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Abstract— Autonomous Underwater Vehicles (AUVs) are
getting progressively sophisticated by increasing their self-
governance capabilities which allow them to deal with more and
more complex missions. However, there is still not a common
agreement on the aspects that should be evaluated to know what
level of autonomy AUVs provide. This paper reviews the current
approaches to assess autonomous behavior in self-governed
vehicles. It recaps the capabilities and perspectives taken into
account as aspects to evaluate autonomy in unmanned systems
from different domains. This provides the foundations to develop
and propose assessment criteria for AUVs. This paper also
proposes potential metrics for undersea autonomy in order to
determine the degree of autonomy in AUVs. A case study based
on a generic AUV is presented to show how the autonomy-
assessment criteria for underwater vehicles can be applied.

Index Terms—Underwater Autonomy, Unmanned Undersea
Vehicles, Metric Assessment of Autonomy.

1. INTRODUCTION

Autonomous Underwater Vehicles (AUVs) are getting
progressively sophisticated by increasing their self-governance
capabilities which allow them to deal with more and more
complex missions. In spite of the fact that undersea autonomy
is a key system requirement in AUVs, there is still not a
common agreement on the aspects that should be evaluated to
know whether AUVs satisfy the Degree of Autonomy (DoA)
expected. This measure establishes the AUV utility in terms of
how autonomous it is or how much autonomy it has.

Well-defined criteria are essential to know what and how
has to be assessed in order to determine the DoA of AUV(s).
Moreover, a clear definition of assessment criteria for
autonomous AUV attributes can assist developers in selecting
the most suitable architecture for AUVs. The challenge is to
know what should be measured from the AUVs, and what
metrics should be applied (based on the above measures) to
determine their DoA.

In order to tackle the above issue, this paper reviews the
current approaches to assess autonomous behavior in self-
governed vehicles by recapping the aspects taken into account
to evaluate autonomy in unmanned systems from different
domains. This provides the foundations to develop and propose
an aspect-based framework for autonomy-assessment criteria.

The framework aspects basically come from the
perspectives adopted (i.e. underwater autonomy with respect to
what, involving interactive behavior), and the system
capabilities (i.e. autonomous processing and communication,
involving underwater navigation, guidance, control, etc.)
considered when evaluating AUVs. They are analyzed in order
to quantitatively define the DoA for AUVs by means of
metrics. In addition, the aspects give an insight into
autonomous characteristics of AUVs that involve types, limits,
and approaches of autonomy as well as concepts such as multi-
dimensional and adjustable autonomy.

Based on the DoA, AUVs can be evaluated as to their
ability to automatically make decisions, implement their
choices, and solve problems in an autonomous manner. The
DoA is a number that requires of a scalable reference to be
compared with in order to know what autonomous capabilities
are provided by AUVs for such a DoA. The reference proposed
in the current research work is the Level of Autonomy (LoA)
in AUV(s), and based on a scale inspired by autonomous
control levels defined for military and aerospace systems.

The motivation to know the LoA from AUV(s) is that
its/their autonomous capabilities can be ‘quantified’ so AUVs
can be compared with other based on an underwater autonomy
of reference. This becomes important in cases such as selecting
an AUV or a group of them for a particular underwater
mission, specifying what DoA is expected for development or
operation of AUV(s), or identifying weaker and stronger
architectures and designs of underwater autonomy. Ultimately,
it is useful to study suitability of AUVs for different missions
assigned.

The rest of the paper is structured as follows. Section II
presents the background for this research work by reviewing
and defining relevant concept for the assessment process.
Section III shows a classification of existing autonomy levels.
Section IV studies the measurable capabilities considered by
current research works for autonomy assessment. Section V
describes the assessment criteria proposed for underwater
autonomy, and shows application examples based on a generic
AUV platform. Last Sections are devoted to the conclusions,
and future direction for this research.



II. BACKGROUND

In order to consider autonomy and its assessment in more
detail, this Section first describes some concepts and
definitions that are relevant in the discussion.

It is generally accepted that an automated system is one that
does not make choices for itself, but follows a script in which
the choice out of all possible courses of action has already been
made. If the system encounters an unplanned-for situation, it
stops and waits for human help. Thus for an automated system,
choices have either already been made or encoded, or they
must be made externally. An autonomous system, however,
does make choices on its own. It tries to accomplish its
objectives locally, without human intervention, even when
encountering uncertainty or unanticipated events. However,
autonomous systems do have an automatic and automated
decision-making process.

Autonomy is a quality factor with a continuous spectrum
that is calculated though the DoA. This metrics is a real
number by which a meaning for each DoA calculated is
impossible (and probably without sense). Therefore, a discrete
autonomy scale (autonomy levels) is required to quantitatively
realize what autonomous capabilities are provided by AUVs
according to the calculated DoA.

III. CLASSIFICATION OF AUTONOMY LEVELS

Before looking at quantifiable capabilities for autonomy,
the autonomy levels that have been created in the most relevant
rescarch works are first identified. They are defined by
following the essential concept of autonomy, i.e. in terms of
independence to make choices, and implement such decisions.

Early attempts to define the DoA in autonomous systems
have been linked to metrics. It proved difficult to find a
definition for the LoA based on general metrics. Most have
therefore been based on task-specific metrics defined according
to the investigation domain. Such efforts mainly came from
contributions by Los Alamos National Laboratory [22], Draper
Laboratory [21], and the Air Force Research Laboratory [6].
There is also a particular approach from the US Army that is
taken into account by the US Navy for autonomous vehicles in
support of naval operations [2]. Collectively, they are a useful
starting point for attempts at generalization.

Table I summarizes the key characteristics of these main
existing autonomy-assessment criteria for autonomous
systems. The numbers of levels they take into account are
different but the ranges of DoA are the same. The ability
measures vary from one approach to other but all of them
address the three basic computational elements: sensing,
processing (including communicating), and actuating.

TABLE I. CHARACTERISTICS OF THE MAIN ASSESSMENT CRITERIA FOR AUTONOMOUS SYSTEMS

Contributor Acronym Name Reference Number of Levels Ability Measures Domain
Los Alamos Mobility Mobility
National MAP Acquisition [22] 6 + external events Acquisition Any
Laboratory Protection Protection
Draper 3D Mobility control
P 3DIS Intelligence [21] 4 Task planning Any
Laboratory Lo
Space Situational awareness
Air Force AUtonomous Perception/Situational awareness
Research Initial ACL [6] 10 + human-like Analysis/Decision making Aeronautics
Control Level . .
Laboratory Communication/Cooperation
. Observe
Air Force Autonomous Orient
Research Final ACL utonomou [6] 11 . Aeronautics
Laborator Control Level Decide
y Act (OODA)
Observation, Perception, and Situation Awareness
US Army AS Army Scale [2] 10 Decision-making ability Military
Capability
Automation Observe
and Orient .
NASA AAS Autonomy [28] 8 Decide Astronautics
Scale Act (OODA)

IV. MEASURABLE CAPABILITIES FOR AUTONOMY

Various approaches have been proposed to assess
autonomous behaviors in self-governed/directed vehicles. This
Section recaps the various viewpoints adopted by researchers,
and identifies the system capabilities taken into account to
evaluate autonomy in unmanned systems.

A. Current Approaches to Assess Autonomy
The literature review in this section is basically focused on
the following perspectives.
e An autonomy classification based on the context in
which agents (autonomous entities) interact. An

approach is proposed as to environment, agent
interaction, agent organization, system user, and
internal agent in an attempt to classify different
autonomies in Multi-Agent Systems (MAS) [19]. The
proposed classification is by itself an assessment
criterion for autonomy.

e The performance measures framework for unmanned
systems (PerMFUS) [1], based on ALFUS [20],
proposes a tree-aspect approach to evaluate the
performance in unmanned systems. The aspects are
missions, environment, and systems. They correspond
to mission complexity, environmental complexity, and



human independence or operator independence or
autonomy level respectively in ALFUS.

e A broader consideration for assessment criteria is
proposed at an entrepreneurial level by covering
criteria for Autonomous Test and Evaluation (ATE),
and ATE Enterprise (ATEE) [5]. This approach
addresses a wider viewpoint than the two above
approaches by taking into account development and
business issues of autonomous systems.

e An assessment criterion based on levels of autonomy
for different system capabilities [6]. The autonomy
degree of unmanned vehicles is specified according to
the operational and functional system capabilities as to
the ability of such systems to survive in the world.

Following the above perspectives and taking them as

foundations, a classification of the existing assessment criteria

can be done based on the different perspective dimensions, and
the autonomy provided from the systems’ capabilities. Each
refereed approach listed in the table shows what system
capability is considered, and what perspective dimension is
taken to evaluate it. Some approaches such as [6] make a
categorization of the levels of autonomy for each system
capability.

Table II shows a classification of the current autonomy
assessment criteria (‘perspectives’) based on the above
approaches, and for twenty research works representative of
the state of the art. This table groups related concerns from
researchers that analyze assessment criteria for autonomy.
They take into account similar perspectives by using different
but equivalent names.

TABLE II. CLASSIFICATION OF THE EXISTING ASSESSMENT CRITERIA FOR AUTONOMOUS SYSTEMS

P " System Capability
erspective Motion Acquisition Protection Problem-solving Communication Perception
Organization [5], [10], [11], [20] [2],[10] [2]
User (1] (1], [14] [51. (7], [13] (1] (11, (3]
Interaction [1],[17] [1] [51,[71, [13], [18] [1]’[[;‘}’]’[?%’0514]’ [11, [3], [18]
Environment [1],[8] [1], [14] [51,[7] [1], [6] [1], [3], [6]

(1], [5], [6], [10], [11], [14],

[1]. [8], [14],

(51, 6], [7], [13],

(21, [3], [5], [6],

Intra-action [15, [17], [19], [20], [22] [19], [22] [22] [19] [11. {61 [11]. [20] [11],[20]
Mission (1], [151, [18], [20] 18,13 2] eLisk Lo | oo gzop | R ERERER
Autonomous Test &
Evaluation (ATE) 5] (3] [51 (51 (51
Autonomous Test &
Evaluation Enterprise [5] [5] [5] [5] (5]
(ATEE)

B. Categorization of the Measurement Approaches

Figure 1 shows how the researchers’ perspectives are
distributed according to the criteria approaches proposed.
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Fig. 1. Distribution of the exiting assessment criteria by perspectives.

The mission and intra-action perspectives are the most
considered ones, and the ATE and ATEE are the least
considered ones. The self-autonomy (intra-action) is the most
evaluated by researchers. This makes sense since it is about the
internal behavior of the vehicles. Then, it is followed by the
goal-autonomy  (mission), and the social-autonomy
(interaction).

Figure 2 shows how the system capabilities studied by
researchers are distributed according to the criteria approaches
proposed.
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Fig. 2. Distribution of the exiting assessment criteria by capabilities.

The problem-solving, motion, and perception capabilities
are the most considered ones, and the protection is the least
considered one. The problem-solving is the most evaluated by
researchers. This makes sense since it is the key capability of
the autonomy. Then, it is followed by the motion, and the
perception capabilities.



The particular interests for this investigation are the
assessment criteria approaches of autonomy for marine
vehicles. There are a variety of useful measurements that can
characterize the engineering quality of unmanned vehicle
simulation, intelligent autonomy, and operator control station
software. These can be roughly categorized as response of
system components to a range of initial input, parameters
human factors of operator mission management and situational
awareness, and response of system components to changes in
the simulated warfare environment during execution [15].
Other approaches focus on particular marine missions such as
underwater operations with a main concern: power
consumption, e.g. oceanographic surveys. The fundamental
difficulty in this approach is the coupling of space and time
through the AUV survey trajectory. Combined with the finite
velocity and battery life of an AUV, this imposes serious
constraints on the extent of the survey domain and on the
spatial and temporal survey resolutions [16]. A metrics to
quantify autonomy in AUVs can be based on control bits, total
messages size, contact time, and total mission time [17]. The
ASTM-F2541 standard for autonomy and control of AUVs
proposes three assessment criteria for the autonomy system
capabilities based on the different aspects of the deliberative
robotic layer, i.e. situation awareness, decision-making,
planning and control, and external interaction [18].

From table II, concern from researchers that work on the
assessment criteria for maritime autonomy can be identified for
the following system capabilities: “Motion”; only autonomy
from the motion capability is analyzed from the interaction,
intra-action, and mission perspectives. “Acquisition”,
“Problem-solving”, and “Perception”; only autonomy from the
motion capability is analyzed from the interaction, and mission
perspectives. All this information is from research works in
marine systems.

V. ASSESSMENT FRAMEWORK FOR MARITIME AUTONOMY

This Section presents the autonomy-assessment framework
proposed for AUVs. A key aspect of the framework is the
criteria to determine the DoA for the AUV(s) under evaluation.
The framework developed is inspired by the previous
approaches from different autonomy domains as presented in
Section IT and III. From them two basic arguments are stated.
(1) Autonomy cannot be measure by means of system
performance. (2) There is a difference between the autonomy
an AUV can have by nature (innate autonomous behavior as
manufactured; it is called passive autonomy), and the
autonomy it can provides once a mission is given (adjustable
autonomy; it is called active autonomy). Thus, the former
involves a capability-based assessment framework. The latter
involves a goal-based assessment framework. This paper only
focusses on the former framework.

A. Autonomy-Assessment Criteria

The first step to develop a framework is to clearly specify
the assessment criteria by means of well-defined autonomy
levels. They are defined for three main AUV contexts:

e Intra-AUV: this involves the intra-actions (internal
actions) of the AUV(s) that only take place in its
interior. It defines a boundary that does not go beyond
a single vehicle. This why it is classified as ‘itself’.

e Inter-AUV: this involves the interactions of the
AUV(s) that take place in the AUV surroundings, i.e.
environment, operator, and other systems. It defines a
boundary that does not go beyond individual vehicle
interactions. This why it divided into and classified as
‘System’, ‘User’, and ‘Environment’.

e Supra-AUV: this involves the actions of a group of
AUVs as joint actions (e.g. a fleet of AUVs as a whole
autonomous underwater system). It takes into account
the organizational structure in which the AUVs act,
and their interactions take place. This why it is
classified as ‘norm’.

Thus, the framework considers different autonomies
(autonomy with respect to the contextual aspects) as similarly
identified in an existing autonomy classification [19]. Table IIT
shows the LoA with respect to the five above contexts. The
scale from 0 to 9 is defined to specify the LoA with respect to
‘itself’, ‘system’, ‘user’, ‘environment’, and ‘norm’. This table
is the output of the framework since the DoA obtained from the
AUVs under assessment are taken to this table to know what
LoA correspond to such AUVs.

The DoA of AUV(s) with respect to each context is
obtained by following the definition of autonomy (Section II).
Therefore, the assessment framework has to assess the
decision-making capability as well as the enforcement
capability to make the actions happen. This is taken into
account by the Observe-Orient-Decide-Act (OODA) loop [26].
Observe, Orient, and Decide correspond to the decision-
making process. The study on autonomy is not just to make
decisions and enforce them (Act) but also solve problems. To
be able to solve problems, a system must be able to evaluate
the situation (solution). Thus, the problem-solving process is a
decision-making process plus Act plus Check or OODA plus
Check (OODAC).

The AUV capabilities studied come from the combination
of the two above loops (i.e. OODAC). They match the loop
steps as follows. Observe implies ‘Definition’ to identify and
determine the problem, Orient implies ‘Exploration’ of
alternatives as possible solutions, Decision implies ‘Selection’
of an alternative, Act implies ‘Implementation’ of the solution,
and Check implies ‘Verification’ of the situation (after solution
applied).

Table IV shows what is looked for from each of the above
capabilities with respect to the five contexts taken into account.
As stated in Section II, autonomous systems have automated
problem-solving process. Thus, what is evaluated in the AUV
capabilities is automation, i.e. how automatized is the process
or how much automation it has. The level of automation is
introduced in table IV, similar to the LoA but different.



TABLE III. CHARACTERISTICS OF THE MAIN ASSESSMENT CRITERIA FOR AUTONOMOUS UNDERWATER VEHICLES (AUVS)

Level of Intra-AUV Inter-AUV Supra-AUV
Autonomy Itself System User Environment Norm
Fully autonomous to Fully autonomous Behaviour not imposed by | Fully autonomous from any
9 Fully self-autonomous control other underwater | control for underwater |underwater environment at | underwater norm, rule, or
systems missions all law
Automated underwater choices | Automated planning but | Automated planning but Huge freedom to break
. - L . . . Robust response to any
8 but not covering all possible limited re-planning for limited re-planning to underwater norm, rule, or
; - underwater events
underwater choices other underwater systems underwater missions law
Automated but restricted Automated plannmg, and |Automated planning, .and Limited response to any Freedom to break
7 . pre-defined re-planning for | pre-defined re-planning underwater norm, rule, or
underwater choices L. underwater events
other underwater systems | to underwater missions law
Robust response to many .
Automated but influenced Automated planning for | Automated planning to unanticipated, and Little freedom to break
6 . .. .. underwater norm, rule, or
underwater choices other underwater systems underwater missions anticipated underwater law
events
. Automated but limited Automated but limited Limited response to may Hugc? freedom to ignore but
Automated but inferred . . unanticipated, and little freedom break
5 . planning for other planning to underwater .
underwater choices L anticipated underwater underwater norm, rule, or
underwater systems missions
events law
R t response to few | Huge fi m to ignore but
Automated but pre-defined | Automated but pre- obus esponse fo uge cedom to ignore bu
Automated but pre-defined - . unanticipated, and little freedom break
4 . planning for other defined planning to .
underwater choices .S anticipated underwater underwater norm, rule, or
underwater systems underwater missions
events law
. . Limited response to few .
Pre-loaded alternative plans| Pre-loaded alternative .. Huge freedom to ignore
Externally pre-loaded unanticipated, and
3 . . for other underwater plans for underwater . . underwater norm, rule, or
alternative states and actions . anticipated underwater
systems missions law
events
Extemally pre-defined states Pre p.laljmed underwater Pre-planned underwater prust response to Freedom to ignore
2 . missions for other .. anticipated underwater underwater norm, rule, or
and actions missions
underwater systems events law
. Remotely control from . . . .
Externally controlled with cmotety controt Iro Remotely controlled with Limited response to Little freedom to ignore
R . other underwater systems o . .
1 remote monitoring of its states | . e remote monitoring of its |  anticipated underwater underwater norm, rule, or
. with remote monitoring of
and actions . states events law
1ts states
Remotely controlled for | Remotely controlled for | Behaviour imposed by Fully controlled by any
0 Externally controlled .. R underwater norm, rule, or
other underwater systems | underwater missions underwater environment law
TABLE IV. CHARACTERISTICS OF THE MAIN ASSESSMENT CRITERIA FOR AUTONOMOUS UNDERWATER VEHICLES (AUVS)
Problem-solving
Decision-making Action-checking
Definition Exploration Selection Implementation Verification
. Orientation (generation Selection of . . Evolution checking of
Observation to . . Execution of actions .
. . . of alternatives) based on | behaviours that break actions performed that
identification of that break underwater
Norm knowledge of underwater norms, can break underwater
underwater norms, rules, or norms, rules, or laws
L underwater norms, rules, rules, or laws .. norms, rules, or laws
laws (policies) L . (policies) .
or laws (policies) (policies) (policies)
Observation to Orientation (generation Se!ectlon of Execution of actions . .
. . . . behaviours that are . Evolution checking of
identification of of alternatives) based on . that are imposed by S
. . imposed by actions imposed by
Environment underwater environment knowledge of underwater
SR . underwater . underwater
complexity (including underwater R environmental . .
. environmental . environmental conditions
changes) environments . conditions
conditions
Observation to Orientation (generation Selection of . . Evolution checking of
. . . . . Execution of actions .
identification of of alternatives) based on behaviours that to - actions performed to
User A . . . that carry out assigned .
underwater missions given knowledge of different carry out assigned oo carry out the assigned
- = underwater missions L
by users underwater missions underwater missions underwater missions
. Orientation (generation Selection of . . . .
Observation to . (g . Execution of actions Evolution checking of
. . . . . of alternatives) based on behaviours that . . .
identification of interaction : . . . that interact with other actions performed to
. knowledge of interaction interact with other ) .
System with other underwater . underwater systems interact with other
. S with other underwater underwater systems . A
systems (including similar . . . A (including similar underwater systems
systems (including (including similar . L
ones) s ones) (including similar ones)
similar ones) ones)
Internal and external Orientation (generation Selection of . . Evolution checking of
. . . Execution of actions .
observation to of alternatives) based on behaviours that . . actions performed to
Itself that interact with the

identification of interaction
with the rest of the world

knowledge of interaction
with the rest of the world

interact with the rest of
the world

rest of the world

interact with the rest of
the world




B. Autonomy-Assessment Approaches

Two different approaches are proposed. A generic AUV
(non-real) is used for assessment with each approach.

1) Approach A: automated capabilities given by levels of
automation (no domain involved)

The levels of automation for each of the stages
(capabilities) of the problem-solving process are given
according the scale defined for the human-machine interaction
(Appendix). This scale is valid for the interaction between the
user and the AUV but it can be easily adapted in order to be
used for the interaction between the AUV and the ‘norm’,
‘system’, and ‘environment’ contexts, including intra-actions
(itself).

The DoA o regarding each context is calculated as the
average of the LoA d obtained as follows:

a]:(8D+8E+6s+81+8v)/n. (1)

Where:

Op: LoA of the Definition capability.

Og: LoA of the Exploration capability.

ds: LoA of the Selection capability.

O1: LoA of the Implementation capability.

dy: LoA of the Verification capability.

n: amount of LoA taken into account (five LoA).

2) Approach B: System capabilities as reference to

calculate the levels of automation

The levels of automation for each of the stages of the
problem-solving process are given by the relation between the
automated capabilities provided by the AUV(s) under study,
and the full capabilities an ideal AUV(s) should have, listed as
standard AUV capabilities. Thus, calculating the percentage of
each capability with respect to the full list of them that an AUV
is expected to have, provides a numerical value that can be
placed in the cell of table I'V.

The DoA o regarding each context is calculated as the
average of the LoA § obtained as follows:

a2 = ((Mpauvy)/ Moesta) 10 + Me@auyy / Nesia) 10 + Msavy)/
Nssta) 10 + (Miavv) / Miesia) *10 + (Myvavy) / Nvisia) ¥10) /1.
2

1p: amount of behaviors as Definition capabilities

ng: amount of behaviors as Exploration capabilities

7ns: amount of behaviors as Selection capabilities

71 amount of behaviors as Implementation capabilities
nv: amount of behaviors as Verification capabilities

n: amount of LoA taken into account (five LoA)
Where n =5, then:

oz = (Mpauvy/ Moy T Neauvy/ Mesa) + Msaoyy/ sy T Miaoy)
! Nistay + Nvavwy/ Nvsay) * 2. 3

C. Case Study

A generic AUV is studied. It has hypothetical problem-
solving capabilities, i.e. Definition, Exploration, Selection,
Implementation, and Verification as defined by the autonomy-
assessment criteria.

1) Approach A

The hypothetical AUV capabilities for problem-solving

produce levels of automation as specified in table V.

TABLE V. LEVELS OF AUTOMATION A GENERIC AUV

Definition | Exploration | Selection = Implementation | Verification
Norm 1 4 8 5 3
Environment 4 5 4 3 3
User 7 6 8 2 4
System 2 1 5 2 2
Itself 8 4 6 7 7

The autonomy degrees obtained for each context are: oo
= 425 OEnvironment — 38a Oyser = 48a aSystem = 245 and tself = 6.4.
These DoA means the following levels of autonomy according
to the table III. The autonomy levels of the generic AUV
according to the above Autonomy degrees are summarized in
table VI. Each LoA and autonomy meaning are from table III.

TABLE VI. LEVELS OF AUTONOMY OBTAINED FOR THE GENERIC AUV
UNDER STUDY

DoA LoA Autonomy meaning
Norm 42 4 Huge freedom to ignore but little
freedom break norm, rule, or law
Environment 338 4 Automated but 11m1te_d planmng to
underwater missions
User 48 5 Pre-planned missions for other
underwater systems
System 24 5 Robust response to few unanticipated
and anticipated underwater events
Itself 6.4 6 Automated but 1nﬂ}lenced underwater
choices

Figure 3 shows a radar-like score card representation of the
five-dimensional autonomy of the generic AUV under study.

Environment

System User

Fig. 3. Five-dimensional autonomy of the generic AUV according to
approach A




2) Approach B

The levels of automation are not used in this approach to
specify the five autonomy capabilities of the AUV studied.
Instead, the above formula is utilized to specify each DoA. It is
a combination between the standard -capabilities (full
specification of all the capabilities expected for an ideal AUV),
and the capabilities provided by the generic AUV under study.

Table VII shows the numbers obtained after applying the
above formula.

TABLE VII. OF AUTOMATION A GENERIC AUV

Definition | Exploration | Selection Implementation Verification
Norm 0.15 0.45 0.85 0.50 0.35
Environment|  0.40 0.50 0.40 0.35 0.30
User 0.75 0.65 0.80 0.20 0.45
System 0.20 0.15 0.55 0.25 0.20
Itself 0.85 0.45 0.60 0.70 0.75

The Autonomy degrees obtained for each context are: onom
= 465 OEnvironment — 39a Oyser = 57a aSystem = 275 and tself = 6.7.
These DoA means the following levels of autonomy according
to the Table III. The autonomy levels of the generic AUV
according to the above Autonomy degrees are summarized in
Table VIII. Each LoA and autonomy meaning are from table
1.

TABLE VIII. LEVELS OF AUTONOMY OBTAINED FOR THE GENERIC AUV

UNDER STUDY
DoA LoA Autonomy meaning
Norm 46 4 Huge freedom to ignore but little
freedom break norm, rule, or law
Environment 39 4 Automated but 11m1t§d planmng to
underwater missions
User 57 6 Automated plar_lnlpg to underwater
missions
System 27 3 Pre-loaded alternative plans for other
underwater systems
Ttself 6.7 7 Automated but 1nﬂ}16nced
underwater choices

Figure 4 shows a radar-like representation of the five-
dimensional autonomy of the generic AUV under study.

Itself Environment

Fig. 4. Five-dimensional autonomy of the generic AUV according to
approach B

D. Comparison of Approaches

Figure 5 shows each LoA obtained for the generic AUV
according to the two approaches proposed.

10

/ == Approach 1
e
/ —— Approach 2

—#—Ideal AUV

Y

A 4

Degree of Autonomy (DoA)
ok N W A O oo N ® O
>>

Norm Enviroment User System Itself

Automated Capabilities

Fig. 5. Comparison among refinement techniques

Both approaches produce similar level of autonomy. Same
results are obtained for the LoA with respect to the norm and
the environment. There is one level up of difference for the
reaming LoA regarding the user, the system, and itself.

Autonomy levels obtained from approach A are values that
do not have any reference as to what capabilities a fully AUV
should have. They only take into account the automated
capabilities to autonomously perform underwater tasks. On the
other hand, Autonomy levels obtained from approach B are
relative results to the automated capabilities an ideal AUV
should have. They provide a degree given by the relation
between what automated capability a studied AUV has, and
what automated capabilities a fully AUV should have. The
second approach is more accurate than the first one since it is
quantifying the percentage of automated capabilities provided
by the AUV under study against the ideal AUV capabilities.
The ideal AUV is that has 9 for each LoA.

VI. CONCLUSIONS

Autonomy-assessment criteria have been developed. Two
approaches to estimate passive autonomy have been proposed,
and analyzed. The application of these criteria has been showed
by means of a generic AUV, and provides a way to quantify its
autonomous capabilities based on a LoA scale. The approaches
have focused on the passive autonomy provided by AUVs as a
potential autonomous capability to automatically make
decision, and potentially solve problems. The LoA scale is
expected to be standard where anyone working with AUVs has
a ‘common language’ when dealing with AUVs, and other
people in the same field. The criteria have been initially
applied to autonomous undersea systems but could be
expanded to other application domains such as autonomous
systems for space, air, or land.

The autonomy-assessment criteria proposed in this paper is
the foundation for the next research direction. It will refine the
measurement of passive autonomy metrics and focus on the
active maritime autonomy, and also the development of a
testbed-based framework to evaluate autonomy of unmanned
maritime vehicles. The active DoA will depend on the mission
assigned (goal, and sub-goals).



APPENDIX

The following table has a classification for the levels of
automation. It is a scale defined for levels of automation in
human-machine interaction [27], and has to be adapted to meet
the AUV capabilities, including the scale (i.e. from 0 to 9
instead of 1 to 10).

. Level of .
Automation Automation Description
Extremely- 10 The system decides everything, acts
high autonomously, ignoring the human.
Super-high 9 The system informs the hL'tman only if it, the
computer, decides to.
Ultra-high 8 The system informs the human only if asked,
Very-high 7 The system executes automatically, and then
necessarily informs the human.
. The system allows the human a restricted time to
High 6 . .
veto before automatic execution.
The system executes the above suggestion if the
Low 5
human approves.
Very-low 4 The system suggests one alternative.
Ultra-low 3 The system narrows the selection down to a few.
Super-low 5 The system offers a complete set of decision /
action alternatives.
Extremely- 1 The system offers no assistance. Human must
low take all decisions and actions.

ACKNOWLEDGMENT

Financial support for this work is from the UK Ministry of
Defence through the Osprey Consortium in Task 37 Activity 1
"Maritime Autonomy programme" 2011-12 lead by BAE
Systems (Mission Systems).

REFERENCES

[1] H. Huang, E. Messina, A. Jacoff, “Performance measures
framework for unmanned systems (PerMFUS) - Initial
perspective”, in proc. PerMIS Workshop, Gaithersburg, 2009.

[2] “Autonomous vehicles in support of naval operations”,
Committee on Autonomous Vehicles in Support of Naval
Operations, National Research Council, 2005.

[3] J. D. Gehrke, “Evaluating situation awareness of autonomous
systems”, in proc. PerMIS Workshop, Gaithersburg, MD, 2008.

[4] A. S. Lewis, L. G. Weiss, “Intelligent autonomy and
performance measures for coordinated unmanned vehicles”, in
proc. PerMIS Workshop, 2004.

[S] J.Ring, “Metrics for co-evolving autonomous systems”, in proc.
PerMIS Workshop, Gaithersburg, MD, USA, 2009.

[6] B. T. Clough, “Metrics, schmetrics! How the heck do you
determine a AUV’s autonomy anyway?”, in proc. PerMIS
Workshop, Gaithersburg, MD, USA, 2002.

[71 A. Yavnai, “An information-based approach for system
autonomy metrics — Part I: Metrics Definition”, in proc. PerMIS
Workshop, Gaithersburg, MD, USA, 2003.

[8] K. S. Barber, C. E. Martin, “Agent autonomy: specification,
measurement, and dynamic adjustment”, in proc. Autonomy
Control Software Workshop at Autonomous Agents, Seattle,
WA, USA, 1999.

[9] A. Lampe, R. Chatila, “Performance measure for the evaluation
of mobile robot autonomy”, in proc. IEEE Int. Conf. on
Robotics and Automation, Orlando, USA, 2006.

[10] A. Finn, S. Scheding, “Developments and challenges for
autonomous unmanned vehicles”, Intelligent Systems Reference
Library, vol. 3, ch. 5, 2010, pp. 128-154.

[11] H. Huang, J. Albus, E. Messina, “Specifying Autonomy Levels
for Unmanned Systems: Interim Report”, in proc. SPIE Defense
and Security Symposium, Conf. 5422, Orlando, USA, 2004.

[12] J. L. Harbour, D. J. Bruemmer, D. A. Few, “Measuring
unmanned vehicle system performance: challenges and
opportunities”, in AUVSI Unmanned Systems North America,
Orlando, FL, USA, 2006.

[13] L. A. Young, “Feasibility of turing-style tests for autonomous
aerial vehicle ‘intelligence’”, AHS International Specialists’
Meeting on Unmanned Rotorcraft, Chandler, AZ, 2007.

[14] J. B. Carraway, G. F. Squibb, “Autonomy metrics”, in proc. of
the Fourth International Symposium, Munich, Germany, 1996.

[15] S. O’Day, et al., “Metrics for intelligent autonomy”, in proc.
PerMIS Workshop, , Gaithersburg, MD, 2004.

[16] J. S. Willcox, J. G. Bellingham, Y. Zhang, A. B. Baggeroer,
“Performance metrics for oceanographic surveys with
autonomous underwater vehicles”, IEEE Journal of Oceanic
Engineering, vol. 26, no. 4, 2001, pp. 711-725.

[17] T. B. Curtin, D. M. Crimmins, J. Curcio, M. Benjamin, C.
Roper, “Autonomous underwater vehicles: trends and
transformations”, Marine Technology Society Journal, vol. 39,
no. 3, 2005, pp. 65-75.

[18] American Society for Testing and Materials (ASTM), “Standard
guide for Unmanned Undersea Vehicles (UUV) autonomy and
control”, F2541, 2006.

[19] C. Carabelea, O. Boissier, A. Florea, “Autonomy in multi-agent
systems: a classification attempt”, Agents and Computational
Autonomy - Potential, Risks, and Solutions, LNAI 2969,
Springer-Verlag Berlin Heidelberg, 2004, pp. 103-113.

[20] H. Huang, J. Albus, E. Messina, “Autonomy levels for
unmanned systems (alfus) framework: an update”, in
proceedings SPIE Defense and Security Symposium,
Conference 5422, Orlando, FL, USA, 2005.

[21] M. Cleary, M. Abramson, M. B. Adams, S. Kolitz, “Metrics for
embedded collaborative intelligent systems”, Charles Stark
draper Laboratory, Inc., 2000.

[22] B. Hasslacher, M. W. Tilden, “Living machines”, Los Alamos
National Laboratory, 1995.

[23] J. M. Bradshaw, P. J. Feltovich, H. Jung, S. Kulkarni, W.
Taysom, A. Uszok, “Dimensions of adjustable autonomy and
mixed-initiative interaction”, Agents and Computational
Autonomy - Potential, Risks, and Solutions, LNAI 2969,
Springer-Verlag Berlin Heidelberg, 2004, pp. 17-39.

[24] “Autonomous Systems: Social, legal and ethical issues”, The
Royal Academy of Engineering, 2009.

[25] J. P. Gunderson, L. F. Gunderson, “Intelligence # Autonomy
#+ Capability”, in proc. PerMIS Workshop, Gaithersburg, MD,
USA, 2004.

[26] J. R. Boyd, The Essence of winning and losing, 1996.

[27] T. B. Sheridan, “Human and automation: System design and
research issues”, Human Factors, vol. 39, no. 2, pp. 280, 2002.

[28] R. W. Proud, J. J. Hart, R. B. Mrozinki, “Methods for
determining the level of autonomy to design into a human

spaceflight vehicle: a function specific approach”, in proc.
PerMIS Workshop, Gaithersburg, MD, USA, 2003.




<<
  /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


