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Abstract— Medium and Large Lithium-Ion battery systems 
constructed from fully autonomous battery modules and 
configured using distributed system architecture can provide 
unsurpassed capability for safety and reliability required in 
subsea applications.  These capabilities are described and 
multiple system examples are provided showing the flexibility of 
this unique battery system construct.  Photos of a recently 
fielded subsea battery system using autonomous battery 
modules in a distributed system architecture are provided. 
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I. INTRODUCTION 
 Medium and large Lithium-Ion Battery Systems used in 
difficult subsea environments are being challenged to deliver 
safety and reliability superior to older battery solutions 
without compromising Lithium-Ion’s unrivaled energy 
density.  Unfortunately the road to Lithium-Ion battery safety 
and reliability has been an especially difficult one filled with 
missteps that have been widely publicized.  Medium sized 
battery systems such as those on the Boeing 787 [1] and 
extremely large battery systems such as those on the Navy’s 
ASDS submarine [2] are examples of these widely publicized 
missteps.  Not so widely publicized are requirements for 
reliability that, if not met, can result in the loss of expensive 
vehicles or that can even endanger life.   

 This paper describes the safety and reliability features of a 
unique architecture Lithium-Ion battery system constructed of 
fully autonomous battery modules utilizing pressure tolerant 
Lithium-Polymer cells.  The autonomous modules have the 
flexibility to be configured into medium or large battery 
systems suitable for use in small to very large AUVs, hybrid 
ROVs, MUVs, and subsea platforms.  Each autonomous 
battery module contains advanced battery management system 
(BMS) safety and architectural construct reliability features 
that are a compendium of continuous improvements learned 
over the past 15 years.  

 The BMS safety features are divided into two categories:  
1) Industry common and 2) Advanced.  Some of the advanced 
features are covered by patents or pending patents that are 

owned by Southwest Electronic Energy Group (“SWE”).  
Each of the features is fully described including their purpose 
and benefits.   

 Multiple levels of problem mitigation to improve safety 
and reliability are described.  The list of safety features can be 
used as a shopping list for safety and reliability that 
conscientious developers of Lithium-Ion Battery Systems can 
use to understand what is, or is not, included in the 
capabilities of a BMS being considered for subsea use.  

 Battery system architecture is a subject that is almost 
never covered in battery system papers.  This is surprising 
since the architecture of a battery system is critical to the 
battery system’s ability to tolerate cell or module faults 
without loss of battery power and potential resultant loss of 
expensive underwater vehicles, a critical mission, or even life.  
A battery system’s architecture is also critical to the flexibility 
of constructing multiple vehicle batteries of different voltage 
and amp-hour capacity using identical battery modules.  An 
advanced ‘distributed’ battery system architecture 
interconnecting autonomous battery modules that is redundant 
in both BMS safety and in failure-tolerant reliability is 
described in this paper with examples.  This advanced 
architectural concept is extremely flexible allowing fast and 
easy construction of custom, safe, reliable, and robust battery 
systems using common, smart, autonomous, battery modules.  
The brain of the autonomous battery module is the Host BMS 
electronics that can be fully contained within each 
autonomous battery module.  The small size of a 10 cell Host 
BMS board is illustrated in Figure 1.  

 Recent photos of a fielded subsea Lithium-Ion battery 
system used to power a hybrid ROV built by Woods Hole 
Oceanographic Institute demonstrate how a distributed 
architecture battery system using autonomous modules is 
currently being used in a subsea environment.  Other 
examples of proposed battery system solutions of different 
voltage and power are also provided.  

  



 

 

II.     BEST BMS DESIGN PRACTICE - SAFETY & RELIABILITY 
 Batteries containing Li-Ion cells almost always require a 
BMS.  The BMS’s function is dual purpose - safety and 
reliability.  Safety involves prevention of a sudden release of 
battery’s energy to avoid harm to people or property.  BMS 
features’ reliability involves prevention of damage to battery 
cells to maximize battery life and allow the available energy 
to be utilized when needed.  Features have been added to 
BMS electronics as Li-Ion failure modes and their mitigation 
have become better understood over the past 15 years or so.  
Architectural reliability is discussed in section IV and 
involves redundancy.  Both BMS and Architectural Reliability 
can be as important as safety in applications where battery 
energy is needed to complete a critical life-or-death mission.   

A. Best BMS Design Practice Overview 
 The details for the best BMS design practice are arranged 
in a series of tables.  The tables list the features summarized 
in Table 1 providing the purpose of each feature, the feature 
benefits, and, typically, two levels of mitigation associated 
with the feature purpose.  The stronger mitigation level, if 
available from a BMS supplier, would be appropriate for an 
application requiring an increased level of safety and 
reliability.   

B. Best BMS Desigh Practice Details – Tables’ Overview 
 The tables contain features’ details sufficient for a general 
understanding of the benefits and mitigation levels.  The 
purposes listed in the best BMS design practice details tables 
are summaries that assume knowledge of how Lithium-Ion 
cells can fail.  A very good tutorial review of this knowledge 
can be found in [3] whose reading is highly recommended for 
those who desire a more in-depth understanding of the 
various BMS features’ purposes.  Engineering design details 
associated with features’ implementations are beyond the 
scope of this paper. 

 The Best BMS Design Practice Details are intended to 
provide a shopping list of desirable BMS features for either 
the battery system designer or the engineer who needs to 
specify battery system BMS requirements for a particular 
vehicle, application, or mission.  

 

C. Best BMS Design Practice Details – Tables  
• Table 2 provides details on the common and advanced 

features associated with charging and prevention of 
over charge stress. 

 

 

 

INDUSTRY COMMON FEATURES  ADVANCED FEATURES 

1. Cell Over Voltage/Over Charge 
detection/prevention  

Internal Charge Control/Pulse 
Charging  

2. Cell Under Voltage 
detection/prevention  

Copper dissolution shorts 
prevention 

3. Charge & discharge allowance only 
within a defined temperature 
window  

Battery Module environmental 
controls  

4. Short Circuit detection/prevention  Internal cell shorts detection 

5. High Current Pulse discharge 
allowance  

Redundant short circuit fuse 

6. Charge Mode only intra-module cell 
balancing & Balance error detection  

Continuous intra-module cell 
balancing  

7. Inter-module balancing & High 
speed module replacement 
balancing  

8. SMB bus communication port MODBUS/CAN bus 
communication port  

9. Relative Capacity Gas Gauge Coulomb Counting Gas Gauge 
w/auto calibration  

FEATURES BENEFITS/MITIGATION

1. Cell Over Voltage/Over 
Chargedetection/prevention  

(industry common) 
  Purpose:  Cell damage & thermal 

run away prevention.  

Detection allows BMS to 
communicate with charger to take 
collective action to reduce or stop 
charge current into cells.   
Stronger mitigation: BMS 
autonomously disconnects battery 
module from charge current.  

Internal Charge Control/Pulse 
Charging 
 (advanced) 
  Purpose:  Cell damage & thermal 

run away prevention 
and increased cell 
longevity.  

Battery Module, connected to a 
voltage limited/current limited 
charging source, autonomously 
connects and disconnects itself 
from charging source to charge 
battery module cells to no more 
than 100% State Of Charge 
(SOC).   
Stronger mitigation: is for SOC 
to be programmable below 
100% to reduce stress on module 
cells and increase module 
longevity.  

Figure 1.  Photo of Host BMS Assy 

Table 2.  Over Charge Stress Prevention. 

Table 1.  Best BMS Practice – Safety and Reliability Overview 



• Table 3 provides details on the common and advanced 
features associated with discharging, i.e., under voltage 
detection and copper dissolution shorts prevention 

 

 

• Table 4 provides details on the common and advanced 
features associated with temperature restrictions during 
charging & discharging and associated with controls on 
battery temperature environment. 

 

 

• Table 5 provides details on the common and advanced 
features associated with external short circuit detection 
and internal short shorts detection.   

NOTE:  Internal shorts detection is a current active 
field of research and development.  It is not available 
with most BMS’s – even otherwise advanced BMS’s.  
The advanced internal shorts detection methods used 
by SWE require data provided by the continuous intra-
module balancing feature that will be described later.   

 

 

• Table 6 provides details on the common and advanced 
features associated with high current pulse discharging 
and short circuit safety fuses. 

 

 

• Table 7 provides details on the common and advanced 
features associated with intra-module balancing.  Intra-
module balancing refers to balancing of series 
connected cells within a battery module. 

FEATURES BENEFITS/MITIGATION

2. Cell Under Voltage 
detection/prevention  
(industry common) 
  Purpose:  Cell damage 
prevention.  

Detection allows BMS to take 
action to disconnect cells from 
discharge into an external load.   
Stronger mitigation: BMS 
additionally goes into low power 
mode to decrease self discharge of 
battery module.  

Copper Dissolution shorts 
prevention 
 (advanced) 
  Purpose:  Prevention of Internal 

shorts due to Lithium 
dendrite formation 
after copper 
dissolution & Thermal 
runaway prevention.  

Detection of any cell reaching low 
copper dissolution voltage 
threshold for a defined period of 
time allows BMS to take collective 
action to permanently stop charge 
current into cell.  
Stronger mitigation:  Above 
detection results in BMS 
autonomously, permanently 
disconnecting Battery Module from 
charge current.  

FEATURES BENEFITS/MITIGATION

3. Charge & discharge allowance only 
within a defined temperature 
window  

(industry common) 
  Purpose:  Cell damage prevention.  
                 Internal shorts 

prevention. 
                 Thermal runaway 

prevention.  

Detection allows BMS to 
communicate with charger and 
take collective action to reduce 
or stop charge/discharge current 
into/out of cell.   
Stronger mitigation: BMS 
autonomously disconnects 
battery module from 
charger/load outside of a 
defined temperature window.  

Battery Module environmental 
controls 
 (advanced) 
  Purpose: Cell damage prevention.  
                Internal shorts prevention. 
                Thermal runaway              

prevention. 
                Thermal runaway chain 

reaction prevention.  

Various means to passively 
and/or actively remove heat 
from battery module cells 
and/or thermally isolate cells 
from one another.   
Stronger mitigation:  Means to 
heat battery cells when 
temperature is below a threshold 
that can allow Lithium dendrite 
formation during charging.  

FEATURES BENEFITS/MITIGATION

4.  Short Circuit 
detection/prevention 
 (industry common) 
  Purpose:  Cell damage 

prevention.  
                 Thermal runaway  
                 prevention.  

Detection of external short 
circuit allows BMS to take action 
to disconnect battery module(s) 
from the load.   
Stronger mitigation:  BMS 
autonomously disconnects 
battery module from the load.  

Internal shorts detection 
(advanced) 
  Purpose:  Thermal runaway  
                 prevention. 

Detection of internal cell shorts 
allows BMS to request 
maintenance action.   
Stronger mitigation:  BMS 
detects cell shorts, autonomously 
disconnects battery module from 
charger/load, and 
autonomously discharges 
energy from battery module.  

FEATURES BENEFITS/MITIGATION

5. High Current Pulse Discharge 
allowance 
 (industry common) 
  Purpose:  Prevent disruptive 

power interruptions.  

High currents and resulting 
Voltage depression for well 
defined short time periods are 
allowed to prevent disruptive 
power interruptions.   
Stronger mitigation:  Multiple 
current and pulse width levels 
can provide greater load 
variation flexibility.  

Redundant Short Circuit Fuse 
(advanced) 
  Purpose:  Thermal runaway        

prevention. 

A safety fuse between cells and 
battery module/system power 
path prevents uncontrolled high 
heat generation in cells should 
components fail or shorts occur 
for any reason external to the 
cells.   
Stronger mitigation:  Safety 
fuse in each autonomous battery 
module.  

Table 3.  Over Discharge Stress Prevention. 

Table 4.  Temperature Stress Prevention. 
Table 6.  High Current & Short Circuit Discharge Prevention. 

Table 5.  External & Internal Shorts Detection. 



NOTE: Advanced continuous intra-module balancing 
is a SWE unique capability covered by US patents. 

 
• Table 8 provides details on the common and advanced 

features associated with inter-module balancing and 
high speed module replacement balancing.   

 NOTE: Inter-module balancing of autonomous 
battery modules and high speed module replacement 
balancing are features unique to SWE that are covered 
by US and International Patents awarded or applied 
for. 

 

 

• Table 9 provides details on the common and advanced 
features associated with battery communication. 

 
• Table 10 provides details on the common and advanced 

features associated with battery and battery module gas 
gauging. 

NOTE: The Impedance tracking algorithm is patented 
by Texas Instruments, Inc. 
 

 

FEATURES BENEFITS/MITIGATION

6. Charge mode only intra-module 
cell balancing & balance error 
detection    

(industry common) 
  Purpose:  Prevent cell damage. 
                 Maximize available 

energy. 
                 Maximize cell & 

Module life. 
                 Prevent unequal cell 

stress.  

Discharge balancing (typical) of 
cells within a module is controlled 
by the BMS.   Balancing resistors 
are typically within each battery 
module.   
Stronger mitigation:  Intra-
module Cell Balancing control 
within autonomous modules 
increases balancing accuracy.  

Continuous intra-module cell 
balancing 
(advanced) 
 Purpose:  Prevent cell damage. 
                Maximize available 

energy. 
                 Maximize cell & 

Module life. 
                 Prevent unequal cell 

stress.  

Ability to balance cells within a 
battery module in any mode - 
charge, discharge, quiescence, or 
storage allows more balancing 
time, reduces balancing heat 
generation, and provides data 
input to an internal shorts 
detection algorithm. 
Stronger mitigation:  Intra-
module Cell Balancing control 
within autonomous modules 
increases balancing accuracy.  

FEATURES BENEFITS/MITIGATION

7. Inter-module balancing    
(advanced) 
  Purpose:  Maximize available 

energy. 
                 Prevent unequal cell 

stress.  

Occurring at end of charge, this 
equalizes State Of Charge 
among all series connected 
battery modules.   
Stronger mitigation:  Inter-module 
Cell Balancing control within 
autonomous modules increases 
balancing accuracy.  

High speed module replacement 
balancing 
 (advanced) 
  Purpose:  Maximize available 

energy. 
                 Prevent unequal cell 

stress.  
                 Minimize Time-To-

Repair associated with 
battery module 
replacement. 

Only available with autonomous 
modules.  Inter-module balancing 
occurs during charging after 
module replacement.  Effective 
differential inter-module 
balancing current is equal to fast 
charge current.  No heat 
generation.  Balancing time, even 
when modules are grossly out of 
balance, is equal to a normal fast 
charge cycle.  

FEATURES BENEFITS/MITIGATION

9. Relative Capacity Gas Gauge   
(industry common) 
  Purpose:  Provides Relative 

remaining Battery 
Capacity to host. 

Simple gas gauge uses cell 
Voltage to determine relative 
State Of Charge in %.  Accuracy 
is only approximate and is best an 
hour or so after minimum or no 
battery current.  Five element bar 
graph  display is common resulting 
in max +/-10% relative 
measurement accuracy.   

Coulomb Counting Gas Gauge 
w/auto calibration  
(advanced) 
  Purpose:  Provides Absolute 

remaining Battery 
Capacity to host. 

Complex gas gauge provides most 
useful measurement of Ah 
capacity.  Accuracy can be as 
good as +/-1%.  
Stronger mitigation:  Autonomous 
BMS in each battery module can 
provide more accurate worst case 
measurement.  Increased accuracy 
can be obtained using an 
algorithm to track cell impedance 
with temperature and age.  

FEATURES BENEFITS/MITIGATION

8. SMB bus communication port    
(industry common) 
  Purpose:  Provide battery            

status/control to 
charger. 

                 Provide battery            
status/control to host 
system. 

I2C communication hardware is 
best for short bus length.  Well 
defined SMB bus protocol.  
Fixed, single battery address.  
Provides a means for battery 
module to inform charger and 
host system of status.  Multiple 
battery modules require 
multiple bus ports.  

MODBUS/CAN bus communication 
port 
 (advanced) 
  Purpose:  Provide battery            

status/control to 
charger. 

                 Provide battery            
status/control to 
system. 

Robust RS-485 or CAN 
communication hardware 
provides kilometer bus length 
capability.  Flexible bus data 
definition directory supports 
custom battery designs.  
Multiple addresses on one port. 
Stronger mitigation:  
Autonomous BMS in each 
battery module allows 
individual modules 
status/control communication.  

Table 10.  Battery Gas Gauging. 

Table 7.  Intra-Module Cell Balancing. Table 9.  Battery System Communication. 

Table 8.  Inter-Module Balancing. 



III.     MODULAR LITHIUM-ION BATTERY SYSTEMS 
 Some medium size and almost all large size Lithium-Ion 
battery systems claim to be constructed using battery 
modules.  Modularity in a battery system design; however, is 
broadly interpreted by different battery system suppliers and 
its meaning has become fuzzy.  For this reason a definition of 
a modular Lithium-Ion battery system is provided as follows:   

 A modular Lithium-Ion battery system is a Lithium-Ion 
battery system where modules are configured in series to 
achieve voltage and in parallel to achieve amp-hour capacity.  
Each module is or has: 

 ● Battery Cells 

 ● Local Battery Management System (BMS) functions 

 ● Physically Identical 

 ● Identical Connections 

 ● Replaceable 

 ● Relatively Small 

 ● Reasonable Cost 

 ● Individually Transportation Safety Test Qualified 
  

 The key features provided by this definition can be 
addressed one at a time.  It is obvious that a battery module 
will have battery cells in it.  What is not obvious is that the 
cells within a battery module may contain series and parallel 
combinations of these cells.  When this is done, it is usually 
to increase the Amp-hour rating of the module by paralleling 
cells prior to series connecting them within the module.  
These paralleled cells are monitored as if they were a single 
large cell.  A good question to ask the module designer is 
whether there were any means employed to limit current of 
paralleled cells from discharging into an internally shorted 
cell.   

 By the definition, a Lithium-Ion battery module will 
contain some local (within the module) BMS functions.  
Which functions are contained within the battery module will 
be a differentiator among various battery system suppliers 
that provide modular Lithium-Ion battery systems.  As will 
be seen, the functionality and reliability of a modular 
Lithium-Ion battery system will be highly affected by which 
BMS functions are incorporated within each battery module. 

 The definition specifies that battery modules are 
physically identical, including connections.  It becomes 
obvious why this is a requirement when module replacement 
is considered. 

 This brings one to the key feature of the Lithium-Ion 
battery module which is:  it is replaceable.  It is much 
cheaper to replace a defective battery module than it is to 
replace the whole battery system (one of the main reasons for 
modular battery system design).  Similarly, transporting and 
storing spare modules requires much less logistical support 
than storing and transporting the whole battery system 
(another reason for modular battery system design).  Lastly, 
inventory costs for maintaining a modular battery system are 

significantly reduced when one needs to only keep a few 
battery modules in spares inventory rather than a whole 
battery system consisting of dozens or hundreds of equivalent 
battery modules.   

 Being relatively small and having a reasonable cost is 
desirable to keep replacement inventory costs down and, 
possibly, for improved safety.  However, there is usually a 
trade-off between module size & cost and system size & cost.  
For a very large battery system, construction using hundreds 
of very small, cheap battery modules could be more 
expensive than if one used an order of magnitude of fewer, 
larger and somewhat more expensive, modules. 

 The last feature of a Lithium-Ion battery module should 
not be overlooked.  If one expects to repair a battery system 
using replaceable battery modules this invariably means that 
the replacement battery module will need to be shipped 
separate from the battery system.  This means that the 
Lithium-Ion battery module must have individually passed all 
the UN Transportation Safety Tests (UN 38.3) or it cannot be 
legally shipped in many countries.  

 

IV.     MODULAR LITHIUM-ION BATTERY ARCHITECTURES 
 Almost never is there a discussion of modular Lithium-
Ion battery system architectures yet they can have a huge 
effect on battery system safety and reliability.  In this paper, 
two different battery system architectures will be described 
that incorporate battery modules:  a centralized architecture 
and a distributed architecture.   Architectural differences that 
can lead to differences in system functionality, safety, and 
reliability will be discussed. 

 

A.  The Centralized Modular Lithium-Ion Battery System 
Architecture 

 Since there is already much information about various 
centralized battery system structures & capability and very 
little information about distributed battery system structures 
& capability, this paper will provide only an overview of the 
centralized architecture so that it can be compared with the 
distributed architecture.  For a more detailed discussion of the 
centralized architecture see [4].  

 Figure 2 is a block diagram of an example centralized 
architecture modular Lithium-Ion battery system.  Figure 2 is 
not a description of any one centralized battery system in 
particular but contains typical or general characteristics that 
are provided for illustrative purposes. 

 What is shown in Figure 2 is a battery system that 
contains 8 strings of series connected 30 Volt, 30 Amp-hour 
battery modules.  The series connections of 8, 30 Volt 
modules are done to achieve a nominal battery system 
voltage of 240 Volts.  The parallel connections of 8, 240 
Volt, 30 Amp-hour strings of modules are done to achieve a 
total battery system of 240 Amp-hours and to achieve high 
output power capability.  The diodes shown separating the 
series strings of modules are there for reliability purposes to 



prevent failure of one string of modules from causing other 
strings of modules to fail or have their capacity reduced. 

 Observe in Figure 2 that, in this centralized architecture, 
only a portion of the BMS functionality (shown by the 
colored shapes) is contained within the battery module.  The 
rest of the BMS functionality is contained either in external 
string controllers or in the external central battery system 
controller.  The specific division of BMS functionality in the 
various external controllers is what differentiates one specific 
centralized battery system from another.  The common 
characteristic, however, is that there is at least one external 
controller and that critical BMS functions are obtained by 
communication of the battery modules to the external 
controller or controllers.   

 A very typical feature of the centralized architecture is 
that there is only one set of charge and discharge disconnect 
switches that are located within the external central battery 
system controller.  Sometimes there is only one disconnect 
switch that does not differentiate between charge current and 
discharge current.  It is common that the disconnect switches 
are high current normally closed contactors.  

 
 

 

B.  The Distributed Modular Lithium-Ion Battery System 
Architecture 

 Figure 3 is a block diagram of an example distributed 
battery system architecture used by SWE.  Each of the 
battery modules in the example are fully autonomous; 
meaning that no communication to, from, or among the 
modules is required for implementation of BMS safety or 
reliability functions.  For comparison purposes the Figure 3 
example is a battery system of the same voltage and Amp-
hour capacity as the Figure 2 example.  This is only one 
example of a specific distributed battery system.  Other 
battery systems could be constructed using identical battery 
modules with different sized cells or more or less number of 

series cells within each module and using more or less series 
connected modules within a string and more or less parallel 
connected strings of modules within the whole battery 
system.  The power of the distributed architecture using 
identical autonomous battery modules is the flexibility of 
how the modules can be interconnected to create an almost 
endless variety of unique battery systems. 

 As in Figure 2, Figure 3 is a battery system that contains 8 
strings of series connected 30 Volt, 30 Amp-hour battery 
modules.  The series connection of 8, 30 Volt modules is 
done to achieve a nominal battery system voltage of 240 
Volts.  The parallel connection of 8, 240 Volt, 30 Amp-hour 
strings of modules is done to achieve a total battery system of 
240 Amp-hours and to achieve high output power capability.   

 
 

 

 In the Distributed Architecture, Charge and Discharge 
disconnects are contained within each battery module.  This 
is a major difference between the centralized and distributed 
architecture.  Also in the distributed architecture, all of the 
BMS functionality (shown by the colored shapes) is 
contained within each battery module.  This even includes 
charge control which some centralized battery systems do not 
have but leave to an external intelligent charger.  Unlike the 
centralized battery system architecture, there is no need for 
internal module controllers along with one or more large 
BMS control boards in the battery system.  For the 
distributed Architecture, the sole intra-module BMS battery 
module controller is all that is required.  The BMS module 
controller, while having to be functionally robust, does not 
have to be large.  Figure 1 is a photo of a distributed system 
battery module controller that contains all the best design 
practice electronic BMS functions previously described 
within a very small circuit.  The circuit in Figure 1 has a 9 
Amp continuous current capability.  Small booster circuits 
(not shown) can be connected to this circuit to increase 

Figure 2.  Example Centralized Architecture Lithium-Ion 
Battery System 

Figure 3.  Example Distributed Architecture Lithium-Ion 
Battery System 



module current capability to more than 80 Amps 
continuously. 

 An additional set of BMS functions not normally found in 
the centralized battery system architecture is the module 
bypass function and module configuration control function 
illustrated by the yellow pentagon shape.  These will be 
described later. 

 There is still a need for external diodes to isolate series 
strings of modules from one another.  These diodes are best 
implemented using ideal diode circuits that generate minimal 
heat during charge and discharge of the battery system.   

 Observe in Figure 3 that each battery module 
communicates on a common communication bus (RS485, 
MODBUS in this instance).  This communication is not 
required for BMS functionality but is provided to allow 
visibility into battery modules’ status for use by the system 
being powered by the battery. 

 It can be seen from this simple example that the 
distributed architecture contains an inherently generous 
amount of redundancy of the BMS functions.  For instance, in 
the Figure 3 example, if there is a short on the output of one of 
the battery strings all 8 modules are monitoring the shorting 
current and all 8 modules have an opportunity to disconnect 
(open) their discharge switches (FETs) in response to the 
short.  Once any of the 8 modules disconnects its discharge 
switches in response to the short the whole series string is 
disconnected.  If there is a failure in any one of the 8 series 
connected modules to disconnect its discharge switches/FETs 
there are 7 redundant opportunities for one of the other series 
connected modules to do this.  Several other BMS functions 
are similarly redundant. 

 

C.  Distributed Modular Lithium-Ion Battery System 
Architecture Capabilities 

 Table 11 details some of the features and benefits possible 
with a distributed architecture Lithium-Ion battery system 
like that developed by SWE.  Several of these features are 
unique to the distributed architecture i.e., they are not 
available with centralized architecture Lithium-Ion battery 
systems. 

 Figure 4 is an example of a thorough but simple Operator 
Interface that can be constructed from real time monitored 
data from each battery module via an RS485 MODBUS 
computer interface.  This example is an illustration of how 
one can use module status data to display the following whole 
battery system status:  System Voltage; Capacity; Current; 
Temperature; and Faults (status light turns yellow or red when 
faults are present).  A more detailed display of individual 
module and even cell status can be provided as needed for 
maintenance purposes by clicking on the SHOW ALL box.  
Less detail (just the status light for instance) can be provided 
to simplify battery monitoring for inclusion in a complex 
operator’s panel.  Logging of all module status and faults can 
also automatically be performed for post mission analysis 
purposes. 

 All battery systems require periodic maintenance to 
maintain safety and reliability characteristics.  Table 12 
contains Maintenance Features and Benefits that can be 
obtained from an exemplary distributed architecture Lithium-
Ion battery system.  The maintenance capabilities provide a 
means for keeping the battery modules and, thus, the whole 
battery system at a constant state of readiness and safety.  

 

 

 

 
 

 

D.  Use Criticality Recommendations between Distributed 
and Centralized Architectures 

 Table 13 provides comparisons of which architecture has 
an advantage based on use criticality.  The division is fairly 
clear.  If the mission is critical or failure and fire can result in 

FEATURES BENEFITS

1.  Autonomous Battery Modules  Inherent  Safety & Reliability 
Redundancy  

2.  Internal Charge Control Increased Safety & 
Battery System Longevity  

3.  Continuous Cell Balancing Improved Safety & Longevity 

4.  Fine Inter-Module Balancing &  
5.  Module Replacement Balancing 

During Charge 

Improved System Capacity, 
Discharge Current Sharing, & 
Minimization of MTTR  

6.  Configurable Safety & 
Reliability Functions 

Cell Chemistry Agnostic & 
Mission Customization 

7.  Non-Critical Isolated 
Communication Port  

Improved Reliability & Safety 

8.  Real Time Monitoring from each 
Battery Module  

Mission Data Record and 
Operator Interface with System 
& Module Status  

Table 11.  Features Available with a Distributed Architecture 
Lithium-Ion Battery System 

Figure 4.  Operator Interface Example 



loss of life or high value property, the superiority in safety 
and reliability of the distributed architecture has the highest 
value.  This use criticality is typical of most subsea 
application. 

 For non-critical uses the less redundant centralized battery 
system architecture is generally less costly if the extra custom 
design effort can be amortized across a large number of 
identical centralized battery systems.  Also, high voltage 
requirements may favor the centralized architecture because 
high voltage disconnects are required only for the central 
disconnect contactor(s). 

 

 

 

 

V.     TYPICAL SUBSEA APPLICATIONS 
 This paper will conclude with two real world subsea 
application examples.  One is a hybrid Under Ice Arctic ROV 
proposed by Woods Hole Oceanographic Institute (“WHOI”) 
and the other is a hybrid High Definition 3D Cinematography 
ROV that was fielded in 2012 by WHOI. 

A.  Hybrid Under Ice Arctic ROV Proposal 

 Figure 5 is a sketch of the proposed WHOI hybrid Under 
Ice Arctic ROV overlaid both with WHOI’s requirements and 
with how those requirements can be met or exceeded using 
an SWE designed distributed modular Lithium-Ion battery 
system. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 Figure 6 is a sketch of the Battery system architecture that 
meets both the WHOI requirements and the SWE delivery 
specifications of Figure 5.  Notice the similarity of this system 
with the prior example in figure 3.  The difference is that 
Figure 3 uses 8S8P autonomous modules and Figure 6 uses 
3S9P autonomous modules.  The ease of constructing a 
custom battery system from common autonomous battery 
modules is obvious. 

B.  WHOI Hybrid High Definition 3D Cinematography ROV 
Battery System 

 In order to gain some experience with the autonomous 
battery modules expected to be used in the proposed hybrid 
Under Ice Arctic ROV, WHOI fielded a smaller hybrid High 
Definition 3D Cinematography ROV that utilized just 6 of 
the SWE autonomous battery modules in a 3S2P distributed 

FEATURES BENEFITS

1.  Identification of Weak 
Module – i.e. State Of 
Health (SOH)  

Allows Planned Module 
Replacement at a Convenient 
Time  

2.  Identification of Failing or 
Failed Module  

Allows Removal & Replacement of    
Potentially Dangerous Module(s)  

3.  No Hassle Module 
Replacement  

Fast, Error Free Module 
Replacement Without the Need 
for Extensive Maintenance 
Balancing Prep.  

4.  Ultra-Fast Module Balancing 
During Charge Using Module 
Bypass Circuits  

Balances Modules After Module     
Replacement 

Autonomous - No External  
    Communication Control is Req’d  
Little or No Heat 
    >50% Module Balance 

Correction in One Charge Cycle 
(100s Times Faster)  

USE CRITICALITY DIST. ARCHITECTURE CENT. ARCHITECTURE

Where Mission 
Completion is Critical  

Best due to inherent 
Redundancy & 

Reliability  

 

Where a Battery Fire 
Can Endanger Life  

Best due to inherent 
Safety Superiority & 

Redundancy  

 

Where Battery 
Failure Can Endanger 

Life  

Best due to inherent 
Redundancy & 

Reliability  

 

Where failure/fire 
will not Endanger Life  

 Best because less 
redundancy is less costly 

Where Battery 
Voltage Exceeds 

450V  

 Best as High voltage 
design is req’d for only 

one contactor.  

Where failure/fire 
=> high value 
property loss  

Best due to inherent 
Safety Superiority & 

Redundancy  

 

Table 12.  Maintenance Features of an Exemplary Lithium-Ion 
Battery System 

Table 13.  Use Criticality Comparisons of Distributed and 
Centralized Architectures 

WHOI Battery Requirements
 
 
●  Safe, Reliable Operation 
●  2000 m depth 
●  88 Volts 
●  100 recharge cycles 
●  -20°C to +50°C Range 
 
●  >15kWh in 36” x 24” x 12” 
 
●  12 hours recharge time 
●  Internal protection and 

balancing 
●  External Battery Data 

Logging 

SWE Autonomous Li-Ion Module 
Delivers 

 
●  Safe, Reliable, Autonomous BMS 
●  ≥ 6000 m depth battery modules 
●  3 Series, 29V/28Ah Modules = 87V 
●  1000+ recharge cycles 
●  -40°C to +85°C discharge Temp 

Range 
●  > 22kWh in ≤ 36” x 24” x 12”  
    using 3S9P modules @90% SOC 
●  < 12 hours recharge 
●  SWE SeaSafe BMS:  Internal 

protection and balancing 
●  SWE SeaSafe BMS:  Modbus access 

to battery status on demand, log 
external 

Figure 5.  Proposed Hybrid Under Ice Arctic ROV with 
Battery Requirements 



battery system configuration.  A photograph of the inside of 
the battery system WHOI constructed is shown in Figure 7.  
The battery system was housed in a pressure equalized plastic 
box filled with silicon oil.  

 Figure 8 is a photograph of WHOI’s hybrid High 
Definition 3D Cinematography ROV being readied for 
deployment in the ocean.  The distributed battery system is 
housed in the white box in the center of the photo.  WHOI 
pressure tested the modules used in this system to 6,000 psi 
and used the system at depths where the pressure was 
somewhat less than that.  The autonomous battery modules 
were prototypes constructed by SWE.  Subsequent to this field 
test, pre-production modules have been constructed by SWE 
that have been pressure validated to 10,000 psi.  These 
modules are rated for use down to 6,000 meters ocean depth. 
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Figure 6.  3S9P Autonomous Battery Modules 
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Figure 8.  WHOI Hybrid High Definition 3D 
Cinematography ROV 



<<
  /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


