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Mathematics-In-Industry study group, Auckland, Janu-
ary 2004: Report
Graeme Wake
Director Centre for Mathematics in Industry, Massey University Auckland

After 20 years of being hosted very suc-
cessfully in Australia, the Mathematics-
in-Industry Study Group (MISG) moved
across the Tasman to Auckland, NZ and
was held there from 26th–30th January, the
week before ANZIAM2004 in Hobart. It
was organised by the newly formed Centre
for Mathematics in Industry at Massey Uni-
versity in Albany, Auckland and was phys-
ically located at the University of Auck-
land’s city campus. It brought together
nearly 140 delegates from all parts of the
world: international contributors included
invitees Paul Dellar from OCIAM, Ox-
ford, UK; John King from Nottingham,
UK; together with five from the Korea Ad-
vanced Institute for Science and Technol-
ogy (KAIST, including 3 students), and
many other Asian countries were repre-
sented. In addition to the most important
brain-storming sessions, a student work-
shop was held (speakers Alan Conaghan
– “Pavement Modelling”, Graeme Wake –
“Industrial Mathematics” and John King –
“Mathematics in Medicine”); plenary talks
were given by Ray Hoare – on Software de-
velopments – and Paul Dellar – on Combus-
tion waves/UK Study Group problems; and
a ferry/restaurant excursion was held one
warm summer evening. More details can be
found on the website: http://misg2004.
massey.ac.nz including some of the key ad-
dresses given. Six industrial problems were
considered:

• Strip temperature in a metal coating
line annealing furnace (NZ Steel) – to
predict and control strip temperature
during annealing – essential for ensur-
ing product quality.

• Modelling of a poultry shed
(NRM/Tegel) – to provide underpin-
ning decision support for the modelling

of the energy exchange between the
growing chickens and their shed envi-
ronment.

• Forecasting wind farm generation
(Transpower NZ Ltd) – develop an al-
gorithm to forecast wind farm electrical
output from real-time to a day ahead,
considering operational and meteoro-
logical characteristics.

• Earthquake damage in underground
roadways (Solid Energy Ltd) – provide
a model that can relate risk/damage to
underground roadways occurring from
earthquake waves of varying depth, in-
tensity and incidence.

• Dispersion rates of wilding trees (Envi-
ronment Canterbury) – provide a pre-
dictive model determining propagation
rates of wilding trees as a function of en-
vironmental parameters so as to assist
in planting and control strategies.

• Optimal sorting of product into fixed
weight packaging (Compac Sorting
Equipment Ltd) – develop a robust rou-
tine for calculating categories of pro-
duce by weight and develop the software
for implementation, using a “learning
by experience” algorithm.

MISG2004 was a resounding success and
gave Industrial Mathematics a significant
boost in New Zealand simultaneously pro-
viding the annual ANZIAM MISG event in
this area. The picture below shows the
Director Professor Graeme Wake with NZ
Steel representatives Phillip Bagshaw (cen-
tre) and Nebojsa Joveljic along with Profes-
sor Chang-Ock Lee from KAIST. The mod-
erators (not shown) for this problem were
Mark McGuinness from VUW, Wellington
and Steve Taylor from the University of
Auckland.

http://misg2004.massey.ac.nz
http://misg2004.massey.ac.nz
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Although it is too early to say much
about the final achievements, progress
was made on each problem and some
downstream collaborations are being nur-
tured. The latter were strongly encour-
aged, but not required, by the MISG or-
ganisers. The Proceedings of MISG2004
are to be published by our Centre by the
end of 2004 and the Equation-free Sum-
maries will be available mid-year, both from
g.c.wake@massey.ac.nz. A summary of
each of the six problems is included below.

Problem 1

Accurate control of strip temperature is es-
sential for ensuring optimum product qual-
ity and throughput. New Zealand Steel has
developed a simple mathematical model of
their Metal Coating Line Annealing Fur-
nace to enable prediction of strip temper-
ature for various products and operating
conditions. The model is applicable for
approximately 50% of the operating time
when the furnace is in equilibrium, thus it
is in a steady-state. Annealing is a pro-
cess by which the steel is heated to a spe-
cific temperature in order to soften the steel
by changing its structure. Considerable
progress was made in developing and im-
plementing a partial differential equation
model, for the unsteady situation. The
Industry representatives expressed satisfac-
tion with the outcomes and arrangements
are being made by the moderators (Mark

McGuinness and Steve Taylor) for ongoing
work. NZ Steel, now Bluescope Steel, also
attended MISG2003 in Adelaide as problem
sponsors.

Problem 2

This was specifically modelling the energy
exchange between the chickens and their
shed environment. The chicken shed mod-
elled has chickens placed as day old chicks at
a given stocking density per square metre.
They are floor reared on a concrete floor
with dry wood shavings as “litter” spread
on the concrete to 5cm thick. This lit-
ter remains with flock for the duration of
the batch “composting” down to a friable
litter material consistent with “50% saw-
dust mixed with 50% dry garden soil”. The
sheds are “controlled environment” sheds,
and the birds are grown to a specific tem-
perature profile as they get older. The shed
temperature control starts at a given tem-
perature at day of placement graduating
down to 20 degrees C by the time the birds
reach processing age (on average 37 days).
The chickens have unlimited access to feed
and water, and grow to a specific growth
profile with target weight for age expecta-
tions. Specific air exchange requirements
are necessary to maintain a shed environ-
ment acceptable for animal welfare and per-
formance parameters. Water generated into
vapour/humidity through evaporation, and
carbon dioxide being the predominant waste
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products needing to be removed. The mois-
ture content of the dry wood shavings prior
to placing the chicks will be approx. 5%.
By the end of the growing cycle the lit-
ter moisture will ideally be no higher than
18% to 20%. Water accumulation in the
litter is insignificant compared to total wa-
ter through put during the run. By using
specific quite simple heat and moisture bal-
ances the group led by moderators Robert
McKibbin (Massey University) and Andy
Wilkins (Canesis, Australia) were able to
provide key decision support algorithms and
approaches.

Problem 3

In the New Zealand Electricity Market
(NZEM), generators offer power into the
system for every half-hour trading period.
These offers are made around 24 hours
ahead for scheduling (forecasting) purposes,
and are frozen 2 hours ahead of real time.
In addition, the System Operator (Trans-
power) forecasts generation close to real
time for dispatch and security analysis. The
market works best, and dispatch is most se-
cure, when forecasts of price and quantity
respectively at each of these different time
outlooks are accurate. While this is read-
ily achievable for dispatch able generation
such as hydro and thermal plant, it is more
problematic for plant whose output is gov-
erned by environmental conditions, such as
river flow for hydro plants and especially
wind turbines. There is currently one sig-
nificant wind farm on the system, but ex-
pectations are that many more will be com-
missioned over the next few years. The in-
creasing proportion of wind power in the
system risks decreasing significantly the ac-
curacy of price and quantity forecasts, and
thus market efficiency and potentially the
level of security of supply. The problem
posed to the MISG was therefore to develop
an algorithm to forecast wind farm elec-
trical output from real-time to day ahead,
considering operational and meteorological
characteristics. The team led by moder-
ators Tasos Tsoularis (Massey University)
and Bill Whiten (University of Queensland)

provided a range of algorithms by which
Transpower can more reliably predict out-
put, using forecasting techniques and neural
networks.

Problem 4

New Zealand straddles the Pacific and Aus-
tralian tectonic plates. To the north and
south of the New Zealand landmass are
subduction zones where one plate is being
pushed under the other. The subduction
zones dip in opposite directions, which re-
sults in a transitional zone through the mid-
dle of the South Island: the Alpine Fault.
There is an apparent offset of approximately
500km along the Alpine Fault. This signifi-
cant displacement is testimony to the histor-
ical seismic activity of the region. Research
by Solid Energy NZ Ltd had found that his-
torically, underground structures have un-
dergone less damage than above ground
structures during earthquakes. This is sup-
ported by wave theory. An earthquake ini-
tiates seismic waves of various frequencies
when it ruptures, with the waves travelling
up through the rock layers until they reach
the earth’s surface. The large reduction in
stress and strain at the air-rock/soil inter-
face results in an increase in amplification
of the seismic waves when they reach the
surface. Mathematically, in principle, the
motion of an underground roadway during
an earthquake should be one half that at
the surface. Exceptions exist, however, and
it is prediction of how a particular mine
may be affected by an earthquake of mag-
nitude x that forms part of this study. It
is thought that the resonance of seismic
wave frequencies with the natural frequen-
cies of a structure, are a significant cause
of the increase in damage (motion) expe-
rienced in some situations. Exceptions in
the past have mainly been very shallow
road and subway tunnels. Wave theory
suggests that if a large proportion of high
frequency, short wavelength seismic waves
hit a mine and the wavelengths are small
compared to the dimensions of the mine
opening, they may treat the opening as a
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free surface, amplifying the motion felt un-
derground. This introduces another uncer-
tainty in that how close does an earthquake
have to be to the mine for this to happen?
There are a number of other factors that
may affect the shaking felt underground:
Angle of incidence of the waves (construc-
tive and destructive); Degree of dampening
of the waves (dependent on the media they
are passing through); And type of waves.
When an earthquake occurs, a number of
types of waves are generated that travel
through the Earth’s interior, these can be
divided into two categories: body waves
and surface waves. Body waves can be fur-
ther subdivided into p-waves and s-waves.
P-waves (also known as primary, compres-
sional or longitudinal waves) involve suc-
cessive compression and rarefaction of the
materials they pass through. S-waves (also
known as secondary, shear or transverse
waves) cause shearing deformation as they
pass through a material. From an engineer-
ing perspective the most important surface
waves are Rayleigh and Love waves. These
wave types are unlikely to have a signif-
icant damaging affect on an underground
mine other than the potential to damage
the portals (entrances). What was re-
quired from this study was to: (i)Determine
the attenuation rate of high frequency,
potentially damaging, earthquake induced
waves for the Terrace and Spring Creek
sites;(ii)Determine the critical frequency at
which these waves may treat the mine open-
ings as a free surface (potential for sever-
est damage);(iii)Determine the effect on a
single roadway and then investigate the ef-
fect on a network of intersecting roadways,
of high frequency body waves;(iv) From
this determine if there is mining direction
that is less susceptible to damage from high
frequency waves;(v) From the above esti-
mate the probability of a 8.0 earthquake
on the Alpine Fault or a magnitude 7.0
earthquake on the secondary faults having a
damaging affect on the Terrace and Spring
Creek underground mines;(vi) From numer-
ical modeling and analysis determine the
consequence of a magnitude 8.0 earthquake

on the Alpine Fault or a magnitude 7.0
earthquake on the secondary faults, on the
two mines. The team led by the modera-
tors, Tim Marchant from the University of
Wollongong and Graham Weir from Indus-
trial Research, Wellington, provided a range
of approaches which will need further evalu-
ation before Solid Energy New Zealand Ltd
will be in a position to achieve its aim to
determine its level of corporate risk (prob-
ability x consequence) at these sites from
a major earthquake. Certainly it appears
that damage at depth is significantly less
than at the surface. This rather uniquely
NZ problem proved quite challenging (even
to formulate) and is ripe for further study.

Problem 5

The uncontrolled spread of introduced
conifers (wilding conifers) potentially
threatens more than a million hectares
of land in Canterbury, as well as other
parts of the South Island, NZ. Wilding
conifers threaten native vegetation, endan-
gered species, and important wildlife habi-
tat. Wilding conifers also threaten pastoral
farmland, the distinctive expansive land-
scapes of the South Island, historic and
cultural sites, and recreation opportunities.
Wilding conifers are the most significant
weed threat in many areas of the Canter-
bury high country, and do not discriminate
between land tenures and property bound-
aries. Because funding is limited, control
of wilding conifers must be targeted at the
most important sites, coordinated between
land management agencies and landowners,
and be sustained for as long as there is a risk
of re-infestation. Environment Canterbury
has recently completed a survey of wilding
conifer spread in the Region’s high country,
covering a total area of about 2.3 million
hectares. The Canterbury high country has
characteristic features of topography, cli-
mate, vegetation and land use (mostly ex-
tensive grazing or conservation land) that
make it particularly susceptible to wilding
spread. At present approximately 62,000
ha within this part of the region contain
wilding conifers. The spreading vigour of
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wilding conifer species can also be assessed,
based on species’ competitiveness, palata-
bility, seed production and seed weight.
Factors influencing wilding spread include:
Presence of seed sources; Siting and man-
agement of plantings (seed sources); Di-
rection, severity and frequency of strong
winds; Composition and stature of the plant
communities on surrounding land; Presence
of fungi on surrounding land; Resistance
of pests and diseases; Palatability of the
wilding species; Site conditions (including
climate); and management of surrounding
land (including disturbance) Strong winds
can transport seed for many kilometres.
Wilding conifer spread has been recorded
40 kilometres from the seed source at Mid
Dome (Southland) and wildings frequently
establish at least 10 kilometres from parent
trees. Seed is usually deposited at sheltered
sites, such as lee slopes, where wind speed
is reduced. The successful germination and
establishment of wilding conifer seed may
depend on the composition of plant com-
munities at the site. Bare ground, or low
stature plant communities such as grassland
and herbfield, are the most favourable com-
munities for wilding establishment. Shrub-
land is relatively less favourable, and for-
est generally unfavourable. However Dou-
glas fir, which is relatively shade-tolerant,
may establish beneath a mature beech for-
est canopy, and other wilding species may
establish in openings within regenerating
forest. The presence of wild or domes-
tic animals and the palatability of intro-
duced conifer species are likely to influence
the successful establishment of wildings.
The task ahead was to provide a model
for this spread, taking into account all the
factors mentioned above. This was a pop-
ular problem and the group had to subdi-
vide!! The problem group, led by modera-
tors Heather North from Landcare Research
NZ and Mick Roberts from Massey Univer-
sity, canvassed a range of deterministic and
stochastic models which can be used by
Environment Canterbury to predict inva-
sive spread in a large number of scenarios.

Several models are the subject of ongoing
investigations.

Problem 6

Many of Compac’s customers sort their fruit
into cardboard boxes or plastic bags using
their equipment. The normal requirement
is for a fixed number of fruit to fill a box
to a fixed weight e.g. 100 apples into a
box to weigh 18 kg in total. Typically the
fruit being sorted is divided into about 16
sizes by weight of a piece of fruit, with the
smallest size targeting 216 fruit into an 18
kg box, and the largest size targeting 36
fruit into an 18 kg box, with the individ-
ual fruit weighing from 80 grams through
to 400 grams (fruit weighing accuracy is to
within a standard deviation of 1.5 grams).
The problem is to maximise the number of
boxes produced by minimising the amount
that a box weighs over the target weight, by
continuously monitoring the distribution of
fruit being sorted and adjusting the weight
bands that different sizes fit into. The dis-
tribution of fruit is continuously changing
throughout the day due to the fruit coming
from different orchard blocks or areas of an
orchard block. It is allowable to target a cer-
tain small percentage of boxes that will end
up underweight as these can be manually
adjusted, as typically every box is checked
for its final weight after being filled, and
the customer would want to be able to ad-
just how often this occurs. One complexity
is that customers wish to take one particu-
lar size and put half the production into 18
kg boxes and half into 19 kg boxes. There
are two types of box filling that we need
to optimise, which may require different so-
lutions: (1) they know exactly which fruit
went into which box; (2) they only know
that a fruit went into one of the last few
boxes filled. The team led by moderators
Phil Kilby from CSIRO, Sydney and Clive
Marsh from Canesis Network NZ, achieved
almost a complete solution of this popular
OR problem. Implementation is underway.
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Concluding Remarks

MISG 2004 was sponsored by ANZIAM,
New Zealand Mathematical Society, Massey
and Auckland Universities, Hoare Research
Software Ltd, Canesis Network Ltd, Indus-
trial Research Ltd, Pavement Management
Services and Transfield Services; and each
participating company named above pro-
vided logistical and financial support all of
which is gratefully acknowledged. The Di-
rector’s prize for the best remark “Over-
heard in Passing” was given to Darren
Jilks of Bluescope Steel (Australia) who was

heard to say: “They’re both infinitely wide
but one is twice as wide as the other.”
Buoyed by the success of MISG2004 we
are, as agreed by ANZIAM, planning for
MISG2005, which will be in Auckland 24th-
28th January 2005. The ANZIAM Applied
Mathematics Conference in Napier (on the
east coast of the North Island, NZ) is the
following week. Plan to be at both.

Centre for Mathematics in Industry, Massey Uni-

versity at Albany, Private Bag 102 904, North Shore

MSC, Auckland, New Zealand.
E-mail : g.c.wake@massey.ac.nz
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