1 EXECUTIVE SUMMARY

1.1 Summary of Project

The 2003 Australian Wool Innovation Ltd (AWI) On-Farm Fibre Measurement (OFFM)
Instrument Evaluation Trial was a direct outcome of market research commissioned by AWI,
which indicated an increasing need by wool producers for an independent and objective
assessment of the commercial application of the two current OFFM technologies (OFDA2000
and Sirolan Fleecescan™). AWI established an Expert Advisory Group to provide assistance
and guidance with the implementation of the trial and the analysis and interpretation of the trial
results.

Rather than simply compare the OFDAZ2000 (incorporating both pinbone and midside sampling)
and the Sirolan Fleecescan™ on-farm, the trial included comparisons with laboratory fleece
measurement systems (at an AWTA Ltd Laboratory). Hence, both midside sampling and
pinbone sampling followed by laboratory preparation and measurement on both a Sirolan
Laserscan and an OFDA100 were part of the trial protocol.

The key objectives of the instrument evaluation project (the trial) were to quantify:

(1) The precision and accuracy of the commercially available sampling/measurement systems,
with respect to an entire fleece; for the measured characteristics, principally Mean Fibre
Diameter (MFD); but including: Standard Deviation of Fibre Diameter (SDD), Coefficient
of Variation of Fibre Diameter (CVD), Comfort Factor (CFR) and Mean Fibre Curvature
(MFC).

(2) The ability of the sampling/measurement systems, principally the Fleecescan and the
OFDA2000 (with midside sampling) to class a single mob wool clip into lines of
distinctive MFD categories (minimum category of one micrometre (um)); and

(3) The ability of the sampling/measurement systems, principally the Fleecescan and the
OFDA2000 (with midside sampling) to rank individual sheep on the basis of MFD.

A key element of Phase 1 of this trial was to establish the “true” Whole Fleece values for each
individual fleece. For the first time in any study of this type, each individual fleece was core
sampled and tested using procedures that reflect those used for Presale Certification of sale lots.
These values became the benchmark against which all OFFM systems were compared.

Objective (1) was principally investigated in Phase 1 of the trials, while Objectives (2) and (3)
were examined in Phase 2 of the trials. The trials were specifically directed towards providing
knowledge that could be used by woolgrowers (or their sheep and wool customers) to make
informed decisions with respect to the use of these OFFM instruments for clip preparation, sheep
breeding and/or flock management.

The trial provided an opportunity to benchmark one instrument against the other; and against the
other commercially accepted method of fleece measurement using on-farm midside sampling
and off-farm laboratory measurement; and against IWTO Certified results for on-farm prepared
sale lots.

The trial also provided an opportunity to assess variability between operators and their
instruments. As each operator had a separate instrument, these two components could not be
separated in this trial; hence the variance for the operator-instrument effect was combined. It
was expected that the majority of this variance would be due to operators, since experience
suggests that there is little variation between instruments when used for diameter distribution
measurement.
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1.2

1.2.1 Accuracy

Key Outcomes — Phase 1

The overall means and biases (referenced to the Whole Fleece Average Value) are presented
below (Note: for a given parameter values with the same letter are considered to be statistically

equivalent (p>0.05)):
Whole Pinbone Samples Fleece Midside Samples
Parameter | Fleece | Lab Lab OFDA- | Fleece- | OFDA- Lab Lab
Avg LSN | OFDA100 | 2000 scan 2000 | OFDA100 | LSN
MFD 19.5 | 20.1cd 20.2d 20.3d | 19.7bc | 19.3ab 19.3ab 19.2a
Diff Wh Flc 0.5 0.7 0.7 0.2 -0.2 -0.2 -0.4
SDD 4.1 4.0cd 4.0d 3.7b 4.0cd 3.6a 3.9¢c 3.8b
Diff Wh Flc -0.1 -0.1 -0.3 -0.1 -0.5 -0.2 -0.3
CVvD 20.8 | 19.7b 19.7b 18.3a 20.1b 18.5a 20.1b 19.6b
Diff Wh Flc -1.0 -1.1 -2.4 -0.7 -2.2 -0.7 -1.2
CFR 98.1 | 97.6ab 97.4a 97.6ab | 98.0abc | 98.8c 98.6bc | 98.6bc
Diff Wh Flc -0.6 -0.7 -0.6 -0.2 0.6 0.4 0.4
MFC 93 94c 84ab 80a 99c 82a 88b 98c
Diff Wh Flc 2 -9 -13 6 -11 -4 5

The following are the key conclusions that can be drawn from the analysis of the MFD results:

(@)
(b)

(©)

(d)

For on-farm MFD measurements, OFDA2000 measured on midsides and Fleecescan
measured on fleeces gave equivalent accuracy compared with the whole fleece average.

For MFD, the pinbone samples measured on-farm or in a laboratory provided
significantly higher results (average +0.6 um) than the whole fleece average. The
pinbone as a sampling site does not give as accurate a measure of MFD for the whole
fleece.

For MFD, the midside samples measured on-farm or in a laboratory tended to produce
lower results (average -0.3 pum) than the whole fleece average, but they were not always
significantly different.

For MFD, on an individual property basis, it is unlikely that on-farm results from
OFDA2000 midside and Fleecescan will exactly match the Certified Test results for a

property.

In general, the accuracy of measurement for the four other parameters by the seven
instruments/methods used was more variable than for MFD. The following conclusions apply:

(€)

(f)

SDD and CVD measured using OFDA2000 exhibited the greatest divergence from the
whole fleece average (-0.3 um to —0.5 um for SDD and -2.2% to —2.7% for CVD) and
were probably influenced by the *“distribution trimming” tool used in the OFDAZ2000
software. It is recommended that the manufacturers further examine this.

Compared to the whole fleece average, the CFR results for pinbone samples were,
averaged across all instruments, significantly lower (-0.7%), while the midside results
were overall significantly higher (+0.6%).
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@)

It is generally acknowledged that the measurement of MFC is greatly influenced by the
sample preparation for each instrument. The whole fleece Lab OFDA100 and Lab LSN
results differed on average by 10 degrees/mm. When whole fleece Laserscan was used as
the basis for comparisons for Fleecescan and Lab LSN; and when the whole fleece
OFDA100 was used as the basis for comparisons for Lab OFDA100 and OFDA2000 the
following conclusions can be drawn for the circumstances prevailing in this trial:

- midside sampling followed by laboratory testing produced MFC results consistent
with the whole fleece values;

- pinbone sampling produced MFC results that were lower than the whole fleece
values by 4 degrees/mm;

- Fleecescan produced MFC results consistent with the whole fleece values; and

- OFDA2000 produced MFC results that were 7 degrees/mm lower than the
corresponding whole fleece OFDA100 values, whether the sample was drawn from
the midside or the pinbone. The difference is likely to be related to the totally
different preparation systems used for the OFDA100 and the OFDA2000.

It is probable that calibration systems for MFC will shortly be introduced. It is to be expected
that the biases between instruments/preparation systems found in this trial will be significantly
reduced when such systems are implemented.

1.2.2 Precision

The Overall Confidence Limits are presented below (Note: for a given parameter, values with
the same letter are considered to be statistically equivalent (p>0.05)):

Fleece Pinbone Samples Fleece Midside Samples
Parameter | Whole Lab Lab OFDA | Fleece- | OFDA Lab Lab
FlcAvg| LSN | OFDA100 | -2000 scan -2000 | OFDA100 | LSN
MED 19.5 +1.19¢ +1.25¢ +1.39d | £1.17b | +1.24c | +1.05ab | +1.04a
SDD 4.1 +0.7a +0.5a +0.5a +0.7a | +0.5a +0.5a +0.6a
CVvD 20.8 +3.3c +2.4a +2.2a | #3.4c | *2.2a +2.4a +2.9b
CFR 98.1 +2.3a +2.6a +2.6a +1.8a | *1.6a +1.5a +1.6a
MFC 93 +15b +12ab +13b | +13ab | £12ab +10a +13ab

The main conclusions related to analysis of the MFD results are as follows:

(@)

(b)

To be meaningful for sheep selection and fleece classing, precision comparisons can only
be made for estimates relevant to the whole fleece as those relevant to a site do not
include all the sources of variation present over an animal.

The Confidence Limit estimates for MFD measurements varied from +1.04 pum to +1.39
pum across the different systems evaluated in the trial. The following comments are
relevant to MFD:

- midside sampling and laboratory testing in accordance with AS/NZS 4492.4:2000
(Laserscan) and AS/NZS 4492.5:2000 (OFDA100) gave the lowest (best) and
equivalent Confidence Limits of £1.04 um for Laserscan and +1.05 um OFDA100;

- the Fleecescan (£1.17 pm) and OFDA2000 midside sampling (£1.24 pm) were
considered to be equivalent in precision;

- the pinbone sampling produced results which had poorer (higher) Confidence Limits
than midside sampling;

- the pinbone sampling and OFDA2000 measurement produced the (worst) highest
Confidence Limit (x1.39 um) of all the methods evaluated in this trial; and
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- the 95% confidence limits increased with the average MFD of the mobs, reflecting

the normal level-dependency observed for laboratory-based diameter measurement
systems.

For the other parameters the following conclusions related to precision can be drawn:

(©)
(d)

(€)

(€)
(f)

(9)

(h)

1.3

The Confidence Limit estimates for SDD measurements varied from +0.5um to £0.7um
and with all methods of measurement being considered equivalent.

The Confidence Limit estimates for CVD measurements varied from +.2.2% to +3.4%.
The OFDA2000 with mid-side sampling produced the best results (£2.2%); but this needs
to be considered in light of the “accuracy” results shown above, in that that the
OFDA2000 also produces lower CVD values by 2% to 3%. Fleecescan and pinbone
sampling with Lab LSN measurement gave the worst Confidence Limit of +3.4% and
+3.3%, respectively.

The Confidence Limit estimates for CFR measurements varied from +£1.5% to +2.6%
with all methods of measurement being considered equivalent. There was a tendency for
the pinbone samples to produce poorer (higher) Confidence Limit than the midside
samples.

The Confidence Limit estimates for MFC measurements varied from +10 degrees/mm to
+14 degrees/mm.

Ideally, measurements on high value animals (such as rams) should be performed using
the best possible precision (the lowest Confidence Limit) as there is greater selection
emphasis placed on these animals and more reliance placed on the test result.

Laboratory measurements in accordance with AS/NZS 4492.4:2000 (Laserscan) and
AS/NZS 4492.5:2000 (OFDA100) offer slightly better precision (lower Confidence
Limits) and correlations with whole fleece measurements, ultimately resulting in slightly
better selection differentials than both OFDA2000 and Fleecescan on-farm methods.
However, there is less than 0.05 um at 80% and 0.07 pum at 20% in selection differential
between on-farm and laboratory measurement methods.

These differences in precision are unlikely to have a large impact on the genetic and
economic gain that can be derived from animal selections using MFD. Thus, wool
producers need to weigh up the convenience benefits of on farm testing against any small
loss of precision when considering which test procedure to use for their flock and
circumstances. Other service factors such as testing costs, labour efficiency and yard or
shed design may be more important.

Key Outcomes — Phase 2

1.3.1 Clip Preparation

The figure below shows the strong relationship between the on-farm Fleecescan and OFDA2000
results for each bin line and the Certified Test results for each bin. The 1:1 line (Y=X) is also
presented. Values above the Y=X line indicate OFFM results are finer than the Certified results
and values below the line indicate OFFM results are coarser than the Certified results.
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The following conclusions were drawn based on the results presented for the three properties:

(@)

(b)

(©

(d)

(€)
(f)

@)

1.3.2
(@)

(b)

Laboratory measurements on midside samples were slightly more precise than those
made on-farm.

There was a strong relationship between the two on-farm measurement technologies and
their ability to measure MFD compared to Certificate Testing.

When used for fleece classing, both the OFDA2000 (when measuring midside samples)
and the Fleecescan (when measuring skirted fleeces) produced lines of wool of different
diameters in the direction to be expected (i.e. the line that was expected to be the finest
was the finest, and so on).

The greater the range in diameter within the flock and the more precise the
measurements, the more likely it is that measurement assisted classed lines and animal
selections will be consistent, regardless of the instrument used.

From the fleece classing and sheep selection results it can be concluded that the
precisions of Fleecescan and OFDA2000 midside sampling are near equal.

Biases were observed between the OFFM systems and the Certified Test results, and
these varied from property to property, ranging overall on individual lots from -1.1 um to
+0.9 um. A portion of these biases could be attributed to the midside sampling site (-0.5
um to -0.2 um based on the averages of the combined Lab results on the three
properties), and the remainder to the individual OFFM instruments themselves
(OFDA2000 midside -0.3 um to +0.5 um, and Fleecescan +0.1 pum to +0.4 um).

“Micron Creep” was observed for both measurement technologies used on farm. It
would also exist for Laboratory measurements if they were to be used for classing the
fleeces.

Sheep Classing/Selection

Whilst the OFDA2000 showed slightly higher correlation coefficients with the Lab
OFDA100 and Lab LSN than the Fleecescan, this is to be expected since the OFDA2000,
Lab OFDA100 and Lab LSN were all using samples obtained from the midside (they are
comparing like with like), whereas the Fleecescan uses a random selection of fibres
obtained from the skirted fleece.

For all three properties the highest correlation between the measurements was between
Lab-OFDA (midside) and Lab-LSN (midside), as would be expected given the slightly
better precision of the laboratory measurements as shown in Phase 1 of the project.
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Figure 1 Diagrammatic “bulls eye” representation of accuracy and precision

Accurate and Precise Accurate But Imprecise
Results are similar and Average is close to the true result but
close to the true result the individual results are scattered

Inaccurate but Precise Inaccurate and Imprecise
Average of results is not close to true Average of results is not close to true
result but individual results are similar result and individual results are scattered

Two types of errors are important in the consideration of accuracy and precision. They are
random or indeterminate errors and systematic or determinate errors (bias), which combine to
produce the error in the mean of a number of replicate measurements. Random or indeterminate
errors impact upon precision whereas bias has little impact on precision but a significant effect
on accuracy.

2.4.4 Statistical Analysis based on IWTO-0

Within the wool industry, IWTO-0 Appendix B (IWTO 2002a) formalises the statistical methods
that are to be used to assess the equivalence or otherwise of two test methods or instruments used
to issue IWTO certificates or reports. The Standard includes detailed techniques for comparing
both bias and precision. Since the on-farm measurements considered in this report are not
intended to be used to issue certificates, the level of analytical detail covered in this Standard is
more rigorous than is required for most of the comparisons in this project. However, some of the
techniques mentioned in the Standard were used the analyses.

2.4.5 Factors Influencing the Performance of OFFM Instruments

Valid comparisons between OFFM instruments are difficult as the samples tested vary greatly.
For example, usually the test specimen measured by OFDA2000 is sourced from a single staple,
for the Lab LSN and Lab OFDA100 it is sourced from a single site sample and for the
Fleecescan it is sourced from an entire fleece. For this reason, the precision or repeatability of
each instrument may not provide meaningful results in terms of the “best” instrument.

In addition, there are a number of other factors that influence the performance (precision and
accuracy) of the instruments, which can subsequently affect any comparisons made. In terms of
the equipment evaluated in this project, such factors include:

= Number of samplers ie.

- OFDA2000 - different samplers take staple from sampling site
- OFDA2000 - different operators prepare micro-staple from staple
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Lab OFDA100 and LAB LSN - different samplers take sample from site

= Number of samples/test specimens ie.

OFDA2000 - test more than one micro-staple per sample (eg. two test
specimens from midside)

OFDA2000 — test more than one site (eg. one test specimen from both
midside and pin-bone)

Lab OFDA100 and LAB LSN - test more than one test specimen (eg. two test
specimens from midside)

Lab OFDA100 and LAB LSN - test more than one site (eg. one test specimen
from both midside and pin-bone)

Fleecescan — test more than one test specimen from the same fleece (eg. two
test specimens (separate corings) from one fleece)

. Number of measurements ie.

OFDAZ2000 - test more than one micro-staple per staple (eg. two micro-
staples from midside)

Lab OFDA100 — test more than one slide per sample (eg. two slides from each
sample)

LAB LSN - test more test specimens per sample (eg. two test specimens of
100 snippets each)

LAB LSN - test more snippets per test specimen (eg. 600 to 1000 snippets)
Fleecescan — test more snippets per test specimen (eg. 600 to 1000 snippets)

The above list is not complete; however, it indicates the complexity of designing trials aimed at
comparing different OFFM instruments.
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2.4.6 Between-Instrument Comparisons from Previous Research

Previous research conducted to evaluate and compare the performance of the different OFFM
technologies primarily focused on the precision of the instruments/methods and the correlation
between them. Tables 1 and 2 provide a summary of the results of some of these trials.

Table 1 (see Page 14) summarises previous research that determined correlations between the
various fleece testing instruments/methods for fleece parameters of Merino wool. For these
trials, OFDA2000 was operated using standard commercial procedures, with testing based on
one greasy midside micro-staple. Fleecescan measurement was based on a single coring of each
fleece, with the assumption that between 600 and 1000 snippets were measured®. Laboratory
testing by either Laserscan or OFDA100 was conducted using conventional mid-side methods.
Although it was not detailed in all references, it is generally assumed that the Australian and
New Zealand standards for fleece testing (AS/NZS 2002a and AS/NZS 2002b) were followed.

Note: It should be noted that correlation coefficient values are influenced by the range of data
included in the comparisons. For a specific level of imprecision (as measured by, for example,
the standard error of a regression), the correlation coefficient will increase as the range of data is
increased. It is therefore difficult to assign significance to differing R values from different
trials.

Two key conclusions can be drawn from the data presented in Table 1:

=  Considering all fibre parameters, the correlations between any instrument/method is
the highest for MFD. This is not surprising as the focus of the development and
calibration of all instruments has been for the measurement MFD.

= The relationship between measurements of any fibre parameter is strongest for like
instruments (viz. Laserscan and Fleecescan; OFDA100 and OFDA2000). This would
be expected as the measurement principles used are similar for each pair of
instruments (ie. laser and optical microscopy, respectively).

Table 2 (see Page 15) summarises previous research estimates of the precision of fibre
parameters of Merino wool measured using different instruments/methods.  Additional
information related to the interpretation is provided, for example, the sample tested and the
source of the variation represented in the Confidence Limit estimate.

Note: The precision of MFD and SDD is normally level-dependent. In most cases this has not
been taken into account in comparing precision estimates for fleece testing because of the
normally relatively limited range of MFD values involved in such trials.

Table 2 highlights two important issues involved in the estimating confidence or precision limits
for test instruments:

= The source of the sample, and hence the variation measured, is a major determinant
of test instrument precision. It is important that comparisons between instruments be
made with this fact in mind.

= Taking the source of the sample into account, the precision of MFD is high relative to
that of SDD, CVD, CFR and particularly MFC. As with correlations between
instruments, the focus of the development and calibration of all instruments has been
for the measurement MFD.

! This is an indicative list. See Section 7 (OFFM References) for a more extensive listing of relevant research.

2 On the basis of CL reported by Marler et al. 2002, (viz. +1.02 and +1.04 pm for 1000 and 600 snippets
respectively), the difference in snippets measured is not expected to have a large impact on reported correlations.
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Table 1

Correlations (r) for fleece parameters measured using various fleece testing

instruments/methods
Reference Method Instrument 1 Instrument 2 Parameter C(c;;r
Brien et al. Pearson OFDA2000 Lab OFDA100 MFD 0.86
Petersen and | Linear OFDA2000 Lab OFDA100 MFD 0.83
Gherardi, Regress
Baxter 2001 | Linear OFDA2000 Lab OFDA100 MFD 1.00
Regress OFDAZ2000 Lab OFDA100 MFC 0.89
OFDA2000 Lab OFDA100 MFD 0.98
Behrendt et | Pearson OFDA2000 Lab OFDA100 MFD 0.94
al. 2001 CVvD 0.89
MFC 0.95
OFDA2000 Note: Lab OFDA100 MFD 0.89
Pinbone sample CvD 0.83
MFC 0.92
Behrendt et Linear OFDA2000 -Mid Lab LSN and MFD 0.94
al. 2002 Regress OFDA100 CvD 0.75
MFC 0.77
Petersen and | Linear OFDA2000 Note: | Lab LSN Note: 8 MFD 0.89
Gherardi Regress Pinbone sample fleece sites sampled
2002 Fleecescan Lab LSN Note: 8 MFD 0.91
fleece sites sampled
Knowles Pearson OFDA2000 Fleecescan MFD 0.84
2002 OFDAZ2000 Lab Laserscan MFD 0.81
Fleecescan Lab Laserscan MFD 0.81
Hansford et | Linear OFDA2000 Fleecescan MFD 0.80
al. 2002 Regress OFDAZ2000 Lab Laserscan MFD 0.80
Fleecescan Lab Laserscan MFD 0.87
OFDA2000 Fleecescan SDD 0.63
OFDA2000 Lab Laserscan SDD 0.64
Fleecescan Lab Laserscan SDD 0.68
OFDA2000 Fleecescan CvVvD 0.68
OFDA2000 Lab Laserscan CVvD 0.69
Fleecescan Lab Laserscan CVvD 0.72
OFDA2000 Fleecescan CFR 0.63
OFDA2000 Lab Laserscan CFR 0.66
Fleecescan Lab Laserscan CFR 0.71
OFDA2000 Fleecescan MFC 0.62
OFDA2000 Lab Laserscan MFC 0.61
Fleecescan Lab Laserscan MFC 0.68
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Table 2 Estimates of 95% Confidence Limit for fleece parameters measured using
various fleece testing instruments/methods
Reference Instrument Sample Parameter | Source of 95% CL
Variation
Morgan Airflow Blended Fleeces MFD Blended +1.2
1990 Fleeces
Cottle et al. | Laboratory Midside MFD Midside Site +0.60
1996 OFDA100 (4 slides) SDD "o +0.41
CVvD " +1.73
Baxter OFDAZ2000 Midside MFD Midside Site | £1.0 @ 15um
2000 (precision model | (1 greasy micro- to
from variance staple) +2.0@ 42 pm
components)
Baxter OFDA2000 On- | Midside MFD Midside Site +0.8
2001 Farm (1 greasy micro- SDD ror 0.3
staple) MFC rr +12
Baxter and | OFDA2000 On- | Midside MFD Midside Site +1.1t0 1.2
Johnston Farm (1 greasy micro- CVvD ror +2
2002 staple) MFC " +9
Behrendt | OFDA2000 On- | Midside (1 MFD Midside Site +0.7
etal. 2002 | farm greasy micro- CVvD " +1.4
Marler et | OFDA2000 On- | Midside MFD Fleece +1.28
al. 2002a farm (1 greasy micro- SDD o +0.60*
and 2002b staple) CVvD o +2.20*
MFC "t +10.9
OFDA2000 On- | Midside MFD Fleece +1.28
farm (1 greasy micro- SDD ror +0.60*
staple) CVvD o +2.20*
MFC "o +10.9
OFDA2000 On- | Flank MFD Fleece +1.41
farm (1 greasy micro- SDD ror +0.6*
staple) CVvD "o +2.23*
MFC " 10.6
Fleecescan In- Fleece (1000 MFD Fleece +1.02
Store snippets) SDD o +0.8
CVvD "o +3.5
MFC "t +7.4
Laboratory Midside (1000 MFD Fleece +1.19
Laserscan snippets) SDD o +0.7
CVvD "o +3.0
MFC T 12.3

* OFDA2000 between sheep range of SDD/CVD lower than that for Fleecescan and Lab LSN.
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