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Abstract—University of Idaho (UI) researchers have designed 

and constructed a fleet of autonomous underwater vehicles 
(AUVs) that are used to investigate a range of collaborative 
behaviors. The fleet was initially developed to investigate the use 
of AUVs to detect and inspect sea mines and mine-like objects in 
mine countermeasure (MCM) missions. Due to the collaborative 
nature of the mission, communication is critical to success. The 
nature of underwater acoustic communication is such that 
bandwidth is severely limited and errors in messages frequently 
occur (i.e only 80-90% transmission successes). In this paper we 
describe a method for correcting messages with errors by 
anticipating the possible messages being sent. This approach to 
message anticipation views fleet communication as conversational, 
allowing application of concepts related to natural human 
language. Because all the AUVs share the same language and the 
logic associated with that language, they can all anticipate, to some 
extent, the message being sent by another AUV. We refer to the 
use of language and its logic to anticipate and evaluate future 
hypothetical scenarios as language-centered intelligence (LCI). By 
applying the principals of fuzzy logic and probability, we expand 
upon previous message anticipation work at UI and demonstrate 
that such an approach can be used to repair the majority of a 
specific class of errors.  

Keywords-Message anticipation, error correction, UUV, 
acoustic communication, natural language, hypothetical reasoning, 
language-centered intelligence 

 
I. INTRODUCTION 

The University of Idaho (UI) fleet of autonomous 
underwater vehicles (AUVs) as seen in Fig. 1 relies heavily on 
collaboration and communication during missions. Because the 
AUV fleet communicates acoustically and in an underwater 
environment, noise and its effects can interfere with message 
transmission. Specifically, at typical separation distances for 
the missions being performed by our AUVs, it has been found 
that communication success lies in the range of 80-90% [1]. 
The AUVs use Woods Hole Oceanographic Institute (WHOI) 
modems [2] for acoustic communication. These modems 
employ error-checking methods during message receipt to find 
and eliminate the failed messages but cannot correct them. This 
paper details a method where the language and the logic used 
by the AUVs along with the principals of natural language 
communication are used to correctly anticipate inter-vehicle 
communications and improve fleet performance by correcting 
errors in messages. The use of language and its associated logic 
to anticipate and evaluate future hypothetical scenarios is 
referred to as language-centered intelligence (LCI) [3,7,8]. 

In some fundamental manner, human intelligence and 
language are closely related. Clearly, we are the most 
intelligent animal on this planet and also the one having the 
most developed language. Try formulating a thought without 
using words. Certainly, visualization can be used in some 

thinking processes but even these processes usually make use 
of words in helping define or explain any pictures formed in 
the brain. What role, then, did language play in developing our 
intelligence? Is language required for our intelligence or simply 
an artifact or outcome of our intelligence? Because our robotic 
research deals with acoustic communication, cooperative 
behavior, and language, a number of similarities between 
human and robotic behavior can be recognized. Understanding 
the way humans behave and process information may be very 
helpful, in a bio-mimetic manner, for robotic development. 
Alternatively, robotic development may provide some 
information on how humans developed. 

Humans are remarkably adept at correcting messages and 
use the internal logics that determine message structure (i.e., 
the syntactic language logic), message content (i.e., the 
semantic language logic), and implications that can be drawn 
from messages taken together with facts about human behavior 
and the operating environment for this purpose. In fact, some of 
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Fig. 1. UI AUVs in preparation for field testing. 
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the first “thinking” that humans may have done with language 
was probably thinking about what was said, both the sounds 
and context. Improving the message transmission rate or being 
able to correct the corrupted messages in actual practice would 
be very welcomed and perhaps, in some sense, the AUVs are 
evolving in a manner similar to humans.  

In particular, mine countermeasure missions (MCM) require 
the use of position estimates, command structure, formation 
flying and vehicle task data – all of which rely heavily on 
active inter-fleet communication. During MCM missions, the 
AUVs attempt to locate and identify mine-like objects (MLOs) 
in a pre-defined search field. To accomplish this task the subs 
have a dynamic mission goal and a robust set of allowed (and 
necessary) cooperative and individual behaviors within the 
mission framework; as such, this type of mission provides a 
great opportunity for analysis of communication structures and 
logical processes. AUV operation within this mission context 
provides a language and logic that is rich enough to start using 
correction methods associated with natural language. 

II. NATURAL LANGUAGE AND ANTICIPATION 
The key to the goal of anticipating an expected message lies 

in the understanding of that message (and related 
communications) in terms of natural language. In human 
interaction – in conversation as well as reading – predictions of 
future words are made continuously [3]. Further, it has been 
found that the predictions are made on a probabilistic basis (i.e. 
several possibilities for an upcoming word may exist, each with 
a different probability) and that these probabilities vary as more 
information becomes available [4].  

It seems reasonable, then, that the foundation for the project 
of message anticipation should be rooted in the means by 
which humans engage in the same activity. In [5], it is noted 
that contextual clues not only color a listener’s anticipation of 
what is to come, but can have an effect even on the recognition 
of the contents of a message. It appears, then, that anticipation 
of a message is critical to understanding in natural language 
communication, and that such anticipation is rooted in the 
context of the conversation. This is further corroborated in [6] 
and [7], in which researchers draw upon evidence based in 
event-related brain potential to conclude that anticipation is 
rooted in the context of the message. 

A. Message Anticipation 

The evidence suggests that message anticipation in human 
communication is strongly rooted in the content and 
availability of contextual information. Given the strong support 
for this conclusion, it is reasonable to attempt to view the AUV 
communications as having at least some of the properties of 
natural human language. As such, it is helpful to understand the 
communication (in particular, communication during a MCM 
mission) as a conversation occurring between the active subs in 
the fleet. Each sub waits for its turn to “speak,” then 
communicates some information relevant to the mission. The 
particular aspects of this conversation will be discussed in 
section III. 

Due to the heavy influence of context on the ability to 
anticipate and the content of that anticipation, it is worth 
mentioning at this point that the UI fleet of AUVs has a 
previously-designed structure in place that provides a great deal 

of contextual data to the fleet despite the relative isolation of 
the subs from one another during missions. This can be seen 
primarily in the construction of the map [8]during and after the 
mission; greater detail will be provided in section III. 

B. Meaning in Conversation 

Towards the goal of anticipating future pieces of a 
conversation, it is important to understand the meaning of what 
has transpired previously. Each word or phrase carries with it a 
meaning to both the sender and receiver upon which future 
actions might be based and which is contingent upon past 
actions and inputs. The task of interpreting the conversation 
falls to the studies of semantics and pragmatics, in which the 
meaning of a word or sentence can be determined in a variety 
of ways.  

In the context of an AUV conversation, we will take 
semantics as pertaining to the meaning of a word insofar as it 
might be considered as an input for a sub hearing that word or 
an output from a sub saying it. In this sense, a set of definitions 
can be applied to the various words in the language used by the 
AUVs and sets of words can be strung together to form 
meaningful phrases. 

The pragmatic meaning of a word then applies to the things 
which might have influenced or which might be influenced by 
its utterance. These comprise the sets of contextual factors and 
implications which go along with any given word or phrase in 
an AUV conversation. 

1) Definitional Meaning 

Definitional meaning pertains to the specific, assigned 
meaning to each word in a sentence. For example, the word 
“clock” corresponds to “a mechanism for tracking the passage 
of time.” Likewise, each word in an AUV communication has a 
basic, assigned meaning that lets both AUVs and researchers 
understand what is being said.  

The definitional meaning of a word also relates to the basic 
syntax of the bit string upon which the word is based. It can be 
viewed as a tool for getting back and forth between the basic 
computer language of the subs and the conversational level of 
the communications. 

2) Implicational Meaning 

In addition to definitional meaning, words and phrases also 
carry additional meaning in the form of logical implication. If a 
person says that he is rowing a boat, there is an implication that 
he is on a lake. If a sub communicates that it is a trailer, there is 
an implication that it is not the leader. Although not necessarily 
connected to the definitional meaning of a word, the 
implicational meaning gives us a basis for generating 
knowledge about the mission which is not communicated 
directly. There is also a level of predictive implication which 
can be applied to AUV communications. For example, it is 
often the case that certain aspects of a message will be repeated 
in consecutive communications from a single AUV; thus, a 
given message carries with it an implication that the next 
message from that AUV will be the same. Although this is not 
always the case, it occurs frequently enough to require that a 
repeated message be at least considered in any anticipation 
scheme. 



It is important to note that implicational meaning in this 
sense is not always a direct, one-to-one correlation between 
word and implication. In the above example, there is obviously 
a possibility that the next message could be different from the 
last. Many implications, then, do not take a hard modus ponens 
format; rather than “if A then B,” implicational meaning in 
AUV conversation often takes the form of “if A then probably 
B.” As such, it can be useful to consider anticipation from a 
probabilistic point of view. 

3) Contextual Meaning 

A word can carry additional levels of meaning (either 
implicational or definitional) that are dependent upon the 
context in which it is uttered. An example in English is the 
word “mouse,” which can be taken to mean either a species of 
small, furry rodent or a tactile input device for a computer. 
Although the specific intent of the speaker is almost never 
explicitly stated in conversation, it will nearly always be 
readily clear to the listener based on contextual clues both 
within and outside of the conversation. 

In AUV communication, an example of this contextual 
ambiguity can be seen primarily in the reporting of tasks which 
are being carried out during the mission. Because there are a 
limited number of words used to describe these tasks, it is often 
the case that interpretation relies on previous communications 
and other contextual factors. For example, a single word is used 
to describe every condition in which a sub is out of formation; 
this can cover situations ranging from normal mission 
operation (i.e. the sub is returning to formation after 
performing a task) to navigation failure and a lost sub. 

As with the implicational meaning, the contextual meaning 
is frequently not a direct correlation between word and 
meaning.  

III. MCM MISSIONS AND AUV STATUS 
The primary goal for an MCM mission is to search a 

specified area for mines and to discover and report the exact 
location of all mines in the area for possible elimination. 
Because the AUVs must thoroughly cover the search area and 
remain close to each other in order to collaborate, a simple 
lawnmower-sweep pattern was used where the AUVs move in 
a formation [8]. In order to maximize fleet effectiveness, the 
subs swim in a formation with swimmers side-by-side leading 
the sweep and trailers following and inspecting mines as 
commanded by the leader (the leader is one of the swimmers). 
This formation, illustrated in Fig. 2, uses a leader-follower 
control strategy where the leader broadcasts its position and the 
other AUVs adjust their position based on the location of the 
leader. This approach provides broad sensor coverage to reduce 
the number of passes made in a given mission area and has 
sufficient flexibility to locate and inspect each mine-like object, 
MLO, for mapping purposes.  

A. Map Development 

The combination of a known sweep pattern and a known 
formation allows the AUVs to make estimations of fleet 
positions despite the bandwidth restrictions and limited 
position communications. Because each AUV has a designated 
position within the formation, a single position broadcast from 
the leader allows any AUV to estimate its position relative to 

the leader and whether or not it is in formation. Also, any AUV 
can estimate the position of all the other subs, assuming they 
are in formation. Of course if an AUV is not in formation, there 
is insufficient information available for any other sub to 
estimate its position.  

The mapping strategy adopted at the UI [8] for MCM 
missions accommodates AUVs operating in a low-bandwidth 
acoustic communication environment. This strategy uses 
mapping logics to facilitate the creation of a decentralized map 
of the search area by multiple AUVs working collaboratively. 
The UI logics rely on acoustic communication among the 
AUVs. The communication scheme and logics allow each 
AUV to create a multi-layered map with both low-resolution 
and high-resolution components. The low-resolution layers are 
based upon smaller, more frequent communications among 
AUVs, and include position estimates for other vehicles, search 
area coverage, estimated MLO locations, and potentially 
dangerous areas. The low-resolution information is available as 
a function of each AUV’s position estimate for the rest of the 
fleet, and is based on formation knowledge and status reports. 
The high-resolution map utilizes larger, less frequent messages, 
as well as the information gathered by the individual AUV (and 
therefore unrestricted by communication) to record data about 
MLO locations and classifications.  

Fig. 3 demonstrates the difference between the information 
contained in the low-resolution map (left) and high-resolution 
map (right). The low-resolution map, developed in-flight 
individually by each AUV, relies on fleet position estimates 
and the information available through communication. The 
high-resolution map is generated in post-processing by 
combining the data collected by each sub. Although the low-
resolution map contains inaccuracies, the approximate fleet 
status estimate by each AUV in real time is closely 
representative of what the vehicles are finding and how they 
are moving. The multi-layered approach also provides the 
benefit of data redundancy. Because of the potential for 
dropped messages and irrecoverable vehicles, it is possible for 
important information to be lost during the course of an MCM 
mission. Maintaining a redundant store of data increases the 
likelihood that all significant information will be available to 
operators after a completed mission. 

B. AUV Language and Communication 

Communication between the UI AUVs relies on low-
bandwidth acoustic messages that are transmitted and received 
by a Woods Hole Oceanographic Institute (WHOI) modem [2]. 
Among the modem’s capabilities is a synchronous 
communication cycle, in which broadcasts by each member in 
a fleet occur in a designated order and at the top of the second. 
This scheme is used during MCM missions to provide the 
AUV fleet with a sufficient number of communications for 

Leader 

Swimmer 1 (S1)

Swimmer 2 (S2)

Trailer 1 (F1)

Fig. 2. Leader-follower formation in a four-sub mission. A full 
fleet consists of five AUVs and will have an additional AUV in 
the trailer position. 



navigation and mission completion, and the regularly-timed 
structure is useful in post-processing. 

Due to the low-bandwidth requirements imposed by the 
nature of acoustic communication and the WHOI modem, a 
dialect of AUVish designated AUVish-BBM [9] [10] has been 
developed that distributes the subs’ communications between 
13-bit and 32-byte messages. The 13-bit, low-informational 
messages are relayed frequently to help maintain formation 
stability and provide the fleet with regular updates about any 
new information or discoveries (such as a newly-detected 
MLO). This information is used by the leader to determine the 
contents, if any, of command messages it broadcasts. Other 
subs use this information to generate a low-resolution map 
(based on position estimates) of the fleet’s course during the 
mission and any MLOs found. 

The 32-byte, high-informational messages are less frequent 
but contain more detailed information. While the 13-bit 
messages are used primarily as a method of fleet maintenance 
and formation stability, the 32-byte messages are primarily 
used to direct and report objectives related to the mission goal 
including an accurate location for a mine. The leader uses these 
messages as a platform for fleet organization and command, as 
well as to record and catalog fleet operations and MLO 
locations. 

It is worth noting that AUV communication shares 
important features with human vocal communication. Relevant 
among these are the facts that both can be considered to be 
low-bandwidth and both are prone to error. Compared with 
modern electromagnetically-based communications that 
transmit messages with rates measured in megahertz or 
gigahertz, the ability to transmit a single 13-bit message in a 
two-second window (see Fig. 4) is a very low amount of data; 
the same can be said about human vocalizations, in which only 
a few words can be transmitted in that time period.  

As discussed in [1] and in Section V of this paper, AUV 
acoustic communication is frequently hindered by dropped or 
error-laden messages. It is easy to compare this to human vocal 
communication: we often stumble over our words, finding 
ourselves unable to find the appropriate word or mixing the 
first part of one word with the last of another. As discussed 
previously, humans have a great faculty for understanding 
these garbled sentences despite their poor form, gaps in 
communication and misplaced or meaningless words. This 

largely has to do with our ability to anticipate what is going to 
be said next or what word should go in place of a missing or 
otherwise broken word. It stands to reason, then, that AUV 
communication can benefit from a similar process of 
anticipating and replacing lost or garbled messages. 

1) Communication Cycle 
Communication within the fleet of AUVs during a MCM 

mission consists of a repetitive cycle during which each sub 
relays 13-bit and 32-byte messages as designated by the 
communication protocol or the fleet leader. While each 13-bit 
message takes only 200 milliseconds to send and each 32-byte 
message takes only 3.2 seconds, extra time is allotted to allow 
for timing errors and to prevent message overlap and 
subsequent loss of data. Each AUV also has an additional one-
second window used for independent location of the fleet by a 
long baseline (LBL) array of tracking transponders (this data 
can be used in postprocessing to more accurately determine 
fleet position throughout the mission).  

The resulting communication cycle is seen in Fig. 4. It 
consists of a 3-second window for each sub to ping the LBL 
tracking system and relay a 13-bit message to the fleet; an 
empty window reserved for fleet or mission expansion; a 6-
second window in which the formation leader broadcasts a 
command message; and a 6-second window in which another 
sub has an opportunity to relay additional information 
requested by the leader. 

2) 13-Bit Messages 
During MCM missions, 13-bit messages are the primary 

mode of communication between subs. They relay low-payload 
updates amongst the fleet about each sub’s status and provide 
information which is used in formation maintenance and 
assignment of mission-related tasks. To this end, the 13-bit 
message structure has been divided into four distinct fields seen 
in Fig. 5 below. 

The first of these fields is the sub’s role. Consisting of three 
bits, it describes the vehicle’s current position in the formation. 
The role field itself is divided into two parts: the first bit is the 
sub’s formation role while the following two are its index 
within that role. Specific to MCM missions, the formation role 
consists of either swimmer or trailer, while the index extends to 
three swimmers and two trailers. The function of each role 

Fig. 3. Comparison of low-resolution (left) and high-resolution (right) maps. The low-resolution map is generated by each AUV in real-time and provides a 
useful state estimate of the fleet.  



within the formation and mission context is d
this paper. 

The second field is a single bit that indicate
the broadcasting vehicle is the current forma
specifics of this position are discussed later
sufficient to describe the field’s function. 
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3) 32-Byte Messages 

For the purposes of this paper, the conten
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battery power). 

Command messages are issued by the 
designate specific changes to formation or 
order to complete mission objectives. In gene
mission start and abort commands, formati
specific action commands. Significant to thi
replacement commands in which one sub assu
missing or lost vehicle or two subs are other
change roles; inspection commands in which 
to investigate an MLO that has been foun
previously; and MLO report commands in 
instructed to relay a 32-byte message contai
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IV. LCI AND MESSAGE ANTICIPA
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B. Message Anticipation Module Developmen
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layer with 10 neurons.  The activation function for all of the 
neurons was a sigmoid function. Backpropagation, using 
Matlab’s default settings, was used for training.  

V. MESSAGE ANTICIPATION SIMULATION AND RESULTS 
To simulate and test the application of the message 

anticipation logic we used a previously-developed software 
package called the Autonomous Littoral Warfare Simulation 
Environment – Monte Carlo (ALWSE-MC). This is the same 
software used by the researchers in [13] to generate strings of 
messages to test error correction algorithms. Based on the past 
success of this method, a similar approach was adopted to test 
the new anticipation logic. 

A. Mission Simulation 

The ALWSE-MC software suite includes the ability to 
model internal vehicle logic, inter-vehicle communications, and 
vehicle dynamic capabilities. Using previously-developed 
vehicle dynamics, communications and vehicle logics [13], we 
generated a series of message histories. Each history consisted 
of the entire record of 13-bit and 32-byte communications for a 
single MCM run with a pre-designated sweep pattern and 
randomly-distributed mines. The runs were performed without 
communications errors or losses.  

Because the AUV fleet communicates acoustically and in 
an underwater environment, noise and its effects must be taken 
into account. Specifically, there is a chance for any given 
communication to become distorted during transmission; at 
typical separation distances during a MCM mission it has been 
found that 13-bit communication success lies in the range of 
80-90% [1]. The error-checking methods employed by the 
WHOI modem during message receipt find and eliminate the 
failed messages.  

Operating under the assumptions that the errors in any 
given message occur randomly and with equal probability on 
each bit and that they consist of one or more bits being flipped 
from the correct value, this error rate can be extrapolated to 
find the rate at which different numbers of bits are flipped. 
Under these assumptions, errors in a 13-bit message string can 
be modeled using a standard binomial distribution ܲሺ݁ݎ݋ݎݎሻ ൌ෍൬ܾ݁൰ܨܤ௘ሺ1 െ ሻ௕ି௘ଵଷܨܤ

௘ୀଵ  

where b is the number of bits (13), e is the number of errors 
and BF is the probability of an individual bit being flipped. 
Setting the value of the overall probability to the above error 
rate in 13-bit communications (0.2 to 0.1) allows a solution for 
the probability BF; this ranges from approximately 0.008 to 
0.017, corresponding to P = 0.1 and 0.2 respectively. 

B. Weighting and Error Generation 

Because the mission histories were generated without 
communication errors, it was possible to use them in 
determining the weights for each rule that would be applied in 
the message anticipation algorithm. Ignoring the first and last 
two message cycles (during which the mission is initializing or 

concluding and the standard message cycle is inapplicable), a 
selected rule could be analyzed by searching for instances in 
which it would be fired. For example, it is a simple matter to 
search the “same as last message” rule and weight it according 
to how often it occurs in a large sample of communications.  
Comparing the total possible number of applications for that 
rule against the number of successful applications yields a 
simple percentage-based weighting for the rule.  

It is important to note that calibrating the message weights 
in this manner links the resulting logic to a particular set of 
circumstances within the mission; of primary importance here 
are the designated sweep pattern and the presence (or absence) 
of failure-inducing obstacles or conditions, such as counter-
countermeasures designed to destroy or disable an AUV. 
Changing this set of conditions can significantly affect the 
frequency of various behaviors, leading to reduced 
effectiveness of a weighting based on different conditions. 

Once the anticipation weights were determined, a 
MATLAB script was developed to randomly seed errors in a 
selected mission history. The errors were generated on a bit-by-
bit basis using the previously-described binomial distribution 
model. Selected bits were flipped from their actual value, and 
the message was given an error flag.  

 

C. AMA Generation and Defuzzification 

Using this script, it is possible to rapidly seed errors in a 
message history and subsequently attempt to repair them. 
Operating on a message-by-message basis simulates the 
conditions of the (simulated) live run from which the message 
history was generated. At each step (each message) in the 
simulation, an AMA is generated by each sub against the 
possibility that the expected incoming message will arrive with 
errors or will fail entirely. In this simulation, the available 
mission context was limited to communication data only, 
including the previous five 13-bit messages and the last 32-byte 
message (one full communication cycle). 

The simulated communication process, including message 
anticipation and error correction, follows the earlier-described 
process shown in Fig. 9. The AMA is generated while the 
message is being “sent” (accessed in the history in this 
simulation) and randomly seeded with errors. If the message is 
found to contain an error, the AMA is accessed and the 
previously-described method of error-based defuzzification is 
applied. The resulting message is substituted for the error-laden 
or missing message, and the mission continues. If the message 
arrives without errors, it is accepted and the AMA discarded. 

D. Results 

Statistical data collected indicate that the great majority of 
errors introduced using this method can be repaired. In this 
context, a message can be considered to have been “repaired” if 
the defuzzified anticipated message matches the original, 
uncorrupted message. 
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Currently, the WHOI modem rejects outright any message with 
an error, leaving a gap in the receiving AUV’s awareness of the 
current mission status; considering that roughly anywhere 
between 10 and 20% of messages become corrupted, a 98% 
recovery amounts to one to two additional messages received 
every two communication cycles. This arguably represents an 
increase in the effectiveness and autonomy of the AUVs. The 
leader sub is more likely to have all the information necessary 
to send out the appropriate command message and, more 
importantly, is less likely to miss a Task report of “mine 
found.” Given a search pattern designed to maximize coverage 
and efficiency, a missed report of a located mine is likely to 
mean a mine that is overlooked. 

It is also important to note that the anticipation and 
correction method is successful for errors in which more than a 
single bit is flipped, where previous message anticipation work 
[13] has focused only on a single flip. Using computer 
simulations and randomly flipping bits, we have found that the 
MAM presently being used can improve the success rate of 
transmitting a message from about 90% to 99.8%. In contrast, 
the NN anticipation module correctly anticipated only 87% of 
incoming messages. However, the NN is performing “pure” 
anticipation with no error correction. The generated message is 
an anticipation of the expected message based on the previous 
five messages, but doesn’t use the current, erroneous, message 
as part of its input. 

This paper describes and demonstrates an application of the 
LCI paradigm developed at UI. We present evidence that a 
natural language-based understanding of AUV communications 
can be applied in conjunction with the principals of fuzzy logic 
and probability to correctly anticipate incoming messages and 
correct errors when they appear. Due to the high occurrence of 
errors in acoustic communication, this increase in 
communicative capability is likely to correspond to increases in 
an AUV fleet’s ability to collaborate and operate 
autonomously. It is possible that to some degree, the apparently 
separate functions of language and logic are in fact inseparable 
at a fundamental level in both human and cooperative robotic 
systems. 

ACKNOWLEDGMENT 
The authors of this paper would like to acknowledge the 

gracious support of the Office of Naval Research, through 
“Magnetic Signature Assessment System using Multiple 
Autonomous Underwater Vehicles (AUVs) Phase 3”, ONR 
N00014-10-1-0883. 

 
References 

[
1]  

M. A. D. E. M. O. T. B. J. P. J. Canning, "A Low 
Bandwidth Acoustic Communication Strategy for Supporting 
Collaborative Behaviors in a Fleet of Autonomous Underwater 
Vehicles," U.S. Navy Journal of Underwater Acoustics, vol. 59, 
no. 3, pp. 285-299, 2009.  

[
2]  

G. B. J. C. D. O. R. W. M. O. M. A. a. D. E. T. Bean, 
"Language and Logic to Enable Collaborative Behavior among 
Multiple Autonomous Underwater Vehicles," International 
Journal of Intelligent Control and Systems, vol. 13, no. 1, pp. 
67-80, 2008.  

[
3]  

J. J. A. Van Berkum, C. M. Brown, P. Zwitserlood, V. 
Kooijman and P. Hagoort, "Anticipating upcoming words in 
discourse: Evidence from ERPs and reading times," Journal of 
Experimental Psychology: Learning, Memory, and Cognition, 
vol. 31, no. 3, pp. 443-467, 2005.  

[
4]  

K. A. DeLong, T. P. Urbach and M. Kutas, "Probabilistic 
word pre-activation during language comprehension inferred 
from electrical brain activity," Nature Neuroscience, vol. 8, no. 
8, pp. 1117-1121, August 2005.  

[
5]  

D. Bruce, "The Effect of LIsteners' Anticipations on the 
Intelligibility of Heard Speech," Language and Speech, vol. 1, 
no. 2, pp. 79-97, 1958.  

[
6]  

M. Otten and J. J. A. Van Berkum, "Discrouse-Based Word 
Anticipation During Language Processing: Prediction or 
Priming?," Discourse Processes, vol. 45, no. 6, pp. 464-496, 
2008.  

[
7]  

M. Otten, M. S. Nieuwland and J. J. A. van Berkum, "Great 
Expectations: Specific lexical anticipation influences the 
processing of spoken language," BMC Neurosciences, vol. 8, no. 
89, October 2007.  

[
8]  

B. Johnson, N. J. Hallin, H. Leidenfrost, M. O'Rourke and 
D. B. Edwards, "Collaborative mapping with autonomous 
underwater vehicles in low-bandwidth conditions," in OCEANS 
EUROPE 2009, Bremen, Germany, 2009.  

[
9]  

G. Biedler, T. Bean, D. Morrison, K. Merrill, M. O'Rourke 
and D. Edwards, "From Language to Code: Implementing 
AUVish," in Proceedings of UUST07, Lee, New Hampshire, 
August 19-22, 2007.  

[
10] 

A. Rajala, M. O'Rourke and D. B. Edwards, "AUVish: An 
Application-Based Language for Cooperating AUVs," in the 
proceedings of OCEANS '06, 2006.  

[
11] 

N. J. Hallin, B. Johnson, H. Egbo, M. O'Rourke and D. B. 
Edwards, "Using Language-Centered Intelligence to Optimize 
Mine-Like Object Inspections for a Fleet of Autonomous 
Underwater Vehicles," in UUST '09, 2009.  

[
12] 

H. T. J. H. M. O. D. E. Nicodemus Hallin, "Architecture and 
Applications of Language-Centered Intelligence for Unmanned 
Underwater Vehicles," in 2011 IEEE International Conference 
on Systems, Man, and Cybernetics, 2011.  

[
13] 

N. H. J. T. H. O. M. E. D. Hallin, "Message Anticipation 
Applied to Collaborating Unmanned Underwater Vehicles," in 
OCEANS 2011, 2011.  

[
14] 

M. Miller, "Some theoretical aspects of systemic learning," 
Sozialer Sinn: Systemic Learning, 2002.  

[
15] 

D. J. Stillwell, A. S. Gadre, A. Sylvester and C. J. Cannell, 
"Design elements of a small low-cost autonomous underwater 
vehicle for field experiments in multi-vehicle coordination," in 
IEEE/OES Autonomous Underwater Vehicles 2004, 2004.  

[
16] 

R. L. John Yen, Fuzzy Logic: Intelligence, Control, and 
Information, Upper Saddle River, New Jersey: Prentice Hall, 
1999.  

 

 


	Select a link below
	Return to main menu
	Return to previous view



<<
  /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 /Error
  /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




