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Abstract— Taking inspiration from nature the NEMOdeep
vehicle described in this paper is being developed as a
laboratory demonstrator to showcase potential technologies to
achieve small deep diving autonomous underwater vehicles.
The design of the vehicle is a hybrid of conventional AUV
components with engineered analogues of marine animal
organs. The internal structure is comprised of a spine, ribs and
sternum, which support a hydrodynamic fairing or ‘skin’. The
‘brain’ and actuators are developed using pressure tolerant
electronics, negating the need for pressure vessels. The
pressure tolerant electronics are surrounded by light mineral
oil which transmits the hydrostatic pressure uniformly to the
components while also providing buoyancy. The internal fluid
is more compressible than seawater and the batteries and
internal structure are less compressible than seawater: a
‘Buoyancy/Compressibility’ organ is being developed to
passively maintain neutral buoyancy over the 0 to 6000m depth
range.

Index Terms—Deep Diving, isopcynal, bio-inspired, AUV.

[. INTRODUCTION

The ocean depths are the dominant ecosystem on the
planet by volume, providing up to 97% of the biosphere, yet
scientists have explored less than 1% of the oceans seabed
[1]. Since, 81% of the world’s ocean floors occur at water
depths of between 3000m and 6000m, deep diving
underwater vehicles provide an ideal platform for exploring
this harsh environment.

Species of marine animals have evolved biological
solutions to the challenges of high hydrostatic pressures and
are able to survive, sometimes in large numbers, at the
depths of the deepest ocean trenches, at ambient pressures
of more than 100MPa [2]. As such they present a wealth of
different evolved solutions to the problems of ‘living’ in the
marine environment especially operation at high hydrostatic
pressures. This work concentrates on the issues associated
with operating over large depth ranges, and looks to nature
for inspiration as to how to reduce the size of deep diving
capable Autonomous Underwater Vehicles (AUVs).

A. Motivation
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In conventional AUVs metal or composite pressure
vessels provide watertight and gas-tight enclosures for the
electronics and other systems to operate in essentially one-
atmosphere dry internal spaces. To maintain the structural
integrity of the pressure vessel with increasing water depth
requires an increased wall thickness (assuming a constant
material), this in turn leads to increased system mass. In
order to maintain near neutral buoyancy this requires a
reduction in mass of other systems (i.e. reducing the number
of batteries), or increasing the volume of buoyancy material,
leading to increased vehicle size and mass.

An example of the increasing vehicle mass with depth
range is provided by the REMUS family of AUVs. The
REMUS 100 is the most numerous AUV model of the
family; it has a maximum operating depth of 100m and a
mass of 37kg, the REMUS 600 has a maximum operating
depth of 600m and a mass of 240kg and the REMUS 6000
is the largest with a depth range of 6000m and a mass of
884.5kg. However, this is not a completely fair comparison
since the payload capacity and endurance of the vehicle also
changes. The endurance of the three models is 10 hours, 70
hours and 22 hours for the 100, 600 and 6000 models
respectively.

The increase in hydrostatic pressure with depth results in
many underwater vehicles having a finite safe allowable
depth prior to plastic collapse of pressure vessels. For
manned military submarines this depth is typically 200-
400m [3] while for AUVs this is can be 4000-6000m [4] or
deeper for a few specialist survey AUVs [5]. Marine
animals are found from the shallows to the deepest parts of
the ocean (11,000m in the Mariana Trench) were they must
be fully adapted to pressures in excess of 110MPa.

The influence of pressure on marine animal size is less
clearly understood, attempts to explain body size in terms of
pressure lead to varying conclusions depending on the class
or species under consideration. Analysis of eight species of
deep-sea benthic gastropods showed a clear trend for size to
increase with depth [6]. Smith and Brown [7], investigated
the influence of depth on the size of pelagic fish native to
the north-east Pacific Ocean between 40°N and 50°N, over a
depth range of 0-8000m. The relationship observed varied



among classes and orders. Statistically significant
relationships between maximum body length and mean
depth of occurrence were observed for seven of the 12
orders. But the direction of these relationships varied.
Collins et al. [8] investigated the relationship of benthic fish
size with respect to depth for scavengers and predators of
the north east Atlantic. The analysis showed a significant
increase in body size for scavenging fish with increasing
depth, while predatory fish showed a slight but significant
decline with increasing depth. The discrepancies where
explained in terms of food distribution, whereby scavengers
become larger in order to increase endurance due to larger
energy reserves and lower metabolic costs enabling them to
survive on sporadic food items. It is worth highlighting that
for marine animals changes in depth also result in changes
in light, temperature and food availability and hence it is not
always possible to identify which variable(s) influence size
[2].

One key operational difference between AUVs and
many marine animals is the importance of depth range.
AUVs, marine mammals, birds and reptiles must initiate and
finish ‘missions’ at the surface in order to recharge or
breathe respectively, as such they must be adapted to
operate at the range of hydrostatic pressures from the
surface to the maximum dive depth. This is stark contrast to
fish and other fully aquatic animals, which may operate at
great depths but only experience small depth changes.

Investigation of the vertical distribution of marine
organisms highlights three types of pressure resistance [9];
stenobathic-baraphobic species which are only found with a
limited vertical distribution in shallow water, stenobathic-
barophilic species which are only found with a limited
vertical distribution in deep water and eurybathic which
have a large vertical distribution and are to a great extent
pressure independent (although not necessarily resistant to
the effect of sudden pressure changes). For example tests
on small or juvenile animals from the shallow western part
of the Baltic Sea highlights several species of amphipods,
isopods, molluscs, echinoderms and polychates with high
levels of pressure tolerance. For example the experimental
pressure limits after 1 hour at 10°C at a salinity of 15 on the
Practical Salinity Scale were 80MPa for Mytilus edulis (blue
muscle), 75SMPa for Asterias rubens, Mya arenaria and
Littornia littorea (common starfish, softshell clam and
common perwinkle) [9].

It is the eurybathic species which provide the inspiration
for this AUV concept, by evolving pressure tolerant organs
(systems) without the requirement for pressure resistant
housings some species marine animals have seemingly
decoupled the correlation of increasing mass with increasing
depth observed in current AUV systems. The concept of
pressure tolerant electronics is not new with research dating
back to the 1950s [10]. Pressure tolerant electronics are
electrical systems or components which can operate at high
hydrostatic pressures without the use of pressure resisting
housings enveloping them. Implicit in the definition is the
use of an intermediate fluid surrounding the components

which are kept in equilibrium with the surrounding ambient
pressure. For AUV applications Bluefin Robotics
Corporation pioneered the use of pressure balanced lithium
polymer batteries, capable of operating at the ambient
pressure at 6000m water depth [11]. Lithium polymer
batteries have a solid electrolyte and can be manufactured
with no void spaces. Hence, as long as they are packaged in
a compensating fluid, and protected from contact with salt
water they can readily be used on AUVs.

As well as surviving high pressures the vehicle also has
to overcome buoyancy variations with depth driven by the
relative compressibility of the AUV and the surrounding
fluid. While typical seawater has a density of 1026 on the
surface (T=15°C and S=35), this increases to 1051 at
60MPa (~6000m). An incompressible vehicle which is
neutrally buoyant on the surface will experience ~2.5%
positive buoyancy at 60MPa. Therefore in order to maintain
depth the vehicle must expend considerable energy
maintaining vertical position. Alternatively, an isopycnal
system has the same compressibility as seawater and as such
experiences no buoyancy changes with depth. For both
AUVs and marine animals the structure (skeleton) and
actuation (muscles) are denser than water, consequently
additional buoyant material must be used to achieve near
neutral buoyancy. The selection of this buoyancy material
can have a significant effect on the total compressibility of
the system.

Since a deep diving AUV will typically experience
significantly larger depth and therefore pressure changes
than many marine animals, the compressibility of the
constituent materials becomes important.

Various approaches to minimize or adapt to buoyancy
variation with depth have been investigated or evolved in
the engineered and natural worlds. ‘Compressee’, a spring-
backed piston in a cylinder has been added to Swallow
floats to give the float the compressibility of seawater [12].
The Seaglider vehicle a 1000m depth rated glider uses a
specially designed pressure hull which consists of a series of
arched panels supported by ring stiffeners with generous
fillets [13]. This design allows significant hull deflection
tuned to match the compressibility of seawater.

Many species of marine animals have their own
solutions to maintain neutral buoyancy, species of benthic
sharks use large volumes of the hydrocarbon squalene in
their livers to provide buoyancy [14]. Some species of squid
use ammonia rich solution to provide buoyancy [15]. The
use of fluid buoyancy leads to the compressibility of the
system being close to that of seawater.

This paper describes the design of a proof of concept
physical model for a deep-diving soft-bodied liquid filled
AUV currently under construction at the University of
Southampton and the National Oceanography Centre. The
aim is to produce a small lightweight vehicle capable of
achieving near neutral buoyancy from the surface to 6000m
water depth. The design of the vehicle draws inspiration
from existing AUV and glider design as well as various
marine animals.



II. VEHICLE DESCRIPTION

It is not the aim of this study to create a ‘biomimetic’
AUV, instead we are looking for inspiration from nature to
solve specific engineering problems. Where the engineered
world has a more appropriate or efficient solution this is
used in preference to a biologically inspired solution.

The design of the vehicle is a hybrid of conventional
AUV components with engineered analogues of marine
animal organs. Details of the NEMODeep vehicle are
presented in Table I and Figure 1. The internal structure is
comprised of a spine, ribs and sternum, which support a
hydrodynamic fairing or ‘skin’. The ‘brain’ and actuators
are developed using pressure tolerant electronic, negating
the need for pressure vessels. The pressure tolerant
electronics are surrounded by light mineral oil which
transmits the hydrostatic pressure uniformly to the
components while also providing buoyancy. The internal
fluid is more compressible than seawater and the batteries
and internal structure are less compressible than seawater: a
‘Buoyancy/Compressibility’ organ is being developed to
passively maintain neutral buoyancy over the 6000m depth
range. The requirement to demonstrate the performance of
the concept physical model under hydrostatic loads from the
surface to 6000m, equivalent, restricts the maximum size of
the vehicle to the internal diameter of the large pressure pot
at the National Oceanography Centre, Southampton
(952mm diameter). The following subsections discuss the
design and function of the various components of the AUV.

Brain

Battery

TABLE I. NEMODEEP KEY DESIGN PARAMETERS

Parameter Value
Length 0.85m
Maximum Diameter 0.2m
Dry Mass (No internal Fluid) 3.5kg
Total Mass 12kg
Hull Form Parson’s X-35 body [16]
Depth Limit 6000+m

A. Hull Fairing — ‘Skin’

Conventional AUVs are of two basic types, those that
have an outer hull that is the pressure hull, for example the
REMUS [17] or GAVIA family [18] of AUVs, and those
whose outer hull is a non-structural providing a
hydrodynamic fairing as a protective cover for the pressure
vessels and other vehicle systems inside as in, for example,
the Autosub family [19, 20] and Delphin2 vehicle [21]. For
the NEMOdeep vehicle a soft-bodied, essentially pressure
tolerant approach is proposed. However, the impermeable
outer cover, and its properties are still of great importance.

Yaw

Erterianl Articulation

Connectors

Propeller
Motor

Sternum

Sealing
Plates

Fig. 1. Schematic of NEMOdeep concept (missing rear control planes and propeller)



Study of the range of outer covers from marine
organisms provide the following examples from which to
draw bio-inspiration:

e Exoskeletons — are hard external skeletons (often
referred to as shells) that support and protect an
animal’s body, these are rigid and resistant
components, from biopolymers such as chitin
(crustacea) [22], or with the addition of minerals
e.g. calcium carbonate in an organic matrix of the
complex protein conchiolin (e.g. molluscs), or
silica (the plankton radiolaria and diatoms).
Exoskeletons can be viewed as analogous to the
solutions used on current AUVs

e Skin — in nature skin is a flexible continuous
covering that protects the internal organs from the
external environment, it is a selectively permeable
barrier permitting the transfer of some molecules
and preventing the transfer of others. For example
common dolphin (Dolphinus delphis) skin is
permeable to water but not to sodium [23]. Fish
skin is a non-isotropic material composed mostly
of fibres of the protein collagen, as long fibrils,
forming “alternating layers of right and left helices
wrapped around the long axis of the animal” [24].
The “wind angle” range is wide (45° to 80°). This
arrangement provides for flexibility and change in
shape, but also a supporting framework.

For the NEMOdeep vehicle the ‘skin’ provides an
impermeable barrier between the seawater and the internal
fluid surrounding the internal ‘organs’ of the AUV, it must
be flexible enough to allow the hydrostatic pressure to be
transmitted to the internal fluid, and allow for volume
changes throughout the vehicle system.

The following were considered when selecting the ‘skin’
material and the manufacturing process:

e Permeability of the material.

e Compatibility of the material to both the internal
fluid and seawater.

e Complex curvature of the skin.

The bow skin has been created by dipping a male mold in
liquid PVC. The stern skin which has a greater requirement
for flexibility has been created by a mixture of welding and
vacuum forming of 0.5mm and 1mm polyurethane film.

B. Internal Fluid

The use of pressure tolerant electronics requires them to
be placed in an intermediate fluid or soft material which
transmits the hydrostatic pressure uniformly to the
components. Since it is envisaged that this liquid will also
help provide buoyancy the chosen fluid must be less dense
than water. When selecting the internal fluid the following
issues were considered: -

e For correct operation of the electronic components
must not conduct electricity.

e The environmental impact of this liquid was
considered as in the event of failure this liquid may
be released into the environment.

e  The compressibility of the fluid will impact on the
buoyancy change experienced by the vehicle with
respect to depth.

e The cost per kilogram of buoyancy.

e The potential hazards associated with human
exposure to the liquid.

e Any transport limitations associated with the liquid;

e The behavior of the fluid in contact with the skin
material and other internal components.

e The viscosity of the fluid, since, it is envisaged that
the propeller motor will operate directly in the
internal fluid for simplicity.

A database of 44 potential liquids was generated; an
extract of this database is presented as Table II. Many of
the lower density liquids which are typically alkanes and
alkenes are not suitable due to being extremely harmful,
flammable, damaging to the environment, and or toxic to
fish. Mineral oil appears to be one of the most promising
buoyancy liquids. While ideally it’s density would be lower
it is non-hazardous and the cost per kilo of buoyancy is low
in comparison to syntactic foam (£165/kg buoyancy —
machined).

C. Structure - ‘Skeleton (Spine, ribs and Sternum)’

While many marine animal species are invertebrates (i.e
Crustaceans, Molluscs etc), many of the most recognizable
marine animals are vertebrates (e.g. fish, marine mammals,
marine reptiles). The body of a vertebrate is supported by a
framework of connective tissue which packs and binds the
various parts together [25], the endoskeleton of cartilage
and bone represents a highly specialized form of the general
connective tissue system, it provides the body with its basic
shape, facilitates movement and protects the internal organs
from external forces, [26]. Bone is a complex living tissue
in which the extracellular matrix is mineralized, providing
rigidity and strength to the tissue while still maintaining
some elasticity, [27].

The vertebral column (spine) acts as the primary
longitudinal girder of the vertebrate body [28], its form is
related to its function as a supporting rod, a base for
attachment of body and limb muscles, to provide protection
of the spinal cord and nerves and allow flexibility for
locomotion [29]. The number of vertebrae in the spine is
within certain limits characteristic for a given species; cod
have typically 53, European eel, 114, Killer Whale has
between 50 and 54, Atlantic white sided dolphin has 77-82
and mackerel 31, although the specific number does vary
between individuals of a species, [30] [31]. A flexible spine
comprising of many individually actuated vertebra allows
some fish species to turn in a diameter shorter than their
length [32]. Such performance is beyond conventional rigid
AUVs, which typically have a turning diameter of 3 to 5
body lengths [33]. However, the complexity and cost of
developing a highly actuated spine is not considered part of
this project.



TABLE I. POTENTIAL BUOYANCY LIQUIDS

Liquid Density Cost per Volume Bulk Hazards
at 25°C kilo of per kilo of | Modulus
(kg/m3) buoyancy buoyancy at latm
(£/kg (/kg 250C 2 | _ v E
buoyancy) buoyancy) (GPa) 2 = B ‘5 E g E
s E|E| | 258
2|2 = | 8%%
=
Pentane 626 £93.98 1.57 0.47 Y| Y Y
(anhydrous >99%)
Hexane (anhydrous 659 £173.22 1.80 0.62 Y Y Y
95%)
Decane 730 £554.58 2.47 0.92
White Spirits 780 £63.27 3.18 Y
(Chemistry Grade)
Ammonia soloution 785 £1,162.50 3.27 Y
(2.0M in ethanol)
Mineral Oil (light 840 £23.00 4.54 1.70
oil)
Squalene (98%) 858 £934.13 5.14 1.53
Seawater (nominal) 1025 - - 2.37
A noticeable difference between teleost fish and marine requirement for compatibility with the bio-inspired

mammals is the path of the spine through the body. In
marine mammals the spine runs close to the top of the
animal with all the major internal organs suspended below.
For fish the spine typically runs closer to the centerline of
the body. This difference is potentially due to the
evolutionary path of marine mammals and the desire to
maximize lung capacity.

For the NEMOdeep vehicle the spine (aluminium box
section) provides structural rigidity for the vehicle allowing
it to be lifted in air. It will also act as a wiring loom onto
which the ‘arterial and nervous system’ will be distributed
throughout the vehicle. A single point actuation at the stern
will allow the use of vectored thrust steering in the
horizontal plane. The batteries will be actuated to move
forwards and aft along the spine to provide pitch control.
While we will tune the compressibility of the vehicle to
match that of seawater, it is not our intention to ensure a
constant longitudinal center of buoyancy (LCB). Active
movement of the batteries will allow the vehicle to correct
for small changes in the LCB.

The ‘ribs’ (waterjet cut polypropylene) over the fore
body provide structural support for the vehicle when in air
and also assist the skin in maintaining the hydrodynamic
shape of the vehicle, connecting the ribs are 18 ‘sternum’,
due to the complex shape of these parts these are being
manufactured using selective laser sintering.

D. Control Electronics — ‘Brain’

The vehicle requires a control and data acquisition and
logging capability sufficient to communicate with the user,
measure the external pressure within the pressure test vessel,
measure the differential pressure across the outer covering
of the model, measure the internal temperature, monitor the
energy source and operate the thrusters and actuation. A key

approach is that the module should be pressure tolerant and
resistant to the buoyancy material within the vehicle. A
suitable control and logging module has been designed at
NOC for use with microsystem sensors (Ed Waugh). This
has been proven to be pressure tolerant in an inert, non-
conducting liquid environment to 60MPa.

E. Passive Buoyancy control - ‘Buoyancy/Compressibility

Organ’

The internal fluid (light mineral oil) is more
compressible than seawater, and the batteries and internal
structure are to be made from materials less compressible
than seawater, the ‘Buoyancy/Compressibility’ organ will
be tuned to passively maintain neutral buoyancy over the
6000m depth range. To achieve it will comprise of a
mixture of micro balloons (low compressibility) in a
permeable bag and compressible organic liquids.

F. Propulsor and actuation

Numerous authors have quoted the high propulsive
efficiency of many marine animals, for example propulsive
efficiency of psuedo killer whales of 0.9 [34], bottlenose
dolphins at 0.81 [35], these values are high compared to
those of a typical propeller open water efficiency of 0.5-0.8
[36]. Consequently, significant research effort has been
applied to mimicking biological propulsion systems, for
example see DLVCUUV robotic tuna [37], robotic dolphin
[38], Finnegan robotic turtle [39], and soft-bodied robot fish
[40]. However, current actuator efficiencies mean that the
electric motor and propeller combination still provides a
comparable level of total propulsion system efficiency, with
comparatively easy control and design [41]. As such, a
conventional propeller and brushless DC motor combination
will be used to propel the NEMOdeep vehicle.



Sealing of a rotational shaft is a possible source of
leakage into the internal fluid, the solution adopted is
similar to that used on many deep diving vehicles is to use a
magnetic coupling between the internal DC motor and
gearbox and the external propeller.

G. Power Source

The use of pressure tolerant LiPo batteries has been
demonstrated on a number of vehicles [11, 19] and this
approach will be used on the NEMOdeep vehicle.

H. Rigid Rear Control Surfaces

An elongated three dimensional body without control
surfaces acting at an angle of attack in an ideal fluid
experiences a pure couple, termed the ‘Munk moment’
which tends to increase the angle of attack. Control surfaces
are required at the rear of the vehicle to overcome the Munk
moment by generating a restoring moment, to ensure the
dynamic stability of the vehicle. On many flight style AUVs
the rear control surfaces are movable to provide control
authority in yaw and pitch. For this vehicle the one point
actuation on the spine allows generation of vectored thrust
in the horizontal plane and fore-aft movement of the
batteries provides the pitch actuation.

III. PREDICTED WEIGHT, BUOYANCY AND
COMPRESSIBILITY

The soft bodied approach means that the NEMOdeep
vehicle will have an unusual mass breakdown; this is
illustrated in Table III. The use of mineral oil as the main
source of buoyancy impacts the mass of batteries that can be
carried. Typically batteries account for between 5% and
45% of the mass of a vehicle, dependent on mission
requirements [42], the NEMOdeep concept sits at the lower
end of this spectrum, which will have an impact on the
range of the vehicle.

TABLE II. Mass BREAKDOWN FOR THE NEMODEEP PROTOTYPE

Liquid Percent of Vehicle Percent of Vehicle

qui Mass Volume
Spine 1.95% 0.72%
Ribs 3.80% 4.23%
Sealing Plates 2.90% 3.22%
Sternum 3.25% 2.83%
Skin 3.54% 3.11%
Fixings 0.90% 0.12%
Articulations 2.08% 0.00%
Battery 6.05% 2.74%
Motors 0.83% 0.00%
Brain 0.67% 0.37%
Clamping Ring 4.67% 0.58%
Internal Fluid 58.90% 69.05%
Buoyancy Organ 4.60% 7.67%

Other 5.85% 5.35%
Total 100% 100%

The advantage of using a fluid more compressible than
seawater as the main source of buoyancy is that it is
possible to tune the compressibility of the system to
minimize buoyancy variations with depth, compensating for
the structural materials and batteries which are less
compressible than seawater. Predicted system buoyancy
variations are shown in Figure 2, for various combinations
of buoyancy materials.
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Fig. 1. Isothermal buoyancy changes of system using various mixtures of
buoyant materials

IV. CONCLUSIONS

A bio-inspired design of a small deep diving AUV is
presented, using a soft bodied approach. The vehicle is
designed as a laboratory demonstrator, which will be trialed
in the National Oceanography Pressure pot in the near
future.

The concept demonstrates the ability to minimize
buoyancy variations over large hydrostatic pressure ranges,
by tuning the compressibility of the system using buoyant
fluids that compress at a faster rate than seawater.

ACKNOWLEDGMENT

This research was supported by the EPSRC through grant
number EP/F066767/1 entitled “Nature in Engineering for
Monitoring the Oceans (NEMO)” a joint project between
the University of Southampton, Newcastle University and
the National Oceanography Centre. The overall aim of this
project is to find and synthesize novel design and
implementation concepts for deep-diving and agile
unmanned underwater vehicles (UUV) to meet offshore
industry, environmental monitoring and scientific research
needs based on inspiration from marine organisms to
achieve increased functionality, lower weight and energy
requirements and lower capital and operational costs.

REFERENCES



(2]

(3]

(3]

(6]

(8]

[10]

[11]

[14]

R. D. Ballard and W. Hively, The Eternal
Darkness: A Personal History of Deep-Sea
Exploration, New edition ed. Princeton: Princeton
University Press, 2002.

J. D. Cage and P. A. Tyler, Deep-sea biology: a
natural history of organisms at the deep-sea floor:
Cambridge University Press, 1992.

P. Joubert, "Some Aspects of Submarine Design
Part 1. Hydrodynamics," ed. Australian
Government Department of Defence Defence
Science and Technology Organisation, DSTO
Platforms Sciences Laboratory, 2004.

AUVAC. (2011, 15/08/2012). Autonomous
Undersea Vehicle Applications Center. Available:
http://auvac.org/explore-database/explore-database
A. D. Bowen, et al, "The Nereus hybrid
underwater  robotic  vehicle," Underwater
Technology: The International Journal of the
Society for Underwater, vol. 28, pp. 79-89, 2009.
M. A. Rex and R. J. Ettera, "Bathymetric patterns
of body size: implications for deep-sea biodiversity
" Deep Sea Research Part Il Tropical Studies in
Oceanography, vol. 45, pp. 103-127, 1998.
Katherine F. Smith and J. H. Brown, "Patterns of
diversity, depth range and body size among pelagic
fishes along a gradient of depth," Global Ecology
and Biogeography, vol. 11, pp. 313-322, 2002.

M. A. Collins, D. M. Bailey, G. D. Ruxton and I. G.
Priede, "Trends in body size across an
environmental gradient: A differential response in
scavenging and non-scavenging demersal deep-sea
fish," Proceedings of the Royal Society of London.
Series B, Biological Sciences, vol. 272, pp. 2051-
2057, 2005.

c. Schlieper, "High pressure effects on marine
invertebrates and fishes " Marine Biology, vol. 2,
pp. 5-12, 1968.

H. E. Barnes and J. J. Gennari, "A Review Of
Pressure Tolerant Electronics," Naval Research
Laboratory1976.

R. A. Wilson and J. W. Bales, "Development and
Experience of a Practical, Pressure-Tolerant,
Lithium Battery for Underwater Use," in Oceans
2006, Boston, MA, 2006, pp. 1-5.

H. T. Rossby, E. R. Levine and D. N. Connors,
"The isopycnal swallow float—A simple device for
tracking water parcels in the ocean," Progress In
Oceanography, vol. 14, pp. 511-525, 1985.

C. C. Eriksen, et al., "Seaglider: A Long-Range
Autonomous Underwater Vehicle for
Oceanographic Research," [EEE Journal of
Oceanic Engineering, vol. 26, pp. 424-436, 2001.
E. D. S. Corner, E. J. Denton and G. R. Forster,
"On the Buoyancy of Some Deep-Sea Sharks "
Proceedings of the Royal Society of London. Series
B, Biological Sciences, vol. 171, pp. 415-429, 1969.

[15]

[16]

[17]

(18]

[19]

(20]

[22]

(23]

(24]

[30]

[31]

M. R. Clarke, E. J. Denton and J. B. Gilpin-Brown,
"On the use of ammonium for buoyancy in squids,"
Journal of marine biology association uk, vol. 59,
pp. 259-276, 1979.

J. S. Parsons, R. E. Goodson and F. R.
Goldschmied, "Shaping of Axisymemetric Bodies
for Minimum drag in incompressible flow,"
Journal of hydronautics, vol. 8, pp. 100-107, 1974.

M. A. Moline, et al., "Remote Environmental
Monitoring Units: An Autonomous Vehicle for
Characterizing Coastal Environments," Journal of
Atmospheric and Oceanic Technology, vol. 22, pp.
1797-1808, 2005.

GAVIA. (2009, 11/11/2009). GAVIA the Great
Northen Diver. Available: http://gavia.is/

S. McPhail, "Autosub6000: A Deep Diving Long
Range AUV," Journal of Bionic Engineering, vol.
6, pp. 55-62, 2009.

G. Griffiths, et al, "Towards environmental
monitoring with the Autosub autonomous
underwater vehicle," presented at the International
Symposium on Underwater Technology, 1998,
1998.

A. B. Phillips, et al., "Delphin2: An Over Actuated
Autonomous Underwater Vehicle for Manoeuvring
Research," [International Journal of Maritime
Engineering, vol. In Press, 2010.

K. Kurita, "Chitin and Chitosan: Functional
Biopolymers from Marine Crustaceans " Marine
Biotechnology, vol. 8, pp. 203-226, 2006.

C. A. Hui, "Seawater Consumption and Water Flux
in the Common Dolphin Delphinus delphis,"
Physiological Zoology, vol. 54, 1981.

M. R. Hebrank and J. H. Hebrank, "the mechanics
of fish skin: lack of an "external tendon" role in
two teleosts," The Biological Bulletin, vol. 171, pp.
236-247, 1986.

E. S. Goodrich, Studies on the structure and
development of vertebrates vol. 1. New York:
Dover Publications Inc, 1958.

D. R. Carter and G. S. Beaupré, Skeletal Function
and Form: Cambridge University Press, 2007.

J. P. Bilezikian and L. G. Raisz, Principles of bone
biology vol. 1: Academic Press Inc, 2002.

A. S. Romer and T. S. Parsons, The Vertebrate
Body, fith ed. Philadelphia: W. B Saunders
Company, 1977.

Helen Rockwell, F. Gaynor Evans and H. C.
Pheasant, "The comparative morphology of the
vertebrate spinal column. Its form as related to
function," Journal of Morphology, vol. 63, pp. 87-
117, 1938.

J. J. Videler, Fish Swimming. New York: Springer,
1993.

E. A. Buchholtz and S. A. Schur, "Vertebral
osteology in Delphinidae (Cetacea)," Zoological



[32]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Journal of the Linnean Society, vol. 140, pp. 383-
401, 2004.

J. A. WALKER, "Does a rigid body limit
maneuverability?,"  Journal of Experimental
Biology, vol. 203, pp. 3391-3396, 2000.

A. J. Murphy and M. Haroutunian, "Using bio-
inspiration to improve the capabilities of
underwater vehicles," presented at the 17th
International Symposium on  Unmanned
Untethered Submersible Technology (UUST),
Portsmouth, Massachusetts, USA, 2011.

F. E. Fish, "Transitions from drag-based to lift-
based propulsion in mammalian swimming,"
American Zoology, vol. 36, pp. 628-641, 1996.

F. E. Fish, "Power output and propulsive efficiency
of swimming bottlenose dolphins (Tursiops
truncatus)," Journal of Experimental Biology, vol.
185, pp. 179-193, 1993.

J. Carlton, Marine propellers and propulsion.
Oxford: Butterworth-Heinemann, 2007.

J. M. Anderson and N. K. Chhabra, "Maneuvering
and stability performance of a robotic tuna,"
Integrative and Comparative Biology, vol. 42, pp.
118-126, 2002.

J. Yu, Y. Hu, J. Huo and L. Wang, "Dolphin-like
propulsive mechanism based on an adjustable
Scotch yoke," Mechanism and Machine Theory,
vol. 44, pp. 603-614, 2009.

M. 1. Wolf, S. C. Licht, F. Hover and M. S.
Triantafyllou, "Open loop swimming performance
of ‘Finnegan’ the biomimetic flapping foil AUV,"
presented at the Sixteenth (2006) International
Offshore and Polar Engineering Conference, San
Francisco, California, USA, May 28-June 2, 2006.
C. Fiazza, et al., "Biomimetic mechanical design
for soft-bodied underwater vehicles," presented at
the OCEANS 2010 IEEE -, Sydney 2010.

A. B. Phillips, et al., "Nature in Engineering for
Monitoring the Oceans: Comparison of the
energetic costs of marine animals and AUVs," in
Further Advances in Unmanned Marine Vehicles,
G. N. Roberts and R. Sutton, Eds., ed: IET, 2012.
G. Griffiths, J. Jamieson, S. Mitchell and K.
Rutherford, "Energy storage for long range
AUVs," in ATUV 2004 conference, London, 2004,
pp. 8-16.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


