taken without using a flash with resulting density profile plot

Figure 12 shows more distinction in the density profile plot than Figure 11.
The differences in results indicate that more even peak values are obtained without using
a flash. However, the peak values are less than that obtained using a flash.
This indicates that lighting has a significant effect on the image and further research is
required.
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4.0 Bar Code Concept
The above results seem to indicate their may be some merit in converting a digital image
into a barcode-like code. A conventional barcode cannot be applied to a hide surface as it
would not withstand the tanning process. However, the principles of barcode reading can
be applied to markings on the hide where the spacing of the cuts can be used to encode
“0”s and “1”s.
More cuts were made in the leather to create a barcode-like pattern. This is to see if it is
possible to reconfigure the marked area to resemble a barcode label. Figure 13 shows the
leather and the cuts created.

Figure 13. A leather sample with additional markings

Images of the cut piece of leather were processed using Corel Photopaint® version 11.
The processing steps taken were:
1. Crop image.
2. Convert to grey scale.
3. Apply ‘Auto Equalise’ (automatically enhance shadow and highlight detail
by performing a flat equalisation on the image. This redistributes the
significant pixel values of the image through the tonal range).
4. Save image.
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Scion Image® was then used to generate a density profile plot. Figure 14 shows the
image and the generated density profile plot.

Figure 14. The processed image of 'barcode' cuts and density profile plot.

This test showed how simple it could be to effectively create a barcode-like ‘signal’ from
a digital image. Since all that is required to convert the density profile plot into numeric
values is specialised software, this could be taken as proof of concept.
Hypothesised code:
If the above image were a barcode it could be said that there are 9 bars and therefore 8
spaces. This is, therefore, an 8 bit code. If, for example, a close separation is ‘1’ and a far
separation is ‘0’, the above code is: 10001001. Figure 15 shows the marked area with the
binary values superimposed over the spaces between the cuts.

Figure 15. The marked area with binary values allocated to the spaces

Figure 16 shows how the above code can be allocated a numerical value (Hughes, 2003).
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Figure 16. A digital code and how the marks are converted into numerical value

One row of 9 bars (8 spaces) can encode numbers between 0 – 255 (256 numbers).
2 rows – encode 216 = 65,536
3 rows – encode 224 = 16,777,216.
It is perceived that the markings of this type can be easily ‘read’ by humans. Narrow
spaces can be read as “1” and wide spaces as “0”. Therefore, should the machine method
fail to interpret the markings as a code, the human operator can key in the binary code
number for the computer to decode into the decimal number. This is similar to the current
data entry methods for when the scanner does not successfully read the barcode, except
that the decimal number is usually printed below the barcode.
By reconfiguring the markings used in animal hide labelling to appear similar to barcode
labels, taking a digital image of the label, processing the image and applying appropriate
digital analysis software, it is possible to automatically ‘read’ the markings and convert
the resulting data into a binary code, as mentioned in chapter 2.2.

4.1 Creating Mock-Up Barcodes
Further tests were required to establish that barcode-like markings in animal hides can be
‘read’ and what aspects of the code markings make readability more effective. This
chapter discusses how a test hide was prepared with varying spacings and slits-lengths in
the label markings.
A kangaroo hide was donated by Packer Leather (101 – 107 Boundary Road, Narangba,
Queensland) to label with prepared patterns in the form of a guide/template sheet (see
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appendix A). Figure 17 shows the slits being punched into the kangaroo hide using a
mallet and three different sized chisels (12mm, 9mm, and 6mm). The varying chisel
widths were chosen to see what effect the longer and shorter slits had on the marked area.
The marks were made following the guide (appendix A). The shape of the marks (slitlike) was selected because they closely resemble the existing Gibson Bas label markings.

Figure 17. Marking Kangaroo hide with chisel and following a paper template (Appendix A).

The guide (appendix A) shows varying cut widths and spaces. Two-tiered label variations
are also depicted to test the effect of in-line and ‘staggered’ labels on the leather. The
bottom layer of appendix A is a randomly selected inline, two-tiered barcode-like
label/mark. These markings were made with the minimal slit length and spacing as these
characteristics ensure the minimum label size and maximum saleable hide area.
During this experiment the following things occurred:
•

The marking guide had to be taped down to avoid slipping due to chisel punches.
This, however, was not very successful.
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•

The hair (fur) suspending the paper off the actual hide causing possible parallax
error with the closer punched slits.

•

Not all the guide was used. Some of the marks were too close together and the
slipping caused the marks to overlap.

•

The fifth row of the guide was deemed unnecessary and was not used as the same
results could be achieved by using the sixth row.

•

The hide was placed on top of a sheet of wood to protect the bench from
puncturing with the chisel.

The resultant punched markings are shown in Figure 18.

Figure 18. A kangaroo hide with puncture marks following a paper guide (Appendix A).

The marks were checked to see if they were visible on the flesh side as shown in Figure
19.
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Figure 19. The flesh side of the marked hide

The paper template was not attached to the flesh side of the hide as the tape would not
adhere to the moist surface and the markings created on the hair side were considered
acceptable.
The hide was then given to one of the processing staff to begin the tanning process.
The hide shown in Figure 19 was tanned and coloured by Packer Leather. An example of
the digital images taken of this hide is shown in Figure 20.
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Figure 20. The marked kangaroo hide from Packer Leather after processing

The dark colouring was chosen because it is a typical colour requested by clients and
poses more of a challenge to the proposed labelling system, as it is more difficult to
achieve good contrast between the dark hide surface and the marked area. This was also
considered a suitable demonstration of the effectiveness of the label reader.

4.2 Image Processing Experiments
There are many software applications and algorithms that can be used to process digital
images, making them more machine ‘readable’. All image processing and analysis
conducted in this study used Corel PhotoPaint ® version 7 and Scion Image ®.
The images of the kangaroo hide were processed with the following procedure which was
chosen after some experimentation:
1. The images were converted to greyscale (this was denoted by the image title
extension “_g”).
2. Cropped to the 2 bottom right test code marks (denoted by “_c”). This is because,
as it is desirable to limit the size of the marked area to ensure maximum saleable
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leather area, the smaller markings on the bottom right of the test area better
resemble the desired outcome.
3. ‘Brightness Contrast Intensity’ adjusted to: brightness value of 0, contrast value of
60, and intensity value of 50 (denoted by “_bci”).
Some of the images were taken using a flash and others without flash and one image was
taken at an angle (i.e. not directly over the image but slightly to the left). The objective of
this exercise was to try and simulate some of the circumstances that might be expected
when a tannery worker ‘scans’ the code. Figures 21 – 25 are the result of this exercise
and show some variation in the clarity of the marks.

Figure 21. The image created using an angled camera, greyscale, image cropping and adjusted brightness,
contrast and intensity.

Figure 22. The image created using greyscale, image cropping and adjusted brightness, contrast and
intensity. The image was taken from an approximate distance of 800mm.

36

Figure 23. The image created using greyscale, image cropping and adjusted brightness, contrast and
intensity. The image was taken from an approximate distance of 500mm.

Figure 24. The image created using greyscale, image cropping and adjusted brightness, contrast and
intensity. The image was taken from an approximate distance of 300mm.

Figure 25. The image created using greyscale, image cropping and adjusted brightness, contrast and
intensity and using a flash.

Figures 21 – 25 show variation in image quality as a result of camera distance, camera
angle and light intensity. Figure 21 shows a minor ‘compacting’ of the marked area but is
not considered a significant difference to images taken directly over the marked area.
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Figures 22 – 24 are very similar when compared to Figure 25 which appears distinctly
darker due to the use of a flash.
The conclusion drawn from this test is that camera angle and distance (within the
camera’s optical range) makes little difference to the final images. The use of a flash,
however, should be avoided.

4.21 Image Resolution
Image “test2_close01_g_c_bci.jpg” was chosen as a random sample to test if variations in
image resolution affect the density profile plot generated by the Image analysis software.
The purpose of this test is to determine a minimum image resolution required to create
distinctive peaks in the density profile plot. A minimum image resolution leads to a
minimum file size, which in turn, leads to minimised computer processing time.
The original resolution was 72 dots per inch (dpi)

Figure 26. A screen shot of the 72 dpi image showing testing area and density profile plot
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Figure 27. A screen shot of the 50 dpi image showing testing area and density profile plot

Figure 28. A screen shot of the 30 dpi image showing testing area and density profile plot

Figure 29. A screen shot of the 20 dpi image with testing area indicated

Figures 26 to 29 show that a decrease in image resolution results in a decrease in pixel
value (indicated by the ‘plot’ images). They also show a simplifying of the generated
pixel density profile as the resolution decreases. This last factor could be useful in that
there would be less data (pixels) to analyse and therefore less extraneous information to
deal with. The higher resolutions, however, show greater peak values, i.e. 1.03 – 145.1
for the 72 dpi resolution image compared to 20.51 – 110.34 for the 20 dpi resolution
image.
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From this test a minimum resolution cannot be determined as compromises to peak
values are made when image resolution is reduced. However, since the lowest image
resolution available in most commercially available cameras is 72 dpi, it would be simple
enough to make this resolution the base value.
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5.0 Experiments on Lighting
The slits made through the animal hides are of equal length throughout the hide’s
thickness. This, however, does not mean the resulting hole is open to the extent that light
could pass through unimpeded. On the contrary, it is very common to see the holes made
through thick hides (particularly bovine hides) close to such an extent that only the outer
edges of the holes are open. The rest of the ‘shaft’ closes or is distorted so as to appear
closed. Also, when the hide is wet (as it is during most of the tanning process) the fibres
swell and the hide ‘plumps’. This swelling effectively closes the holes through the shaft
area. The outer surface is also affected by the swelling but maintains a visible ‘cut’. It is
because of this the following experiments do not include ‘back-lit’ lighting. Instead, all
experiments in this chapter are performed on the hide surface to distinguish the ‘cut’ from
the hide’s surface area.

5.1 Using light sources at different angles.
It may be possible that a greater distinction between light and dark areas can be achieved
by 1) bringing the light source closer to the hide surface, and 2) angling the light so that
the slits fall into shadow, i.e. by locating the light close to the hide surface but to the side
of the marked area. Figure 30 shows a side view depiction of the set-up as described here.
In this and all subsequent experiments involving incandescent lamps, the wattage of the
bulbs used is 40 watts.
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Figure 30. Side view of experiment 5.1 set-up.

By bringing the light source closer there is more chance of creating a ‘glare’ on the
lighted surfaces. Therefore, in the final processed image, the glare will show as white and
the shadows will be substantially darker.
For this experiment an incandescent light, a digital camera (as per previous experiments)
and the marked kangaroo hide was used. The image resolution was 2160 x 1440 pixels.
The light was placed close to, and to the side of, the marked area. The image taken with
the digital camera was processed and the density profile plot generated.
In this experiment, and subsequent experiments, the term “Image Processing” refers to
the image being: cropped (c), converted to greyscale (g), and the ‘Brightness Contrast and
Intensity’ values adjusted to 0, 50 and 60 respectively (bci). The letters in brackets
following each process depicts the process applied. The letters are then added to the
image file name as per previous image files. Also note that all light sources are shielded
from the camera to avoid image interference caused by direct glare and to maximise
illumination of the marked area. The shielding of the light sources can be considered a
design constraint for the development of the scanning device.
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Figures 31 and 32 are the resulting image of this experiment and the density profile plot.

Figure 31. The processed image with a close, angled light source.

Figure 32. The profile plot of image taken with a single, close, angled light source.

The results show that:
1. The distinction between the ‘flat’ surface and slit is much greater than previous
trials.
2. The slit nearest the light source (left) is substantially less distinct than other slits.
3. The hide surface farthest from the light source (right) falls into shadow and
displays as the same intensity as slits.
These results show that this technique could be used to enhance slit/hide contrast;
however a more uniform light distribution might result in more uniform peak heights in
the density profile plot.
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5.11 Two low-angled light sources
This experiment is to see if glare (non-uniform light distribution) can be reduced by
moving the light further away, and adding a second light on the opposite side of the
marked area. This may also reduce the amount of surface colouring showing in the
processed image by increasing light to the hide surface, thereby creating greater
distinction between the lit hide surface and the shadowed slits.
The equipment, dimensions and image details are the same as experiment 5.1 except with
the addition of an extra light. Figure 33 is a depiction of the equipment setup.

Figure 33. A leather sample illuminated by 2 light sources.

The light sources were placed on opposite sides to, and approximately equidistant from,
the marked area. A digital image of the marked area was processed and a density profile
plot was generated.
The resulting image and density profile are shown in Figures 34 and 35.
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Figure 34. A processed image taken with 2 angled light sources.

Figure 35. The density profile plot of image taken with 2 angled light sources

The results show that with the light sources further from the marked area there is more
surface colouring showing in the final (processed) image. The density profile peaks are
more consistent than in experiment 5.1, i.e. similar in height from one end of the density
profile plot to the other. Although the light sources are further away than in the previous
experiment the angle still leaves the marked areas in sufficient shadow to be distinct from
the surface area.
The results of this experiment would indicate that multiple lights at a low angle would
produce a satisfactory distinction between marked areas and surface areas. On this basis it
is proposed that a number of small lights located close to the hide surface and around the
marked area would decrease the amount of surface colouring showing in the processed
image and create sufficient shadow in the marked areas.

5.12 using four low-angled light sources.
The purpose of this experiment is to see if slit/hide contrast can be further improved by
using four lights instead of two.
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The equipment and dimensions used is the same as experiment 5.11 but with the addition
of two extra lights. Figure 36 depicts the equipment setup of this experiment.

Figure 36. A hide sample illuminated by 4 light sources.

The four lights were placed evenly on the hide surface at approximately 20cm from and
around the marked area. A digital image of the marked area was processed and a density
profile plot was generated.
The resulting image and density profile are shown Figures 37 and 38.

Figure 37. The processed image taken with 4 angled light sources.
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Figure 38. The density profile plot of image taken with 4 angled light sources.

Both the image and profile density plot indicate a successful result, i.e. the hide surface
area appears almost completely white (blank) and the marked areas are dark enough to be
almost black (pixel value of 255 in the density profile plot). Such distinction would be
ideal for machine reading as there is little extraneous information to compensate for. This
further supports the proposition made in experiment 5.11 that multiple lights located
close to and around the marked area would reduce detection of surface colouring. This
also forms a design constraint for developing a scanning device, i.e. surround the marked
area with light and keep the light sources close to the hide surface to ensure the slits fall
into shadow.

5.2 using different coloured light sources.
This experiment is to see what effect different light frequencies has on the image
processing.
Two light emitting diodes (LED), one red, the other blue, were shone onto the marked
area individually and the image taken ready to be processed and analysed.
A red and a blue light emitting diode (LED) were individually shone on the processed
kangaroo hide. Digital images of the marked area were processed and density profile
plots were attempted.
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Some image manipulation was required to find the marked area but the images were too
dim and the lit area too small to extract a useable code (marked area).
This is possibly due to the lights being too small and low powered or not enough lights
were used. One interesting point to note from this experiment was that the image lit by
blue light required more manipulation to find the lit area than that of a red light source.
To the naked eye, however, the blue light seemed brighter.
Research into machine vision and industrial vision indicates incandescent lights produce
infra-red light which can be filtered out or singled out by image processing software
(Gonzalez and Woods, 1993). It could therefore be surmised that other colours can be
electronically filtered or separated out from the one image taken in the presence of white
light. This would negate the need to use filtered or coloured lights as each colour can be
electronically separated from the one image taken under white light.

5.3 Examining a marked area on the hide edge.
Until now the areas being examined have been in the middle of the hide. In the final
application the marks will be applied to the edge of the hide to ensure the maximum
saleable area. Since experiment 5.12 successfully produced distinctive results it would be
logical to test the same parameters with the marked area closer to the hide edge
(approximately 10 – 15 mm). It is perceived there will be “interference” in the image
since the hide edge will display shadow in the same way as the marked area. Figure 39
depicts the hide sample with the marked area approximately 15 mm from the hide edge.
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Figure 39. A hide sample with the marked area close to the hide edge.

Two incandescent lights were placed close to and either side of the marked area. The
edge area was marked with four holes using a standard leather hole punch. A digital
image of the marked area was processed.
Figure 40 depicts the equipment and setup of this experiment.

Figure 40. The equipment and setup of experiment 5.3.
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As the background surface was relatively light in colour the brightness, contrast and
intensity settings made more distinction between the background and hide surface rather
than the hide and marked area (See Figure 41). Because of this, the marked area appears
as dark as the hide surface and therefore cannot be ‘read’ by a density profile plot.

Figure 41. Processed image of marked edge area on light coloured background.

Since the background did have such a great effect on the image results, it would be
logical to eliminate such interference by using different coloured backgrounds.

5.31 Using a black, mat-finished background.
This experiment follows on from experiment 5.3 to test the effect of a darkened
background on label markings close to the hide edge.
The procedure and equipment is the same as in experiment 5.3 except with the addition of
a black rubber pad behind the marked area as depicted in Figure 42. A density profile plot
was generated from the processed image.
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Figure 42. A black rubber pad placed behind the marked area.

The resulting image and density profile plot is shown in Figure 43.

Figure 43. The processed image showing analysis line and density profile plot

The “a” in the image title represents the “auto equalize” process. This process did little
more than marginally increase the image contrast. The Brightness, Contrast and Intensity
settings had to be adjusted to 60, 93 and 80 respectively for a suitable final image.
Although the hide edge did show in the processed image it did not interfere with the
marked area. The result does show a suitable distinction between the hide surface and the
marked area.
The hide itself is fully processed (tanned) with a dark colouring. It would be logical to
place a similarly darkened background behind it for image processing. This, however,
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may not be suitable for untanned marked hides. A more suitable solution would be to fold
the hide so that the marked area is located towards the middle of the hide when scanning.
In addition to folding the hide, the scanning device may have features that, where
possible, limit the scanned area to the hide markings only. This may form a design
constraint for the scanning procedure and equipment.
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6.0 Experiments on Untanned, Salted Hide Sample.
The previous experiments used processed and finished hide samples which have a
relatively flat surface. For a more realistic approach the following experiments use a hide
sample that is much like the hides as they are received from the abattoirs, i.e. with the fat
blood vessels still attached.

6.1 Illumination using two light sources.
A marked, untanned, salted bovine hide sample (supplied by Murgon Leather) was
illuminated by two incandescent light sources either side of the marked area (flesh side
up). Figure 44 is a depiction of the setup of this experiment.

Figure 44. Depiction of setup showing untanned hides samples and 2 light sources.

The image of the marked area was processed and a density profile plot generated. Figure
45 shows the hide sample and marked area.
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Figure 45. An untanned, salted hide sample with a marked area

The upper marked area of the sample had to be stretched slightly to display the marked
area more effectively.
Figures 46 to 48 show the processed image and the density profile plots of the upper and
lower marked areas.

Figure 46. The processed image of the untanned hide sample.
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Figure 47. Analysing the upper marked area

Figure 48. Analysing the lower marked area

The upper area did not show a satisfactory distinction between marked and surface areas,
however, the lower area did. The interference caused by the colour variations in the hide
surface does show in the density profile plot but the pixel values do not match that of the
marked areas.
Although stretching was required to display the marked area more effectively, it did not
have a uniform effect. Possibly more stretching is required.
Another possibility is that the marked area may need to be cleaned by wiping it with a
moist piece of material. This would seem to be a suitable task within the intended
industry as it is simple, quick and should not take too long for a tannery worker to
perform. Removing interfering material in this manner could be a design constraint
and/or part of the process of using the label scanner.
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6.11 Wiping the marked area with a moist cloth.
The equipment and procedure is the same as in experiment 6.10 except with the addition
of wiping the marked area with a moist cloth to clean away excess salt and other swath.
More stretching to the upper marked area was applied.
The resulting images and profile plots are shown in Figures 49 – 51.

Figure 49. The processed image of the hide sample wiped with a moist cloth.

Figure 50. Analysing the upper marked area.

Figure 51. Analysing the lower marked area.

The upper marked area still has too much interference to be a suitable result for industrial
applications. Although the lower marked area still shows interference it did have a
suitable result. ‘Cleaning’ the marked area made only a marginal improvement to the
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results and stretching the upper section of the hide seemed to only affect the outer
components (ends) of the marked area.
Stretching the hide would be more effective if it can be applied evenly to the whole
marked area. This may be possible with a ‘lump’ under the area. The lump will have to be
high enough to ‘bend’ the hide but low enough to ensure the marked area still falls into
shadow.
Cleaning the site of the marked area should be considered a normal activity for any
reading device, as this is commonplace in all industrial and commercial machine reading
applications.

6.2 Adding a lump under the marked area.
In this experiment the equipment and procedure is the same as experiment 6.11 but with
the addition of a folded ‘bubble wrap’ mail pack placed under the marked area to raise it
up slightly.
The resulting image and profile plot is shown in Figure 52.

Figure 52. Analysis of the marked area being stretched over a 'bump.'

A better result is achieved by raising the marked area but it is still not suitable for
industrial application. Interference due to the texture of the fleshed side of the hide
remains a problem.
The interference may be dealt with using a sheet of plate glass to flatten the raised hide
fibres. The marked area will still need to be stretched. One way to aid stretching the
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marked area could be to use slightly longer slits. The purpose of which is to open the slits
more so they become darker in the processed image. This may be useful for thicker hides
where the bulk of the hide tissue works to close up the slit holes.

6.3 Placing a sheet of glass over the marked area.
A sheet of glass was placed over the untanned, salted bovine hide sample on a flat
surface. The marked area was illuminated by two incandescent lights and a digital image
was taken. The image was then processed and a density profile plot generated.
The resulting image and density profile plot is shown in Figure 53.

Figure 53. Analysing the upper marked area of the 'flattened' hide.

There appears to be more interference rather than less. This experiment indicates trying to
flatten the hide with glass is unsuccessful. Another approach is needed.

6.4 Elongating slits in the untanned hide sample.
The cuts of the marked area of the untanned, salted bovine hide sample were extended by
approximately 3-5 mm using a sharp knife. Two incandescent lights were placed either
side of the marked area and a digital image was taken, processed and analysed to generate
a density profile plot. The setup of this experiment is the same as experiment 6.1.
The images and density profile plots are shown in Figures 54 and 55.
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Figure 54. Analysing the processed image of the extended slits.

The image used in this experiment was considered too light. The experiment was
repeated after lowering the Gamma value to 0.5.
Moving the lights further away was also tried with little difference. The results are as
follows:

Figure 55. Analysing the image of extended slits and lowered gamma.

The resulting profile plots show some distinction between the marked area and the hide
surface. Greater contrast may be required for a more useable image, i.e. more even peak
levels and greater distinction from surface colour interference. Lowering the gamma did
increase the pixel values but it also increased the amount of interference from surface
colouring. As lowering the gamma requires operator control to select the appropriate
level it will not be considered part of the image altering process. It will only be applied
where images appear to be too light to produce distinctive profile peaks during image
analysis. Extending the length of the slits had little effect on the stretching of the marked
area.
The lower marked area is ‘cleaner’ in appearance than the upper marked area, in that
there is less roughness around the slits. Such a distinction between the upper and lower
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marked areas may be due to the number of slits and the effect of so many blades being
worked through such a small area. The distinction may also be due to a characteristic of
that area of the hide.
The bottom slits are not as long as the upper slits, yet they give a better result than the
extended and stretched upper slits. This seems to indicate that slit length does not matter
very much to the desired outcome. However, increased slit length would make it easier
for the scanning algorithm to read the marked area the same way barcode length makes it
easier for the scanner operator to locate and read a barcode.

6.5 Using three light sources and image stretching
This experiment examines how effective evenly distributed light is when trying to
diminish image ‘interference’ due to surface texturing. Digitally stretching the image is
also applied to affect a more uniform ‘line’ width from each slit mark.
Three incandescent lights are placed approximately equidistantly around the marked area
and close to the surface of the salted, untanned hide sample. Figure 56 depicts the setup
of this experiment.

Figure 56. Experiment setup using 3 light sources.
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A digital image of the marked area is captured, processed and ‘stretched’ vertically. The
image was further “stretched” using the “Motion Blur” function in Corel Draw ® version
7. This type of blurring not only stretched the image but also “blurred out” some of the
interference.
The gamma setting was lowered to 0.1 to achieve greater distinction in the profile peaks.
The resulting image and profile is shown in Figure 57.

Figure 57. The black separation of the stretched image

A clearer distinction between the hide surface and marked area was achieved than in
previous experiments on the untanned hide sample. This result would be satisfactory for
machine reading as the slits were more distinct as shown by a maximum peak value of
231.00 (almost black – 255.00) and a minimum value of 0.00 (white).
The results of this experiment are shown in table 4.
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Experiment and description

Result.

(on untanned hide sample.
Experiment 6.1. Illumination
with two light sources

Experiment 6.2. Raising the
marked area to stretch the
markings
Experiment 6.3. Flattening the
marked area with a sheet of
glass.
Experiment 6.4. Elongated slits
and increased distance from
light sources.
Experiment 6.5. Applying 3
light sources and vertical
motion blurring.

Table 4. Comparison table of results from experiments on untanned hide sample.

From Table 4 it can be seen that experiment 6.5 produced the most distinct profile peaks.
This further confirms the conclusions of experiment 5.11 and 5.12, i.e. surrounding the
marked area with light sources located close to the hide surface reduces interference from
surface features. This also indicates that with the application of appropriate image
altering software greater profile distinction can be achieved.
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7.0 Experiments on Colour Separation.
Experiment 5.2 indicated that colour variations can be extracted or filtered out of an
image using software. This experiment examines how effective one colour separation
procedure - CMYK colour separation - is when creating greater light and dark contrasts
using the least amount of adjustment by the user/operator.
Altering the brightness, contrast and intensity (bci) is only one of many functions digital
image processing software is capable of. The objective of this process is to filter out as
much unnecessary data from the image as possible, leaving only the essential information
required to decipher the code.
The bci levels need to be adjusted regularly if different coloured samples are to be
analysed (eg. Tanned, untanned and coloured hides). Since this is the case, another means
of extracting black and white extremes from an image may be necessary. This may be
possible with separating the coloured image into individual colours (eg CMYK
separation: create separate images of each colour filter – Cyan, Magenta, Yellow and
Black) and only analysing the K (black) image.
Colour images of previous experiments were separated into CMYK separations using
Corel Photo-Paint® version 7. Again, using Scion Image®, the black (K) colour
separations were analysed to generate density profile plots
The resulting images and profile plots are shown in Figures 58 to 61.

Figure 58. Analysing the black filtered, flattened image from 6.10
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Figure 59. Analysing the black filtered image from experiment 6.2

Figure 60. Analysing the black filtered image from experiment 5.31

Figure 61. Analysing the filtered black image from experiment 5.12

Table 5 shows a comparison of profile plots generated from images processed with the
‘bci’ and ‘black filtered’ methods.
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Number of

Profile of ‘bci’ processed image.

Profile of black separated image.

experiment
from which
image was
chosen
5.12

5.31

6.10

6.2

Table 5. Comparisons of linear profile plots of images processed with the 'bci' and 'black filtered' methods.

Table 5 indicates that for processed hides (tanned and finished) the ‘bci’ image
processing method either equals or betters the ‘black filtering’ image processing method
as seen in results from experiments 5.12 and 5.31. The results from experiments 6.10 and
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6.2 indicate that the ‘black filter’ processing method more effectively reduces
interference from surface features than the ‘bci’ method, thereby producing more
distinctive peaks. This would make the ‘black filter’ method more suitable to ‘scanning’
the untanned hides upon reception at the tannery. In further support of using the ‘black
filter’ method it is much simpler than the ‘bci’ method as it requires no level adjustment.
It is also a single operation from colour to the ‘processed’ image. This makes ‘black
filtering’ the more suitable of the two options for machine reading applications as the
process can be easily pre-set and applied without the need for adjustment.
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8.0 Further Image Processing
The image processing techniques used to this point have been quite simple compared to
other processing algorithms such as those used in morphological image processing. These
processing techniques deal with the shape, or morphology, of features in an image. A
structuring element (a small matrix of pixels with predetermined size, shape and colour
values) is used as a type of ‘template’ that is then compared to other groups of pixels (or
shapes) within an image. The structuring element matches, does not match or only
partially matches the shapes. These comparison points are then used to manipulate the
shapes in the image in various ways such as add pixels of equal value to the shape
(known as dilating) or remove pixels (known as eroding). Morphological image
processing is often used to enhance the distinction between image elements and even
remove (to some extent) the ‘body’ of a shape, thereby enhancing the shape’s boundary
(or edge) (Efford, 2000). The above explanation of morphological image processing is
very much simplified and combinations of these processes are often used in digital image
processing to obtain various effects.
By applying these techniques to processed images of marked areas on animal hides the
machine ‘readability’ can be greatly enhanced. Figures 62 - 66 are samples of
morphological image processing and their resulting linear profile plots starting from a
base (input) image through edge detection (shape boundary enhancement), conversion to
binary format, erosion and dilation. These processes were performed using Scion
Image®.

Figure 62. An input (base) image of the marked, untanned hide sample and linear profile plot
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Figure 63. The input image with ‘edge detection’ applied and linear profile plot.

Figure 64. The 'edge detection' image changed to binary with linear profile plot.

Figure 65. The binary image with 'erosion' applied and linear profile plot.

Figure 66. 'Dilation' applied to the 'eroded' image and linear profile plot.
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Figure 66 shows a linear profile plot that could be considered ideal for translation into a
binary code, i.e. distinct peaks, little or no ‘jaggedness’ in the profile plot line and
consistent spacing between peaks. This indicates that, with the right application of image
processing techniques, any digital image of the marked area of an animal hide could be
successfully converted into a barcode-like code.

Conclusion
Of all the vision reading systems considered only an adapted barcode system provides a
suitable solution to reading marked animal hides. To develop such a system certain
parameters or conditions must be met in order to give a suitably readable image and
‘signal’. These form some of the design constraints for developing a machine reading
system to interpret markings on animal hides as a code. Such constraints include:
•

The marked area is to be ‘clean’ (void of interference by other materials).

•

The marked area is to be folded so that it is located closer to the middle of the
hide to avoid image interference due to colour differences between the hide
colouring and workbench colouring.

•

The markings are to be in a controlled form utilising a variation of the Gibson Bas
stamping system.

•

The illumination of the marked area should be configured to be at a low angle
(approximately 10 º – 20º) to the hide surface and surrounding the marked area.
This is to create shadows within the indentations of the marked area.

•

Appropriate software should be applied to suitably process the image and generate
a readable ‘signal’. The software may:
a. Separate the colours of the image and apply further processing to the
darkest separation.
b. Stretch the image in line with the markings to decrease interference by
surface texture and increase the length of the markings.
c. Analyse the markings to generate a profile plot.
d. Convert the profile plot into a binary number.
e. Convert the number from binary to decimal.
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•

Image resolution of 72 dpi or higher will give a useable image.

Further design constraints are presented in the Design Specification section of this
research.
Future outlook
With further experimentation, using more sophisticated image processing and analysis
software, greater distinction between marked area and hide surface can be achieved. As
current computer processing speeds are very fast and constantly increasing with each new
model, it is feasible to see extra functions added to the scanning software that ‘read’ the
marked area several times using different techniques in less than a second. This process
of multiple reading would be an effective way to verify the result, increase reading
accuracy and therefore, increase user confidence.
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9.0 Design Specification
This chapter lays out the parameters and design constraints for the vision-based hide label
reading system called the “Leather Vision System” (LVS). These parameters are
established in previous chapters and by observations of two tanneries as well as
conversations with two industry experts Warren Isaac (production manager of Murgon
Leather) and Joe Gibson (principle of Gibson Bas).
Note: this is the initial concept design specification prior to consultation with industry
experts and testing.

9.01 Aim:
To design a system that reads barcode-like markings on animal hides within the tanning
industry.

9.02 Design Objectives:
The objective of this design is to incorporate the principles established by the research
phase of this study.

9.03 Target Market:
The intended purchasers of the LVS are tanneries. The product users are tannery process
workers in sections such as receiving, weighing and grading of hides.

9.04 Operational Personnel Needs:
For the LVS to be accepted and valued as a machine reading and data entry tool in the
tanning industry, it needs to adhere to the forthcoming user-centred constraints. The aim
of which is to ensure smooth interaction between user and product.
The LVS must address the potential user needs such as:
(i)

Provide fast and easy means of reading specialised markings in animal hides.
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(ii)

Have a high first-read rate.

(iii)

Be able to read markings in any orientation.

(iv)

Reduce data entry time by automating the process.

(v)

Increase data entry accuracy by reducing and/or simplifying manual data key-in
procedure.

(vi)

Be suspended from overhead when not in use (Gibson, 2004, priv. comm. 10
February).

(vii)

Be easy to understand and operate.

(viii)

Be comfortable to operate for long periods.

(ix)

Be maintenance free (other than cleaning).

(x)

Be easy to clean.

(xi)

Be unaffected by the tanning environment.

(xii)

Be adjustable and mobile.

(xiii)

Provide appropriate operational feedback.

9.05 Design Criteria
The design of the LVS will employ a methodical process and specified constraints to
ensure a suitable design resolution. These constraints form the basis of the design criteria
which are the result of principles established in preceding chapters, initial research into
the operations of the tanning industry and conversations with industry experts. The design
criteria will provide the foundation for conceptualisation.

9.06 Aesthetic and Semantic Criteria
The design of the LVS is predominantly function orientated. The product must facilitate
scanning of specific markings in animal hides.
The requirements are:
(i)

Be designed so that the function and use of the LVS is apparent and logical.

(ii)

Be designed to appear suitable to the user’s environment and activities.
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9.07 User Interface Criteria
The interface of the LVS will meet the following criteria:
(i)

Provide the user with visual and auditory feedback on read success.

(ii)

Indicate how the product is used.

9.08 Durability Criteria
The LVS will be used in an environment prone to splashes of blood, dirt and chemicals. It
is also expected to be used hurriedly on a process line. It must therefore be designed to
maintain performance during normal operations. To ensure this it must conform to the
following criteria. Note: the following criteria are listed in order of importance from
highest to least.
The LVS will:
(i)

Be resistant to water, blood, dust and chemical penetration.

(ii)

Be resistant to mild impact (such as could reasonably be expected during normal
operation).

(iii)

Resist potentially damaging operation such as throwing and harsh handling.

(iv)

Be manufactured from materials and components that can endure the intended
environment and expected use.

9.09 Safety Criteria
Due to the expected hurried use of the LVS it is potentially dangerous to unwary
personnel. Also, due to the use of electrical components certain safety issues must be
addressed. To address both of these issues the LVS will conform to the following:
(i)

The product will be insulated against electrical and thermal hazard.

(ii)

The product will have an operating voltage no greater than 12V.

(iii)

Corners and edges of the product will be configured to be the least damaging in an
impact situation. This will include rounding corners and applying padding to
protruding components.
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9.10 Ergonomic Criteria
As the product will be handled by workers, the ergonomic considerations are of great
importance to ensure ease of operation and comfort. To meet these requirements the LVS
will:
(i)

Be useable by both left and right-handed users.

(ii)

Be useable with single and double-handed use. Whilst single-handed use may be
the ideal for this product, there may be situations where double-handed use is
required. This will be clearer after testing.

(iii)

Allow the operator to easily locate the LVS over the marked area.

(iv)

Be easily understood and operated by low skill-levelled operators.

(v)

Be easily cleaned if soiled by substances from the local environment i.e. wiping
with a cloth.

(vi)

Provide unambiguous operational feedback. Visual and auditory feedback will be
addressed.

(vii)

Accommodate both male and female users from the 5th to the 95th percentile
height range.

(viii)

Be able to be rotated 90º without compromising user comfort. This is so the
operator can orient the LVS to the label markings without discomfort.

(ix)

Conform to ergonomic guidelines.

9.11 Functional Criteria
The functional criteria of the LVS are:
(i)

To scan and decode specially marked areas on animal hides.

(ii)

To illuminate the marked area from all sides and close to the hide surface.

(iii)

To limit the scanned region to the marked area (hide surface) only.

(iv)

To limit illumination to the hide surface only.

(v)

To allow for wall mounting or use as a mobile unit.

(vi)

Indicate to the user when the scanning task is complete.
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9.12 Material Specifications.
The materials for this product were selected using the 2004 edition of the Cambridge
Engineering Selector® (version 4.5) developed by Ashby, M. F., Cebon D.; appendices B
to F are extracts from the database of this materials selection software. The selection
criteria for these materials were low price range (between AUD$0 and AUD$ 10.00 per
Kg), maximum environmental resistance and application to similar or more corrosive
environments. This is not an exhaustive or final list as changes may occur upon
consultation with engineering expertise during the manufacturing stage.
Poly Vinyl Chloride (Rigid, Moulding) (Appendix B) is the selected material for
transparent plastic components. The main criteria for its selection are low cost ($1.699 $2.417 AUD/kg) and very good resistance to acids, alkalis and wear (Appendix B).
Transparent materials are required as the user will need to see through the product to
align the scanner with the coded markings.
For non-transparent plastic components Polyoxymethylene (UV Stabilized Homopolymer) (Appendix C) is selected due to its good environmental resistance factors and it
is often applied to areas such as fuel systems, under-hood car components, housings and
pump impellers. This indicates the material is trusted for its mechanical chemical
strengths (Appendix C).
Tubular metal components will be made from Stainless Steel, AISI 420 (Appendix D).
This material is chosen for its environmental resistance and it is often used in chemical
processing and environments more corrosive than the intended application (Appendix D).
For cast metal components Stainless Steel (ASTM CA-40) is specified (Appendix E). As
with tubular metal components this material is selected for its environmental resistance
capabilities and use in similar and more corrosive applications than the intended
application (Appendix E).
Rubber components of the final product will be used for cushioning impact and handle
grips. For these components unfilled Butyl Rubber (Appendix F) is selected as it has
good environmental and wear resistance and is often applied to areas such as car tyres,
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electrical insulation and anti-vibration mounts. This also indicates more than suitable
mechanical properties (Appendix F) (Ashby and Cebon, 2004).

9.13 Manufacture Criteria
Commercialisation of the LVS will be affected by the expense of manufacturing. Due to
the limited number of tanneries in the world it is considered prudent to minimise costs by
designing for short-run component manufacturing. The estimated number of units
required for initial production is 100 – 500 units. This, however, may change after further
investigation into the commercial environment of the tanning industry.
Initially the design of the LVS will encompass the following:
(i)

Commercially available integrated electronic components will be used where
possible.

(ii)

Low cost manufacturing methods such as vacuum-forming and/or short-run
injection moulding methods (such as spray-metal moulding) will be used.

(iii)

Metal components will be made from standard tubular or solid extruded metals.

(iv)

All light sources will be non-specialised incandescent bulbs or similar lowpowered, small, white light emitting devices.

(v)

All materials used will be appropriately chemically resistant.

9.14 Environmental Criteria
The environmental factors that are consistent with many tanneries include wet floors and
benches as well as loose blood, salt, dirt and other substances found on unprocessed
animal hides. Hides still in the tanning processing stages may have some of the
processing chemicals in them and on the bench surface around them.
Equipment design for this environment will require consideration for:
(i)

Insulation of components against chemical and dirt penetration.

(ii)

Resistance to breakage or malfunction when dropped from a height of
approximately 1.5 – 2 metres to a concrete floor. Dropping the scanner is an
unlikely event and can only occur when it is detached from the suspension
fixtures; otherwise the only expected impact to the scanner would derive from
harsh handling by an operator.
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9.15 Equipment Specification
The equipment required for the product is derived from the experimentation stage of this
research and the expected handling of the product. The specified equipment components
required for this product are:
(i)

A digital camera with a minimum image resolution of 72 dpi.

(ii)

Multiple incandescent or similar light emitting devices.

Further details of the components will be established upon investigation into available
items, economic factors and available manufacturing facilities.
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10.0 Design Process
This chapter depicts the process by which the conceptual product has been developed
from establishing the arrangement of the functional components to initial testing of the
product’s form through to presentation of the final concept. All development has been
performed following the design specifications presented in chapter 6.

10.1 Arrangement of Functional Components
The arrangement of the functional components is to:
(i)

Surround the marked area with light that is low to the hide surface. This
illuminates any protruding detail and casts the marked indentations in shadow.

(ii)

Shield the camera from direct light from the light sources.

(iii)

Aid in reducing the scanned region to the marked area as much as possible to
avoid scanning extraneous detail.

It is considered logical to locate the camera directly above the marked area to ensure the
area is evenly scanned. Figure 67 shows a two-dimensional view of the component
arrangement and how the light is shielded from the camera.

Figure 67. Two-dimensional view of component arrangement
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Figure 68 shows a perspective view of the functional component arrangement. The oval
shaped arrangement is to ensure the light is evenly distanced from the marked area by
avoiding corners where concentrations of light sources can occur. This also limits the
scanning to only the necessary area.

Figure 68. Perspective view of component arrangement

Whilst the arrangement of the functional components does not necessarily dictate the
form of the product, it does make a convenient basis for it.

10.2 Task Analysis
The task analysis presents the activities involved in using the LVS. These activities are
derived from observations of operational personnel in the tanning industry, conversations
with industry experts and the design constraints. Operating the LVS involves the
following:
1. Place the hide on the scanning bench beneath the scanner.
o This may be done automatically using a conveyor belt.
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o Hides with hair on need to be placed with the flesh-side up for easier location
of the marked area and avoiding interference with the shadows caused by the
slits.
2. Locate the marked area (this is performed manually by the operator).
3. Fold the marked area away from the hide edge to avoid visual interference from
the bench colouring.
4. Pull the scanner down to the hide surface.
5. Orientate the scanner parallel to and above the marked area.
6. Scan the markings and wait for the signal to indicate the scan is completed.
a. If the scan is unsuccessful after a designated time (eg. 2 seconds) a signal
is given to indicate scan failure.
b. In the event of scan failure the scanner may need to be relocated and
scanning recommenced.
c. Upon further scan failure the markings can be interpreted and manually
key into the computer system.
7. Lift the scanner out of the way.
8. Remove the hide from the scan bench.
Figure 69 is a graphic depiction of the task analysis.
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Place hide on scanning bench

Locate marked area

Fold marked area away from edge

Pull scanner down to hide surface

Orientate scanner parallel to and above
marked area

Scan marked area and wait for
‘completed’ signal

Unsuccessful

Successful

Manual data key-in

Lift scanner out of way

Remove hide from bench

Figure 69. Diagram of task analysis
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A skilled operator may be able to perform more than one of the LVS operation tasks at
the same time. This is especially true for scanning smaller and lighter hides because they
may not require two hands to lift, locate and fold them as is expected of the larger,
heavier hides.
Figure 70 depicts the task analysis of a skilled LVS operator combining tasks.
Place hide on scanning bench

Locate marked area and fold hide edge

Pull scanner down and orientate to
marked area

Scan marked area and wait for
‘completed’ signal

Unsuccessful

Successful

Manual data key-in

Lift scanner out of way and remove hide

Figure 70. Diagram of task analysis of a skilled operator
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10.3 Form Development
The development of the form (general appearance) of the LVS is based on the design
constraints. Several form concepts were drawn, four of which were selected for further
testing. Figures 71-73 are examples of how the form concepts were generated. These
show basic form development and depiction of materials.

Figure 71. Some basic form concepts
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Figure 72. Some rendered form concepts indicating appearance

Figure 73. A perspective view of a form concept
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10.3.1 Selection of Concepts for Testing
Four of the form concepts were selected to be made into rough mock-up models for
testing. The main points of the criteria list that these concepts adhere to are:
•

The function and handling of the product are made apparent by the form. The
placement of the handles of these forms adequately indicates how the user is to
hold the product.

•

The concepts appear robust enough for the intended use. This is important when
building user’s confidence in the product before actual use.

•

The handles appear accessible. This helps make the product more ‘inviting’.

•

The simplicity of the forms aid manufacturing and maintenance ease.

Figures 74-77 show the four selected concepts and how the user’s hand is to interact with
the handle.

Figure 74. Form concept 1 and human-handle interaction.

Figure 74 shows concept 1 with vertical handles. This allows easy rotating of the scanner
when orientating to the marked area.
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Figure 75. Form concept 2 and human-handle interaction.

Figure 75 shows form concept 2 with horizontal handles attached to extensions from the
body of the scanner. This may compromise easy rotating of the scanner but will aid in
pulling it down from above when suspended in resting position.

Figure 76. Form concept 3 and human-handle interaction.
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Figure 76 shows form concept 3. The suspension arm and cable are also drawn here
merely for reference and have no part to play in the scanners’ interface. The handle of
this concept is moulded and attached to the base and top of the scanner body. Attaching
the handle to the body at both ends slightly limits the user’s accessibility.

Figure 77. Form concept 4 and human-handle interaction.

Figure 77 shows concept 4 with a very simple handle attached to the top of the scanner
body. The handles ‘hang’ at an angle to allow easy pulling down and rotating when on
the work bench. The ergonomic interaction between hand and handle is the same as in
concept 3; however, user’s accessibility is increased by the open-ended handle which
allows the user to grip the handle from below more easily than that of concept 3.
The body (outer housing) of the product may vary according to the components used but
the general shape will remain as depicted in Figures 74-77. The main variation in Figures
74-77 is the interface (handle). By making and testing mock-ups in a simulated work
situation, an understanding can be gained of how the handle, body and user integrate.
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10.3.2 Testing Mock-ups
Mock-ups (models) of the chosen form concepts and a typical work-area simulation were
made. Each model was then used to carry out simulated actions according to the task
analysis. The actions chosen to enact were:
1. Grasping the handle of the scanner as if ready to pull it down.
2. Holding the scanner on the hide surface with two hands as if reading the marked
area.
3. Holding the scanner on the hide surface with one hand.
These actions were chosen because they encompass the physical interaction with the
scanner. The mock-ups were also held as if the marked area was orientated at a rightangle to the user. This was to pose the lease comfortable working situation in order to test
the level of comfort when interacting with the form concepts.
Concept 1
Figure 78 shows form concept 1 being pulled down from resting position (suspended
above the work area) with two hands. The lower handle made grasping the ‘scanner’ easy
but the angle of the handle meant the wrists had to flex upward when placing the scanner
on the hide surface. To compensate for this the user had to lean forward slightly as seen
in Figure 79.
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Figure 78. Grasping concept 1 with two hands

Figure 79. Scanning with concept 1 using two hands

Single-hand use of form concept 1 showed the same results as with two-handed use as
seen in Figures 80 and 81.
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Figure 80. Single-handed grasping concept 1

Figure 81. Single-handed scanning with concept 1
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Concept 2
The handles of concept 2 caused discomfort for single and double-handed grasping as the
user had to hold some part of the handle between the fingers (as opposed to between
fingers and thumb). This discomfort is evident in Figures 82-84.

Figure 82. Double-handed grasping of concept 2
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Figure 83. Single-handed grasping of concept 2

Figure 84. Single-handed scanning with concept 2

92
Concept 3
Concept 3 was comfortable in all tests. However, the users’ knuckles did tend to touch
the body of the scanner when grasping the lower part of the handles. Figures 85- 88 show
concept 3 in use. Figures 86 and 77 show the users’ knuckles touching the scanner body.

Figure 85. Grasping concept 3 with two hands
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Figure 86. Scanning with concept 3 using two hands

Figure 87. Grasping concept 3 with one hand

94

Figure 88. Single-handed scanning with concept 3

The situation where user’s knuckles touch the scanner body can be alleviated by resizing
the handles to accommodate larger hands. However, to more effectively accommodate all
hand-sizes the handle may be completely redesigned as shown in concept 4.
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Concept 4
Concept 4 was the easiest to rotate when aligning to the marked area. Figures 89-92 show
concept 4 in use.

Figure 89. Grasping concept 4 with two hands
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Figure 90. Scanning with concept 4 using two hands

Figure 91. Grasping concept 4 with one hand
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Figure 92. Scanning single-handed with concept 4

Table 6. is a depiction of each of the form concept mock-ups and a list of their positive
and negative aspects when in use.
Concept Number and image

Positive aspects

1

The handles were easily The handles caused the
user’s hands to almost
accessible.
touch the work bench.
Rotating the body was This caused the user to
bend
down
slightly,
easy.
causing discomfort to the
lower back.
Easy
to
downwards.

2

Negative aspects

pull Caused discomfort by
causing the fingers to be
placed either side of part
The higher grip area of the handle.
negated the need to
bend
down
when
operating the product.
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Easy to hold the Closed ends of the handles
handles and rotate the limited access.
body.
The higher grip area
negated the need to
bend
down
when
operating the product.
3
Easy access to handles.

None

Easy rotation of the
body.

4

The higher grip area
negated the need to
bend
down
when
operating the product.

Table 6. Depiction of form concept mock-ups and their positive and negative aspects.

From Table 6 can be seen that concept 4 is the more suitable form for the LVS scanner as
the interface (handles) was easier to access than other concepts. Also, it was easy to rotate
the body and the handle to base distance (height) meant the user did not need to bend
down when using the product as in concept 1. Furthermore, it had no negative aspects.
Now that the form of the scanner is selected, further improvements can be made by
improving its’ ergonomic features. This will ensure the final product will be useable by
the tannery operational personnel.

10.4 Human Factors
Designing with anthropometric guidelines will ensure the scanner will be comfortable to
use for long periods by the intended market. The areas of investigation are: minimum
work widths, maximum extended grip radius, and grip details.
All anthropometric details come from Humanscale by Henry Dreyfuss Associates, ©
1981.
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Minimum Work Area
Figure 93 shows the minimum work area for the average man/ large woman and a large
man.

Figure 93. Minimum work areas for the average man/ large woman and a large man

From Figure 93 it is understood that the width of the scanner handles should be between
203mm and 459mm.
Maximum Extended Grip
Figure 94 shows the maximum extended grip radius for the 2.5 percentile woman and the
97.5 percentile man. Figure 94 also indicates the scanner being held in one hand at
different angles. This indicates that the scanner can be easily used within and beyond the
maximum arm reach of the indicated range.
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Figure 94. Maximum extended grip radius of 2.5 percentile woman and 97.5 percentile man

Work Height
Since the scanner will be suspended, rather than floor or bench mounted, it can be
‘stored’ up and out of the way when performing duties such as removing the hide from
the bench. The height at which it is stored will depend on the user and the suspension
mechanism. Figure 95 shows the scanner used in upper and lower extents by the 5
percentile female and the 97.5 percentile male. The upper reach of the 97.5 percentile
male is not considered important as the greater difficulty in reaching the scanner will be
with the 5 percentile female.
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Figure 95. Working height of the 5 percentile female and the 97.5 percentile male

The key ergonomic information found in Figure 95 is the minimum distance the lower
extent of the hand should be from the work bench which is 102 mm for both height
ranges. Therefore, as the handle of the selected form for the scanner will slope
downwards, the outer extents of the handle should not be lower than 102 mm.

102
Grip Detail
Figure 96 shows the optimal ‘cylinder’ grip diameter range for both males and females.

Figure 96. Optimal grip diameter range for males and females.

In Figure 96 the optimal cylinder grip diameter range for both male and female users is
between 22 – 32 mm. Therefore, the grip of the scanner should not exceed this limit.
Summary:
The distance between grip areas should be between 203 mm and 457 mm and the actual
grips should not exceed 32 mm in diameter. The handle should be high enough so that the
users’ hand is a minimum of 102 mm from the base.
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11.0 Redesigned Stamping Machine
The LVS is based on a redesign of the Gibson Bas Stamper. To create the markings
required by the LVS the following alterations are proposed.
The current stamping system (Gibson Bas system) is able to achieve a minimum of 25
mm between blades. This is due to the specifications of the hydraulic cylinder used to
drive the blades and the configuration of the current hide label. The blades themselves
have a width of 6 mm.
It is proposed that with the redesign of the barcode-like label for the Leather Vision
System, the stamping blades need to be repositioned into a single line (or a multiple of
lines for a multi-tiered label). The distance between blades can be reduced by
‘staggering’ the hydraulic cylinders and redesigning some of the blades to fit between
other blades. The purpose of minimising the distance between the stamping blades is to
limit the area used by the label and increase the saleable hide area. As the fibres of the
hide expand and shrink during the tanning process the marked area could undergo
deformation which may cause read-error problems. Reducing the distance between blades
will minimise the read-error rate by decreasing the amount of area to be deformed.
Figure 97 illustrates a possible arrangement of hydraulic cylinders and redesigned
stamping blades, based on the current Gibson Bas system. Figure 98 is a close-up view of
the blade and guide plate configuration which shows that the blades are flat in order to
create a cut-like mark through the hide. These images show a 7-bladed version of the
redesigned labelling machine which is only to demonstrate the means by which the
punched code can be condensed. By adding more cylinders and blades the code can be
extended to contain more code variations.
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Figure 97. A hydraulic cylinder and blade configuration

Figure 98. A close-up view of blade and guide plate configuration

With the hydraulic cylinder and blade arrangement shown in Figures 97 and 98 the
minimum distance between blades can be around 12 mm. If, for example, 17 blades were
used in this configuration, the code would be a 16 bit code which would contain 65,536
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variations in a label that is around 190 mm long. Further configurations may allow for
closer blades, and therefore more condensed code markings. In addition to condensing
the code markings the label can be multi-tiered, which would allow for much greater code
variations in relatively little extra hide surface. This would mean more saleable hide area
than attained with the current Gibson Bas system.
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12.0 CAD Model
A CAD (computer aided design) model of the LVS was produced as a virtual model of
the intended final product. This model is an initial concept design based on ergonomic
dimensions from chapter 10 and a general understanding of the specifications of the
Gibson Bas stamping system. The concept presented in this chapter is also designed
around proposed modifications to the Gibson Bas stamping system mentioned in chapter
11.
Figure 99 shows the front and side views of the CAD model of the LVS. The dimensions
shown indicate the design is within the ergonomic requirements as mentioned in chapter
10.

Figure 99. Front and side views of the LVS with ergonomic dimensions

The length and width of the scanner’s body allows for a 3-tiered, 10-bit code label with a
length of around 270 mm, but the general size and shape of the scanner may change with
the amount of coded information required by the tanning industry and the selection of
electronic components.
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12.1 Components
The components of the LVS are conceptual and not designed around existing electronic
hardware. This is because the range of suitable electronic components available now is
very large, and their selection is dependent on price, performance and available
manufacturing funds. Also, without further interaction from industry experts it is difficult
to finalise the form and components of the LVS scanner. Therefore, all aspects of the
LVS scanner are based on ergonomic specifications, the hide label requirements and a
general understanding of available electronic hardware.
All materials mentioned in this chapter are based on those of chapter 9.12 Material
Specifications.

12.1.1 Handle Assembly
The handle assembly incorporates the suspension assembly, the handle bar and the handle
grips. The configuration and dimensions are derived from form testing and ergonomic
specifications.
The materials used in the handle assembly are stainless steel and rubber. Figure 100
shows the handle assembly in front view and perspective view.
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Figure 100. The handle assembly

12.1.2 Camera Assembly
The camera assembly is configured to fit into the top of the scanner body and is made
from moulded polyoxymethylene. Figure 101 shows the camera assembly in several
views.

Figure 101. The camera assembly
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12.1.3 Scanner Body
The scanner body is a hollow housing that separates the camera from the lower
components of the LVS scanner. It is made from either injection or vacuum-moulded
Poly Vinyl Chloride and is transparent-black in appearance. The purpose of the colouring
is to allow the user to see through the material when aligning the scanner to the code
markings while shielding ambient light from the hide surface. The walls of the scanner
body are rounded to limit visual interference caused by glare. Figure 102 shows the
scanner body in several views.

Figure 102. The scanner body
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12.1.4 Base Pad Assembly
The base pad assembly incorporates the lights and an optical sensor. The base pad itself is
made from moulded unfilled Butyl rubber. The configuration and materials of this
component allow it to cushion impact to the scanner body, house the optical sensor and
light components and shield the hide markings from external light. Figure 103 shows the
base pad assembly in several views with individual components indicated. The purpose of
the blue line in the background is to act as a visual aid in highlighting detail on the dark
surface of the base pad.

Figure 103. The base pad assembly

Optical Sensor
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The purpose of the optical sensor is to activate the lights and camera automatically when
the pad is placed onto the hide surface. This eliminates the need for a trigger mechanism
and makes the scanner easier and quicker to use. The current configuration of the optical
sensor window may require occasional cleaning by wiping with a cloth. A recessed
window would require less maintenance but would be more difficult to clean. With
further software development the function of the optical sensor could be performed by the
camera. This would negate the need for the optical sensor.

12.2 Components Combined
Figure 104 shows the LVS scanner in two perspective views with all components
combined and with individual components indicated.

Figure 104. Two perspective views of the LVS scanner

Figure 105 shows a simulation of the LVS scanner in use.
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Figure 105. Simulation of the LVS scanner in use

Figure 105 shows how easily the user can see the marked area on the hide through the
wall of the scanner body. The lights in the base plate would illuminate the hide markings,
making it even easier to see them through the body wall.
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13.0 Costing
As this is an initial concept design it is difficult to estimate the cost of the system.
However, in view of available manufacturing processes and materials as well as the
simplicity of the required software, it could be reasonable to price the scanner unit and
software to be between AUD$ 3000 - $8000. The stamping unit, however, is only a
variation of the Gibson Bas stamping system. As the overall mechanics and control
software is very much the same it could be reasonable to expect the cost of the stamping
unit to be around the same price of AUD$ 80,000. Therefore, the maximum total cost of
the LVS is around AUD$ 88,000.
Ideally one stamping unit would be located at an abattoir and several scanning units at
each tannery. The tanneries would only require one copy of the controlling and database
interfacing software for several scanning units. As the tanneries may only require
scanning units and software, the cost for these items may very well be substantially less
than the estimated maximum total cost of the LVS system.
In the light of the scenario mentioned in chapter one, it would be reasonable to estimate
that each pallet load of reject hides costs Australian leather manufacturers approximately
AUD $100,000. Therefore, for the price of one pallet of reject hides, manufacturers could
have a complete LVS (including the stamping system). By applying the LVS a tannery
could use the trace back system to reduce the expense incurred by reject hides by
identifying false claims, i.e. hides not originating from that tannery, and therefore
returning those hides rather than paying for them.
As loads of reject hides are received on a weekly basis it could be seen that the cost of the
LVS would be ‘justified’ within one or two weeks. Even if all the reject hides do
originate from the receiving tannery the LVS can still be used to trace back through the
processing stages or even back to the farm (depending on the detail of records kept) and
identify factors that may have caused the diminished hide quality, and thereby avoiding
or dealing with those factors in the future. This further justifies the cost of the LVS.
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14.0 Decoding Software
Dr. Stephen Hughes developed a software code that ‘reads’ the images produced by the
Leather Vision System and decodes them into a binary number and then into a decimal
number. It is proposed that further development of this software could incorporate camera
and lighting control, a suitable interface and interaction with a database. With these
additions, the LVS can be offered to the tanning industry as a complete package.

Conclusion
The Leather Vision System has been developed through a combination of scientific
research and Industrial Design. It provides a means of reading animal hides labelled with
a modified Gibson – Bas stamping system through and after the tanning process. It is
designed to maximise ease of use and operation efficiency as well as minimise it’s
manufacturing costs by utilising low cost manufacturing methods and materials.
By applying the LVS a tannery would be able to confidently facilitate product trace-back
and maintain quality assurance records as it would be more reliable than the current
human-operated system. Because of the LVS, the Australian government will now be
able to achieve the goal of the Hide Improvement Program. The purpose of this program
was to identify and reward graziers for better care of their animal stock, resulting in
higher quality hides.
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Appendix B
PVC (Rigid, Moulding)
General
Designation
Poly Vinyl Chloride (Rigid, Moulding)
Tradenames
Acvitron; Advex; Alphacan; Apex; Apiflex; Arlinyl; Asnil; Benvic; Boltaron; Celtec; Certavin;
Clealite; Crossvinil; Crylac; Decelith; Dural; Duromix; Ecolvin; Ecovil; Epivyl; EslonPlate; Etinox;
Evicom; Evilon; Fiberloc; Formolon; Geon; GeonFiberloc; Hishiplate; Hy-Vin; Indovin; Kaneka;
Lacovyl; Lajavinyl; Lucalor; Marvelate; Marvylan; Mazpound; Mecian; Mron; Nakan; NanYa;
Neralit; Nipolit; Nordvil; Norvinyl; Novablend; Novacycle; Novatemp; Nuvin; Oxyclear; OxyVinyls;
Palvinyl; Petvinil; Pevikon; Polanvil-S; Polyvin; Reon; Rimtec; Simona; Sinvicomp; Sinvoprene;
Slovanyl; SolVin; Sumilite; Sunprene; Superkleen; Suvyl; Sylvin; Tanegum; Tarvinyl-S; Tecavinyl;
Tefanyl; Treglum; Trocal; Tygon; Unichem; Vinidur; Vinika; Vinnolit; Vinoflex; Vintec; Vinuran;
Vinycel; Vinychlon; Vinyfoil; Vistel
Density
1300
- 1580
kg/m^3
Price
1.699
- 2.417
AUD/kg
CO2 creation
1.85
- 2.04
kg/kg
Production Energy
63.5
- 70.2
MJ/kg
Recycle Fraction
* 0.45
- 0.55
Oxygen Index
44
- 46
%
Water Absorption
0.04
- 0.4
%

Composition
Composition (Summary)
(CH2CHCl)n
Polymer Class
Polymer Type
% filler
Filler Type

Thermoplastic: Amorphous
PVC
0
%
Unfilled

Mechanical
Bulk Modulus
Compressive Modulus
Compressive Strength
Elongation
Elastic Limit
Endurance Limit
Flexural Modulus
Fracture Toughness
Hardness - Vickers
Hardness - Rockwell M
Hardness - Rockwell R
Izod Toughness
Loss Coefficient
Modulus of Rupture
Poisson's Ratio
Shape Factor
Shear Modulus
Tensile Strength
Young's Modulus

* 4.681
* 2.41
55.2
40
40.7
* 16.21
2.01
2
* 12.2
* 76
110
2.1
* 9.662e-3
69
* 0.3825
6.7
* 0.8667
40.7
2.41

-

4.916
4.14
89.6
80
44.8
21.07
2.11
4
13.4
84
120
49
0.0166
110
0.398

GPa
GPa
MPa
%
MPa
MPa
GPa
MPa.m^1/2
HV

-

1.489
51.7
4.14

GPa
MPa
GPa

kJ/m^2
MPa
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Thermal
Glass Temperature
Heat Deflection Temperature 0.45MPa
Heat Deflection Temperature 1.8MPa
Maximum Service Temperature
Minimum Service Temperature
Specific Heat
Thermal Conductivity
Thermal Expansion

75
57
60
* 50
* -43
* 1355
0.147
90

-

105
82
77
63
7
1409
0.209
180

°C
°C
°C
°C
°C
J/kg.K
W/m.K
µstrain/°C

2e-3
68.8
141
* 109
149

-

6e-3
275
204
173
213

mm/mm
MPa
°C
°C
°C

13.8
3
0.02
1e20

-

19.7
3.2
0.03
1e22

MV/m

Processing
Linear Mould Shrinkage
Moulding Pressure Range
Processing Temp. (Compression)
Processing Temp. (Extrusion)
Processing Temp. (Injection)

Electrical
Breakdown Potential
Dielectric Constant
Dissipation Factor
Resistivity

Optical
Transparency

Transparent

Environmental Resistance
Flammability
Fresh Water
Organic Solvents
Oxidation at 500C
Sea Water
Strong Acid
Strong Alkalis
UV
Wear
Weak Acid
Weak Alkalis

Very Good
Very Good
Average
Very Poor
Very Good
Very Good
Very Good
Very Good
Average
Very Good
Very Good

Notes
Typical Uses
Pipe and pipe fittings; building products; bottles; film; records; floor tiling.

µohm.cm
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Appendix C
POM (UV Stabilized Homo-polymer)
General
Designation
Polyoxymethylene (UV Stabilized Homo-polymer)
Tradenames
Acetron; Alcom; Amcel; Amilus; Anjaform; BeetleAcetal; Bergaform; Celcon; Compocet;
Dafnelan; Delrin; Deniform; Duracon; Durmax; Ecoform; Encore; Ensital; Ertacetal; Formax;
Formosacan; Hostaform; Isotal; Iupital; Kematal; Kepital; Kocetal; Kopla; Latan; Lucel; Lucet;
Lunex-T; Luvocom; Murytal; Nevipom; Niform; Nyloy; Palform; Paomalux; Pertal; Poliform;
POLYform; Pomfor; Seratal; Sniatal; Talnex; Tarnoform; Taroform; Tecaform; Tekuform; Tenac;
Tepcon; Terez; TismoPoticon; Ultraform; Whistatt
Density
1410
- 1430
kg/m^3
Price
* 4.855
- 5.353
AUD/kg
CO2 creation
* 3.85
- 4.26
kg/kg
Production Energy
* 100
- 111
MJ/kg
Recycle Fraction
* 0.45
- 0.55
Oxygen Index
14
- 16
%
Water Absorption
0.23
- 0.27
%

Composition
Composition (Summary)
(CH2-O)n
Polymer Class
Polymer Type
% filler
Filler Type

Thermoplastic: Semi-crystalline
POM
0
%
Unfilled

Mechanical
Bulk Modulus
Compressive Modulus
Compressive Strength
Elongation
Elastic Limit
Endurance Limit
Flexural Modulus
Fracture Toughness
Hardness - Vickers
Hardness - Rockwell M
Hardness - Rockwell R
Izod Toughness
Loss Coefficient
Modulus of Rupture
Poisson's Ratio
Shape Factor
Shear Modulus
Tensile Strength
Young's Modulus

* 2.974
* 2.76
* 78.84
40
65.7
* 24.22
2.89
* 2.597
* 19.7
89.5
* 117
7.9
* 0.0129
97.2
0.33
4.9
* 1.03
65.7
2.76

-

3.122
3.1
86.88
75
72.4
31.49
2.96
3.255
21.7
98.7
129
12
0.01449
98.6
0.35

GPa
GPa
MPa
%
MPa
MPa
GPa
MPa.m^1/2
HV

-

1.157
72.4
3.1

GPa
MPa
GPa

-18
168
125
* 77
166

-

-8
169
129
97
184

°C
°C
°C
°C
°C

kJ/m^2
MPa

Thermal
Glass Temperature
Heat Deflection Temperature 0.45MPa
Heat Deflection Temperature 1.8MPa
Maximum Service Temperature
Melting Point
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Minimum Service Temperature
Specific Heat
Thermal Conductivity
Thermal Expansion

*
*
*
*

-43
1364
0.2979
93.22

-

7
1419
0.3098
95.09

°C
J/kg.K
W/m.K
µstrain/°C

*
*
*
*

0.018
68.8
173
154
204

-

0.025
138
219
198
227

mm/mm
MPa
°C
°C
°C

18.9
3.6
4.6e-3
3.3e20

-

20.5
3.8
5e-3
3e21

MV/m

Processing
Linear Mould Shrinkage
Moulding Pressure Range
Processing Temp. (Compression)
Processing Temp. (Extrusion)
Processing Temp. (Injection)

Electrical
Breakdown Potential
Dielectric Constant
Dissipation Factor
Resistivity

µohm.cm

Optical
Transparency

Opaque

Environmental Resistance
Flammability
Fresh Water
Organic Solvents
Oxidation at 500C
Sea Water
Strong Acid
Strong Alkalis
UV
Wear
Weak Acid
Weak Alkalis

Poor
Very Good
Good
Very Poor
Very Good
Very Poor
Very Good
Very Good
Good
Good
Very Good

Notes
Typical Uses
Fuel-system; seat-belt components; steering columns; window-support brackets and handles;
shower heads, ballcocks, faucet cartridges, and various fittings; quality toys; garden sprayers;
stereo cassette parts; butane lighter bodies; zippers; telephone components; couplings; pump
impellers; conveyor plates; gears; sprockets; springs; gears; cams; bushings; clips; lugs; door
handles; window cranks; housings; seat-belt components; watch gears; conveyor links;
aerosols; mechanical pen and pencil parts; milk pumps; coffee spigots; filter housings; food
conveyors; cams; gears; TV tuner arms; automotive under hood components.
Warning
Not resistant to phenols. Degraded by contact with zinc ions.
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Appendix D
Wrought Martens. Stainless Steel, AISI 420, tempered @204C
General
Designation
S-Steel: AISI 420, tempered at 204C
Density
7600
- 7800
kg/m^3
Price
3.186
- 4.167
AUD/kg
CO2 creation
* 2.91
- 3.21
kg/kg
Production Energy
* 46.2
- 51.1
MJ/kg
Recycle Fraction
* 0.65
- 0.75
Trade names
ARGESTE 4034 YD/YC/YN, Stahlwerk Ergste Westig GmbH (GERMANY); ACX 370, Acerinox,
S.A. (SPAIN); ACX 365, Acerinox, S.A. (SPAIN); ARGESTE 4021 YB/YC, Stahlwerk Ergste
Westig GmbH (GERMANY); VAL2BZ, Acciaierie Valbruna SpA (ITALY); WESTIG 4021, Westig
(U.K.) Ltd. (UK);

Composition
Composition (Summary)
Fe/>.15C/12-14Cr/<1Mn/<1Si/<.03P/<.03S
Base
C (Carbon)
Cr (Chromium)
Fe (Iron)
Mn (Manganese)
P (Phosphorus)
S (Sulphur)
Si (Silicon)

Fe (Iron)
0.15
12
82.94
0
0
0
0

-

1
14
87.85
1
0.03
0.03
1

%
%
%
%
%
%
%

144
1330
5
1330
* 581
* 21
540
* 2.3e-4
1330
0.275
15
75
1550
195

-

159
1630
11
1630
669
40
590
3e-4
1630
0.285

GPa
MPa
%
MPa
MPa
MPa.m^1/2
HV

-

81
1890
205

GPa
MPa
GPa

* 144
1450
-73
450
23
9

-

194
1510
-43
500
27
11

°C
°C
°C
J/kg.K
W/m.K
µstrain/°C

49

-

60

µohm.cm

Mechanical
Bulk Modulus
Compressive Strength
Elongation
Elastic Limit
Endurance Limit
Fracture Toughness
Hardness - Vickers
Loss Coefficient
Modulus of Rupture
Poisson's Ratio
Shape Factor
Shear Modulus
Tensile Strength
Young's Modulus

MPa

Thermal
Maximum Service Temperature
Melting Point
Minimum Service Temperature
Specific Heat
Thermal Conductivity
Thermal Expansion

Electrical
Resistivity
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Environmental Resistance
Flammability
Fresh Water
Organic Solvents
Oxidation at 500C
Sea Water
Strong Acid
Strong Alkalis
UV
Wear
Weak Acid
Weak Alkalis

Very Good
Very Good
Very Good
Very Good
Very Good
Good
Average
Very Good
Good
Very Good
Very Good

Notes
Typical Uses
Processing of potentially corrosive liquids, e.g. chemicals, oil, beverages, sewage; Structural
uses in corrosive environments, e.g. nuclear plants, ships, offshore oil installations, underwater
cables and pipes.
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Appendix E
Cast martensitic stainless steel (ASTM CA-40) Temper at 595C
General
Designation
S-Steel: ASTM A743, CA-40: 12Cr-0.3C (Tempered at 595C)
UNS Number
J91153
Density
7560
Price
* 2.206
CO2 creation
* 2.97
Production Energy
* 47.2
Recycle Fraction
* 0.65
-

7660
3.677
3.28
52.1
0.75

kg/m^3
AUD/kg
kg/kg
MJ/kg

-

0.4
14
86.8
1
0.5
1
0.04
0.04

%
%
%
%
%
%
%
%
%

144
815
8
815
* 406
* 350.6

-

159
910
12
910
470
534.7

GPa
MPa
%
MPa
MPa
MPa

* 35
300
* 4.1e-4
815
0.275
27
75
930
195

-

51
320
4.9e-4
910
0.285

MPa.m^1/2
HV

-

81
1140
205

GPa
MPa
GPa

* 535
1475
* -73
450
23
9

-

585
1515
-43
470
26
11

°C
°C
°C
J/kg.K
W/m.K
µstrain/°C

71

-

81

µohm.cm

Composition
Composition (Summary)
Fe/.2-.4C/11.5-14Cr/<1Ni/<.5Mo/<1Mn/1.5Si/<.04P/<.04S
Base
Fe (Iron)
C (Carbon)
0.2
Cr (Chromium)
11.5
Fe (Iron)
81.52
Mn (Manganese)
0
Mo (Molybdenum)
0
Ni (Nickel)
0
P (Phosphorus)
0
S (Sulphur)
0
Si (Silicon)
1.5

Mechanical
Bulk Modulus
Compressive Strength
Elongation
Elastic Limit
Endurance Limit
Fatigue Strength Model (Stress Range)
Parameters: Stress Ratio = -1, No. of Cycles = 1e7

Fracture Toughness
Hardness - Vickers
Loss Coefficient
Modulus of Rupture
Poisson's Ratio
Shape Factor
Shear Modulus
Tensile Strength
Young's Modulus

MPa

Thermal
Maximum Service Temperature
Melting Point
Minimum Service Temperature
Specific Heat
Thermal Conductivity
Thermal Expansion

Electrical
Resistivity
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Environmental Resistance
Flammability
Fresh Water
Organic Solvents
Oxidation at 500C
Sea Water
Strong Acid
Strong Alkalis
UV
Wear
Weak Acid
Weak Alkalis

Very Good
Very Good
Very Good
Very Good
Very Good
Good
Average
Very Good
Good
Very Good
Very Good

Notes
Standards with Similar Compositions
The following information is taken from ASM AlloyFinder 3.
BDS 6738(72) 3Ch13 (Bulgaria)
BDS 9631 3Ch14L (Bulgaria)
GB 2100(80) ZG2Cr13 (China)
JB/ZQ 4299(88) ZG3Cr12Mo (China)
AFNOR Z30C13M (France)
AFNOR NFA32056 Z28C13M (France)
DIN 17465(93) GX40CrSi13 (Germany)
DIN 17465(93) WNr 1.4729 (Germany)
MSZ 4357(81) AoX40CrSi13 (Hungary)
MSZ 4357(81) AoX40CrSi13F (Hungary)
UNI 3159 GX35Cr13 (Italy)
UNI 3161(83) GX30Cr13 (Italy)
JIS G5121(91) SCS2 (Japan)
JIS G5121(91) SCS2A (Japan)
JIS G5122(91) SCH3 (Japan)
DGN B-354 CA-40 (Mexico)
PNH86020 3H13 (Poland)
STAS 6855(86) T40SiCr130 (Romania)
GOST 5632 30Ch13 (Russian Federation)
UNE 36257(74) AM-X30Cr13 (Spain)
UNE 36257(74) F.8402 (Spain)
BS 3146/2(75) ANC1(C) (United Kingdom)
ACI CA-40 (USA)
ASTM A743/A743M(98) CA-40 (USA)
CL.4275 (Yugoslavia)
Typical Uses
Food processing; Glass-making; Oil refining; Power plants; Pulp and paper making;
Warning
Tempering at 595 C leads to relatively poor corrosion resistance.
Other Notes
Highest strength, hardness and corrosion resistance is obtained by tempering at 315 C, but
ductility is then poor. Worst corrosion resistance occurs when tempered at 595 C.
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Appendix F
Butyl Rubber, unfilled
General
Designation
Butyl Rubber: unfilled
Density
Price
CO2 creation
Production Energy
Recycle Fraction
Oxygen Index
Water Absorption

*
*
*
*
*

900
1.459
2.1
75.9
0.02
16
0.2

-

920
1.605
2.32
83.8
0.04
18
0.3

kg/m^3
AUD/kg
kg/kg
MJ/kg
%
%

Composition
Composition (Summary)
(CH2-C(CH3)-CH-(CH2)2-C(CH3)2)n
Base
Polymer

Polymer
100

%

Mechanical
Bulk Modulus
Compressive Strength
Elongation
Elastic Limit
Endurance Limit
Flexural Modulus
Fracture Toughness
Loss Coefficient
Modulus of Rupture
Poisson's Ratio
Shape Factor
Shear Modulus
Tensile Strength
Young's Modulus

* 1.5
2.4
400
2
* 0.9
* 1e-3
0.07
* 0.89
2
0.499
1.6
3e-4
5
1e-3

-

2
9.6
500
3
1.35
2e-3
0.1
2.1
3
0.4995

GPa
MPa
%
MPa
MPa
GPa
MPa.m^1/2

-

6e-4
10
2e-3

GPa
MPa
GPa

-73
97
-51
1800
0.08
120

-

-63
120
-43
2500
0.1
300

°C
°C
°C
J/kg.K
W/m.K
µstrain/°C

16
* 2.5
1e15
1e-4

-

23
3
1e16
0.01

MV/m

MPa

Thermal
Glass Temperature
Maximum Service Temperature
Minimum Service Temperature
Specific Heat
Thermal Conductivity
Thermal Expansion

Electrical
Breakdown Potential
Dielectric Constant
Resistivity
Power Factor

µohm.cm
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Environmental Resistance
Flammability
Fresh Water
Organic Solvents
Oxidation at 500C
Sea Water
Strong Acid
Strong Alkalis
UV
Wear
Weak Acid
Weak Alkalis

Very Poor
Very Good
Average
Very Poor
Very Good
Average
Very Good
Good
Good
Very Good
Very Good

Notes
Typical Uses
Car tyres, seals, belts, anti-vibration mounts, electrical insulation, tubing, rubber lining pipes and
pumps.
Warning
Oxidisation and UV degradation
Other Notes
Standard hardness measurements are impossible to perform on elastomers, as it is very difficult
to make a permanent indentation in them.

