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1. Overview

This chapter provides a general overview of the Wave Glider system. It is assumed that the reader has
reviewed the appropriate chapters in the Wave Glider User Manual, and is generally familiar with the Wave
Glider terminology. However this chapter is intended as a more extensive description of the system, with
an emphasis on information related to those doing payload configuration and systems integration on the
Wave Glider.

1.1 Wave Glider Documents

There are several documents for the Wave Glider in addition to this one, each with a different intended
audience and purpose. For the payload integrator/developer, the primary documents of interest are:

1.1.1 User Manual

The LRI User Manual provides overall information about the Wave Glider and the Shore-based
User Interface. It is intended primarily for persons provisioning a Wave Glider, planning missions,
and executing/monitoring mission operations.

The User Manual should be reviewed by all persons working with the Wave Glider, in order to get
an overall understanding of the Wave Glider and its operation.

1.1.2 Payload Electronics Guide

The LRI Payload Electronics Guide contains detailed specifications for the standard electrical
components used within payloads. It is intended for those people interfacing sensors and other
equipment to the payload electronics.

The Payload Electronics Guide provides more detailed electronics information than this document.

1.1.3 System Administration

The LRI System Administration manual is intended for those people who are installing and
configuring the Wave Glider Management System for different deployment scenarios.

Generally, the information in the System Administration manual will not be needed by a payload
designer/integrator, but it may prove useful in special cases.

Liquid Robatics Inc. Version 2.10
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1.2 Wave Glider Primary Components

The primary components of the Wave-Glider Vehicle are shown in Figure 1-1 below. They are:

1.2.1 Float

This is the component that rides on the
surface of the water. It contains the
batteries, control and communications
electronics, and optional user-supplied
payloads. Two solar panels on the top
maintain the battery charge. The upper
surface of the Float may also have
additional devices for sensing and
communications.

1.2.2 Umbilical

This is a high-strength streamlined
connector between the Float and the
Glider. The Umbilical provides electrical
power to the Glider and also contains
electrical wires for data communications
between the Float and Glider. The
Umbilical is longer than shown in the
illustration.

1.2.3 Glider

The Glider (also called the "Sub") is
always submerged well below the Float
during operation. It provides the
propulsion and steering for the Wave
Glider system. The Glider can also be
used as a platform to mount underwater
sensing equipment.

Figure 1-1: Wave Glider Main Components

The Wave Glider main components are described briefly below and in more detail in subsequent chapters.

Liquid Robatics Inc. Version 2.10
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1.3 Float Assembly

The main Float assembly components are shown in the figure, and generally described below.

Solar
Panels

Turtledeck
Forward Aft
Drybox\ Drybox
Foam

Spacer\

Forward
Payload Bay

Aft
Payload Bay

Umbilical
Attach

Figure 1-2: Float Components Exploded View

Aft Drybox: Optional watertight container for the aft payload.
Aft Payload Bay: Aft compartment. Shallower than the Forward Payload Bay.

C&C Drybox: The Command and Control Drybox contains the Vehicle electronics and the
batteries. See section 1.4 “Command & Control Drybox" for additional information.

Foam Spacer: Optional spacer. Size/shape will vary depending upon the size of the drybox.
Forward Drybox: Optional watertight container for the forward payload.

Forward Payload Bay: Forward compartment. Deeper than the Aft Payload Bay.

Hull: The single-piece composite main shell of the Float assembly.

Lift Eye: Attach point for lifting an assembled Wave Glider. The Lift Eye connects directly to the
Umbilical Attach.

Radome: (Also called the “Bubble”). Part of the C&C Drybox. Exposed above the Turtledeck.
Encloses the Vehicle lights (IR and/or visible), as well as the Iridium, GPS and XBee antennas.

Solar Panels: Photovoltaic (“PV”) cells used to charge the electronics batteries.
Tail Fin: Rear stabilizing fin. This is non-moving and non-adjustable.

Turtledeck: Non-watertight cover for the Center Drybox. It is made of composite and is radio
wave transparent.

Umbilical Attach: Gimballing fitting to which the Umbilical is connected.

Liquid Robatics Inc. Version 2.10
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The basic Hull has some additional features that should be noted:

External
Attach
Points

External
Attach Points

Antenna
Electrical Deck
Pass-Thru

Electrical pit

External Pass-Thru

Attach

Points External

Attach Points

Antenna

Deck core

Figure 1-3: Basic Hull External Features
Antenna Decks: Two adjacent platforms that can be used to mount auxiliary communication
antennas or external sensors.

Electrical Pass Thrus: Cutouts for routing electrical cables between the payload bays and the
central C&C Drybox, or to fore and aft external payloads.

External Attach Points: Threaded thru-holes that can be used to attach external payloads.

1.4 Command & Control Drybox

The C&C Drybox is a factory sealed module that mounts in the center bay of the Wave Glider. This Drybox
contains the computing and communications equipment. It also contains the batteries to store energy
from the solar panels. There are two versions of the C&C Drybox.

1.4.1 Original Drybox
The Original Drybox is shown in Figure 1-4. It has seven connectors on top, all on one side.

Electrical
Connectors

Figure 1-4: Original C&C Drybox

Liquid Robatics Inc. Version 2.10
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The main external components of the Original C&C Drybox are:

Antennas: GPS, Iridium and XBee antennas.

Electrical Connections: Seven watertight electrical connectors for the following:

1) Umbilical (Tether)
2) Aft solar panel

3) Forward solar panel
4) Payload 1

5) Payload 2

6)1/0 1
7)1/02

Lights: External lights, both visible and Infra-Red.

Valve Cover: Protective cover for the box pressurization valve.

1.4.2 Revised Drybox

The Revised Drybox is shown in Figure 1-5. It has ten connectors on top on both sides.

Electrical
Connectors

Figure 1-5: Revised C&C Drybox

Antennas

Power Key

Electrical
Connectors

The main external components of the revised C&C Drybox are:

Antennas: GPS, Iridium and XBee antennas.

Electrical Connections: Ten watertight electrical connectors for the following:

1) Tether (Umbilical) 6) Weather
2) Forward solar panel 7) Speed

3) Aft solar panel 8) Camera
4) Payload 1 9) Radar

5) Payload 2 10) Satcom

Power Key: Insertion key that turns the C&C On or Off.

Valve Cover: Protective cover for the box pressurization valve.

Liquid Robatics Inc.
Copyright® 2011
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1.5 Fore/Aft Payload Dryboxes

The Fore and Aft Dryboxes are used to store user-supplied payloads. The Dryboxes shown below are
representative of those available from Liquid Robotics Inc. Note that since the aft payload bay is both
longer and shallower than the forward bay, the two Dryboxes have different shapes.

The Payload Dryboxes are described in more detail in Chapter 2.

Pressurization Pressurization

Connector ket 8-Pin 8-Pin i
Blank Connector Connector

Connector
Blank

Housing Housing

Forward Payload Drybox Aft Payload Drybox

Figure 1-6: Payload Dryboxes

8-pin Connector: Watertight electrical connector. Used for power and communications.

Anode: Bolted-on sacrificial anode.

Connector Blank: Removable plastic panel for adding additional connectors. An optional lid with
two connector panels is available.

Lid: The top of the Drybox. Typically, the payload electronics are mounted to the underside. The
lid is retained with multiple bolts and sealed with an O-ring around the edges.

Pressurization Port: Valve (with cover) for pressurizing the drybox.

Housing: The lower part of the Drybox. Typically has no internal attachments.

Note that the Dryboxes are designed to be watertight only, and are not intended to withstand significant
water pressure.

Liquid Robatics Inc. Version 2.10
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1.6 Float-Glider Umbilical

The Umbilical (also referred to as the "Tether") is a flexible cable that connects the Float to the submerged
Glider. Since it is fairly long (approx. 7 meters), it is streamlined to reduce drag.

The Umbilical contains electrical wiring for power, rudder control
and payload communications. It also contains high-strength
reinforcement cables.

The attach fittings at each end have both mechanical and electrical
connections.

The mechanical connections at each end are different. The Float
attach is a quick connect and release, while the Glider attach is
intended to be more permanently connected.

C&C
Drybox
Likewise the electrical connections at each end are different. The Connector

Glider attach end has a long electrical cable to connect to the aft /

Rudder Module. The Float attach end has a shorter cable for
connecting to the C&C electronics.

Aft Edge: For streamlining, the Aft Edge tapers to a sharp
edge.

C&C Drybox Connector: The watertight electrical connector
that connects to the top of the C&C Drybox.

Float Attach Block: The quick-release mechanical connector to Forgfgg Aft
the Float. The electrical connection passes through this fitting. Edge
Forward Edge: For streamlining, the Forward edge is rounded.

Note that the forward edge is also slightly concave at each end. Rudder

Module

Glider Attach: The mechanical connection to the Glider. This Connector

is the upper part of the Glider gimballing system and requires
assembly.

Rudder Module Connector: The watertight electrical
connector from the Umbilical to the Rudder Module.

Note: To fit on the page, the figure does not show the
full length of the Umbilical.

Figure 1-7: Umbilical Descriptors

Liquid Robaotics Inc. Version 2.10
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1.7 Submerged Glider

The Glider (also called the "Sub") is the primary component of the Wave Glider. It is used to provide both
thrust and steering. However, it can also be used to carry sub-marine payloads.

Wings Umbilical Cable Umbilical Rudder
Cover Connector  Module

Handle / , Rudder
/ : Payload

Connector
Nose (optional)
Ballast
Lower

Payload Pay|oad Ballast
Area Attach Points

Figure 1-8: Glider (Sub) Basic Descriptors

Cable Cover: Protects and guides Umbilical-to-Rudder cable.
Grab Handle: Used for launch and retrieval.

Lower Ballast: Weight that may be removed or adjusted to compensate for added payload weight
and/or floatation.

Nose Ballast: Forward-located weight that can be changed to balance the Glider, in order to
compensate for off-CG mounting of payloads.

Payload Area: Area for locating submarine payloads. The holes on the bottom go completely
through, for mounting payloads on the bottom of the Glider.

Payload Attach Points: M5 threaded holes. Bolts here are used hold on the Lower Ballast.

Payload Connector: Optional watertight electrical connector for payload electrical and
communications. Connects within the Rudder Module to the Umbilical Connector.

Rudder: The component used to steer the Wave Glider.

Rudder Module: Factory sealed. Contains the servo motor and mechanism for the Rudder. Has
electrical connectors for the Umbilical and optional payload.

Spring Bar: A flexible connection from the Umbilical Attach to the Glider. Used to reduce the stress
on the Umbilical.

Umbilical Attach: Mechanical attachment point for the Umbilical.
Umbilical Connector: Watertight electrical connector from the Umbilical to the Rudder Module.

Wings: Six pairs of wings connected through the center. Each left-right pair of Wings rotates
independently to provide thrust.

Liquid Robatics Inc. Version 2.10
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When the Glider is carrying payloads, it may use streamlined fairings to cover the primary Payload Area.
An example is shown in the figure below. The actual shape of the cover can vary depending upon the
type, shape and volume of the payload.

Figure 1-9: Glider With Custom Payload Cover

See section 3.2 for additional design considerations for Glider payloads.

1.8 Electrical/Electronics

The basic control and communications electronics are in the C&C Drybox. Additional electronics may be
added as payload, generally interfacing with the C&C Drybox.

Wave Glider electrical and electronic systems are described in more detail in Chapter 4.

1.8.1 Original Drybox Connections

The top of the original C&C Drybox contains two male 5-pin connectors for the two Solar Panels.
The other five connectors are 8-pin female.

Umbilical Payload 1

Payload 2
I/01

I/0 2

Figure 1-10: Connections on Original C&C Drybox
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1.8.2 Revised Drybox Connections

The top of the revised C&C Drybox contains the two male 5-pin connectors for the two Solar
Panels. The other eight connectors are 8-pin female.

Tether
(Umbilical)

Solar 2
Payload 2

Speed
Weather

Solar 1

Payload 1
Camera

SatCom
Radar

Figure 1-11: Connections on Revised C&C Drybox

1.8.3 Rudder Module Connections

The Rudder Module has an 8-pin male connector on the, which is used for the Umbilical electrical
connection. In addition, there is an option for an 8-pin female connector for a Glider payload.

Umbilical

N\

Payload

N

Figure 1-12: Rudder Module Connectors

Note: In the above figure, the rudder box cover is removed to show the connectors.

Liquid Robatics Inc. Version 2.10
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1.8.4 Electrical Connectivity

The general connectivity of the Wave Glider electrical system is shown below. A complete
description is included in Chapter 4 "Electrical Specifications".

ridium  ©FS  xBee
Forward I I Aft
Solar Panel / Solar Panel
Command
(Aux) and (Aux)
Control
Float Float
Forward Payload Aft Payload
(Optional) (Optional)
Umbilical
Glider Payload
(Optional)
Rudder
Module

Figure 1-13: Basic Electrical System

As is shown in the figure, the C&C Drybox is the central point to which all the main electrical components
connect.

1.9 Communications and Control

On-board communications is managed by the computer in the C&C Drybox. Standard Wave Glider data
communications can take four forms:

1) Iridium satellite link between the C&C and a control station (“Console”).
2) An alternate satellite “Relay” link between the C&C and a Console.
3) RS-232 wire link from the C&C to the Fore and/or Aft payloads.

4) XBee radio link from the C&C to a nearby receiver.

Each of these is discussed briefly below. Refer to Chapter 5 "Vehicle Communications" for more detailed
information.

Also, a Payload can have its own separate communications link to an off-Vehicle location. This can utilize
additional antennas or other communications devices that are attached to the Vehicle.

Liquid Robaotics Inc. Version 2.10
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1.9.1 Iridium Satellite Link

The primary communications link for the Wave Glider is an Iridium satellite link to a control
workstation, which is typically on-shore but can also be shipboard. The Iridium link is typically
used through an Internet-hosted Graphical User Interface that hides the details of the commands
and responses.

Command packets are sent from the workstation to either control the Wave Glider's behavior, or
to request information from the Vehicle.

The Iridium link periodically sends out telemetry data packets. The time between telemetry
messages is user-variable. After the telemetry data is sent, any command data from Shore is
downloaded.

When the command data packet has been processed by the Wave Glider, the Vehicle responds
with an ACK (acknowledge) data packet containing the requested data. If the command also
requests some action by the ship (such as moving the rudder), that action is executed also.

If the command data packet sent to the Wave Glider is in some way incorrect, the Vehicle
responds with a NAK (not-acknowledged) data packet, that indicates the nature of the error.

Note that Iridium command data is processed only after Vehicle-initiated communications
(telemetry intervals or ACK/NAK responses), and not necessarily when the command is entered by
the User.

1.9.2 Relay Communications

Communications can also be accomplished via a “Relay” connection that bypasses the standard
Iridium system. Relay communications is similar to Iridium communications except that data is
sent directly to and from the Vehicle, through either an alternate Iridium system, or else some
other satellite or radio means.

1.9.3 Payload Communications

Each of the Float payloads can communicate by sending messages to the C&C using their
respective RS-232 links. Payload boards (and other electronic devices) can communicate with
each other using the same payload communications protocol.

Communications can be C&C-to-payload, payload-to-C&C or payload-to-payload. Payloads can
also send messages out through the Iridium link.

Payload messages are sent using data packets with formats different than the Iridium packets. As
with the Iridium packets, the recipient responds with an ACK or NAK.

1.9.4 XBee Radio Link

The XBee radio link is used for short-range (approx. 100 meters) communications to and from the
Vehicle. XBee is typically used for communications during Vehicle launch and retrieval.

The XBee link is convenient for shore-based payload development and system integration, since
commands are received and processed immediately.

XBee communications are done using interactive text-based commands and responses.

Liquid Robaotics Inc. Version 2.10
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1.9.5 Navigation

Navigation of the Vehicle is typically specified using "Waypoints", which are each defined by three
values:

1) The Waypoint number: A user-assigned integer value from 1 to 254. No two Waypoints can
have the same number.

2) A Latitude value, defined with a precision of arc-minutes / 10,000.
3) A Longitude value, also defined with a precision of arc-minutes / 10,000.
The basic "Navigation Modes" of a Vehicle are:
e Move to a Waypoint and maintain station there.
e Move from a start Waypoint through a sequence of Waypoints to an ending Waypoint.
e Continually move through a series of Waypoints, in a cyclic fashion.
e Maintain a constant heading.
e Hold a fixed rudder position

Waypoints and heading values are described in more detail in sections 6.4.2 and 6.4.3.

Liquid Robaotics Inc. Version 2.10
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2. Float Mechanical

2.1 Float Overview

In the drawings shown on the following pages, dimensions are shown as millimeters [inches].

2.1.1 Float Overall Dimensions
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Figure 2-1: Float Overall Dimensions
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Wave Glider™ Interface Control Description

2.1.2 Float Attachment Hardpoints

The payload attachment points on the upper deck of the Float are shown in the drawing below.
All attachment points are thru-hole M5 x % thread.
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Wave Glider™ Interface Control Description

2.2 Float Payload Bays

The Float Payload bays all have different dimensions, as shown on the following pages.

2.2.1 Float Center Bay
The Center Bay holds the C&C Drybox and also contains the Antenna deck.
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Figure 2-3: Float Center Bay Dimensions
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Wave Glider™ Interface Control Description

2.2.2 Float Forward Payload Bay

The Forward Payload Bay is shorter but deeper than the Aft Payload Bay. It also has a constant
fore-aft cross-section.
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Wave Glider™

Interface Control Description

2.2.3 Float Aft Payload Bay

The Aft Payload Bay is longer but shallower than the Forward Payload Bay. It also does not have a
constant cross-section, as shown below.
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Wave Glider™ Interface Control Description

2.3 C&C Drybox

For reference, the dimensions of the C&C Drybox are shown below. Refer to section 4.2 “Standard
Electrical Connections" for detail information on the connector pinouts.

The basic dimensions of the Original Drybox and the Revised Drybox are the same; they are basically
interchangeable in the Float. The primary external differences are on the top of the box.
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Interface Control Description

Wave Glider™

2.4 Payload Dryboxes

2.4.1 Forward Payload Drybox

The overall dimensions of the Forward Drybox are shown below. Note that the lids for both the

Forward and Aft Payload dryboxes are identical. Only the bottom casing is different.
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Interface Control Description

Wave Glider™

2.4.2 Aft Payload Drybox

The overall dimensions of the Aft Drybox are shown below. Note that the lids for both the Aft and

Forward Payload dryboxes are identical. Only the bottom casing is different.
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Wave Glider™

Interface Control Description

2.4.3 Drybox Lid Mounting

The fore and aft drybox lids are identical. The lid underside has several bosses for mounting
electronics and other equipment. There is also a removable panel for adding additional pass-thru

connectors.
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Wave Glider™ Interface Control Description

2.4.4 Aft Drybox Lid With Payload Interface

The drybox lid can be optionally equipped with a Payload Interface Board (“PIB”). Up to three
PIBs can be mounted on the underside of the lid. Refer to the Payload Electronics Guide for more
information on PIBs.

Payload Interface Board
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Figure 2-10: Drybox Lid With Interface Module

2.4.5 Aft Drybox Lid With Dual Connector Blanks

The lid can be optionally equipped with two Connector Blanks for pass-thrus. The exclusion areas
are shown below.

Exclusion Zone for
Connector Blanks
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Figure 2-11: Drybox Lid With Two Connector Blanks
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Wave Glider™ Interface Control Description

2.5 Float Considerations

2.5.1 Min/Max Weight

The maximum allowed weight of the Float depends upon the underwater weight of the Glider.
The table below shows the maximum allowed weight of the Float.

Glider Float
Configuration Maximum Weight
Glider at minimum weight 80 Kg (175 Ib)

Glider at maximum allowed weight 60 Kg (130 1b)

Table 2-1: Float Min/Max Weights

2.5.2 Center-of-Gravity Range
For maximum efficiency, the horizontal CG of the Float has to be within a narrow range.

The CG value can be verified by placing the Float (without the Umbilical+Sub) in calm water and
checking that the Turtledeck angle does not exceed the fore and aft ranges shown in the figures
below. Ideally, the float should be slightly nose-high.

Figure 2-12: Float Max Forward CG

Figure 2-13: Float Max Aft CG

Also, any payloads must be ballasted, if necessary, so that the Float is exactly level from
side-to-side, and does not list.
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Wave Glider™ Interface Control Description

2.5.3 Float Sail Area

There are limits to the amount of sail area mounted to the top of the Float. The presence of the
underwater Glider acts like a large keel to stabilize the Float, but tall masts with large or heavy

tops should be avoided. Also, payloads with large sail areas in either the front or back should be
avoided.

Figure 2-14: Possible Sail Area Problems

2.6 External Float Payloads

Payloads may be attached externally to the Float. However, consideration needs to be made for CG
location, sail area, and covering of the solar panels.

2.6.1 Deck mounting

Mounting payloads to the top of the Float deck is acceptable if the payload does not significantly
"shadow" the solar panels. The figure below shows a possible gunwale mounting and a possible
stern mounting of payloads. Note that the payload on the left will partially shield the rear solar
panel, reducing its output slightly at low sun angles.

Figure 2-15: Deck Mounting of Payloads
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2.6.2 Towing

Small payloads may be towed behind the Float, although the additional drag will slow the Vehicle.
An example is shown in the figure below.

Figure 2-16: Towing Behind Float

2.6.3 Float Attach Points and Limits

There are 18 threaded attachment points on the top of the Float. Some are used to attach lift
handles, but they can be used also for payload mounting. All attachments are M5 x % threaded
thru holes. The attachment points are shown in the figure below.

Side
Attach Points

Forward
Attach

Points Points

-

Fore Aft Side
Attach Points

Figure 2-17: Float Attachment Points

The attachment points use metal threaded inserts. The maximum allowed stress on each attach
points depends on its location, and is given in the Table below.

Position Max Tension Max Shear

Fore/Aft Attach 20 Kg (44 Ibs) 60 kg (132 Ibs)

Side Attach 15 Kg (33 Ibs) 50 Kg (120 Ibs)

Table 2-2: Attach Point Tension/Shear Limits
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Interface Control Description

Glider Mechanical

3.1 Glider Overview

In the drawings shown on the following pages, dimensions are shown as millimeters [inches].

3.1.1 Glider Dimensions
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3.1.2 Attachment Point Locations

The Glider payload attachment points and dimensions are shown in the drawing below.
All attachment points use M5 x % threads.
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3.2 Glider Payload Considerations

Since the Glider is always moving underwater, it is important to consider all drag, balance and floatation
issues when designing a payload.

3.2.1 Drag

To maximize the efficiency of the Wave Glider system, the drag of any payload added to the Glider
should be minimized both by reducing the frontal cross-sectional area, and by adding streamlined
fairings if necessary.

Contrary to what might be assumed, the water flow direction over the Glider is not exactly from
front to back. As shown in the two figures below, there is a substantial vertical component to the
flow, especially when the Glider is being lifted up in heavy swells.

Water Flow

Direction _:r01
\ /) e RN T ==

Figure 3-3: Glider Moving Up

Water Flow
Direction

Figure 3-4: Glider Moving Down

Thus, a seemingly "streamlined" payload, like that shown in Figure 3-5, would create a substantial nose-
down force (as well as drag) when the Glider is moving up.

Payload
(Bad Location)

Figure 3-5: Poor Payload Design/Location
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3.2.2 Glider Payload Bay
The open frame of the Glider is designed to hold an 800mm x 200mm x 20mm electronics
housing, as shown in the figure below. As is shown, the payload electrical connection is through
the Rudder Module. (The Rudder Cover is removed to show the connector detail.)

Nose
Ballast

Payload
Electrical
Connect

200mm x 800mm Payload Lower Ballast

Figure 3-6: Glider with Payload Box

Any payload within the frame of the Glider has to consider the wing clearance issue as described
in section 3.2.4 “Wing-Payload Interference".

3.2.3 Glider Ballast Weights
Ballast weights are attached to the nose and bottom of the Glider frame as shown in Figure 3-6
above. As payload is added, these weights may be removed or replaced with other weights to
adjust the balance and buoyancy of the Glider.
The lower ballast weight can be shifted fore and aft. However, this should be done only for
interim testing purposes, not for extended water operations.

3.2.4 Wing-Payload Interference
Note that since the Glider wings can rotate almost 90° to the vertical, any payload (or payload
cover) mounted within the main frame of the glider has to consider the clearance of the wings in
their fully rotated position. This is shown in the figure below. The clearance values are specified
in the drawing in section 3.1.2 “Attachment Point Locations".

rD1 V)

/ >

Wing-Payload
Interference Area

Figure 3-7: Wing-Payload Interference Area
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3.2.5 Balance and Floatation

Like the Float, a Glider with added payload needs to be balanced about the Umbilical pivot point.
Since the glider is submerged, the balance needs to be established underwater, to account for

both the floatation and weight of the payload.

The best way to compute the floatation/balance of the Glider is to support it by the Umbilical
attach point and check the deck angle while the Glider is submerged.

The Glider should be either level, or else slightly nose-down. The maximum nose-down angle is
shown in the figure below.

The Glider should never be ballasted nose-up.

Figure 3-8: Checking Glider Underwater Balance

The Glider+Payload floatation likewise needs to be checked while the Glider is underwater, to
account for both the weight and flotation of the payload. The minimum and maximum
submerged weights are given in the Table below:

Minimum Weight 40 Kg (88 Ibs)

Maximum Weight 60 Kg (130 Ibs)

Table 3-1: Min/Max Underwater Glider Weights
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3.2.6 Poor Sail Area Locations

Glider payloads with a large sail area can be a problem if the payload is mounted forward or aft of
the Glider, as shown in the figures below.

A large sail area in front of the Glider can destabilize and make it over-sensitive to rudder inputs.

¥y
= 3
4 O

Figure 3-9: Excessive Forward Payload Sail Area

Conversely, a large sail area aft of the Glider can over-stabilize and reduce the rudder
effectiveness.

ﬂﬁ : P 4 5

Figure 3-10: Excessive Aft Payload Sail Area

3.2.7 Acceptable Sail Area Locations

Generally, a reasonably-sized payload sail area located generally below the Umbilical attach point
should not materially affect stability, though there can be a significant increase in drag for
payloads mounted outside the frame.

Figure 3-11: Acceptable Payload Sail Area Locations
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3.2.8 Trailing Wires

Trailing wires behind the Glider is generally not recommended, as they can potentially foul the
Rudder. However, if such a wire is necessary, then the wire should be mounted near the center of
the Glider, and not trail off the back. In addition to fouling, rear trailing wires can have the same
over-stabilizing effect as a large rear sail area.
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Figure 3-12: Poor Trailing Wire Locations
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The best location for a trailing wire mounting is on a pylon directly below the Umbilical attach
point, as shown in the figure below.

P

Figure 3-13: Acceptable Trailing Wire Location

!
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Keep in mind that the Glider is continually moving up and down while moving forward. Any

trailing wire must be short enough and mounted such that it cannot foul the rudder, regardless of
the angle of the wire.
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4. Electrical Specifications

4.1 Electrical Overview

4.1.1 Electrical System Schematic

A detailed drawing of the Wave Glider electrical system is shown in the figure below. This shows
a fully-configured system with both Float and Glider Payloads. Not shown are the auxiliary
connections on both the original and revised C&C

Solar - - Solar
Panel V- V- Panel
[ SENSE SENSE ]

 «— C&C Drybox
PWR C&C PWR
Float =2 Electronics szDaz Float
Fwd Payload pos—sS—=H P~~~ Aft Payload
Drybox ——\_ Aux1 i) P amm— Drybox
T \___AUXZ ?(} A2 S
- -_..,:
! ]
! ]
d ]
: ]
: i<—-———Umbi|ica|
[}
SI\aE
Glider L1 g
Payload Rudder
Dr;’(box s control| [*——Rudder Moduie

Figure 4-1: Wave Glider Electrical Schematic

41.2 Solar Panels

Battery charging is via Solar Panels mounted on the Float. The Float can operate with a single
solar panel if electrical loads are kept to a minimum.

A two-wire sensing line is also connected to the solar panels. On the Original Drybox, the C&C
computer is turned on by shorting at least one set of lines (i.e., connecting one panel). On the
Revised Drybox, the sensing lines are used by the C&C to check whether a panel is connected.
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Out-of-water battery charging is possible through the solar panel connections. Refer to section
4.3 “External Charging" for more information.

4.1.3 Auxiliary Common Payload Connections

As shown in Figure 4-1, AUX 1 and AUX 2 are connected to both the Float and the (optional)
Glider payload, but not to the C&C electronics. These lines can be used for digital or analog
signaling between the payloads. However, the voltages on these lines are not connected to, or
otherwise sensed by, the C&C computer.

Communication speed on these lines will depend on the protocol used. It is recommended that
for RS-232, the speed be limited to 115,200 bps when communicating with a Glider payload.

4.1.4 Fore/Aft Float Payloads

The Fore and Aft payloads each have a 12V power (and ground) connection. For payload
communications, there is a two-wire RS-232 connection to the C&C. The RS-232 communications
should not be operated at speeds higher than 115,200 bps.

The payloads are also connected to the auxiliary 2-wire “bus” (ref. 4.1.3).

4.1.5 Glider Payload

The Glider payload has a 12V power and ground connection. There is no specific communication
channel for the Glider payload.

However, any Glider payload can connect to the 2-wire payload "bus" (ref. 4.1.3). Thus, any
communications with the Glider payload can be done via Aux 1 and Aux 2 to either of the Float
payloads. Note that the Glider payload cannot communicate directly with the C&C.

4.1.6 Payload Maximum Currents

Each of the Float payload (PAYLD 1 and PAYLD 2) connectors, as well as the Umbilical connector
provide a power source. However, the voltage value and maximum currents for each of the
connectors depends upon the version of the C&C used.

e For the Original Drybox, the output voltage is essentially the battery voltage, which can vary
from about 18.5 VDC (fully charged) down to about 11.5 VDC (discharged). The maximum
current for each payload is 1.25 Amps.

o For the Revised Drybox, the output voltage is regulated to 13.2 VDC. The allowed current for
each payload is 4.0 Amps.

o For all Glider payloads combined, the maximum current allowed is 1.0 Amp.

Attempting to exceed the current limits on any output will cause a shut-down of the voltage to
that output.

4.1.7 Maximum Total Current Output

The above limits apply to each payload separately. However, there is a maximum allowed total
current for all payloads combined. It is 5.0 Amps.
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4.2 Standard Electrical Connections

There are basically two types of watertight connectors used on the Wave Glider: 5-Pin and 8-Pin.
The tables below describe the connector type and pinouts for each location.

42.1 C&C Solar Panel Connections

The two SOLAR1 and SOLAR2 connectors on the top of the C&C Drybox are SubConn 5-pin Male
type. These connections can be used with an external charger to recharge the batteries. Refer to
section 4.3 “External Charging”.

Table 4-1: Solar Panel Connector Specifications

Pilin EL?nLcAtiF;n Description Notes SUlpEenm ISE AT
1 V+ Positive Solar Panel voltage 1
2 V- Negative Solar Panel voltage 5 ooo 2
3 | GND PWR Return for V+ and V- inputs
4 | Sense Continuity Sensor for Solar Panel [1][2] 4 o o 3
5 Sense Ref Reference for Continuity Sensor [1]1[2] Male Eace View

[1] On the Original C&C drybox, the Sense and Sense Ref are used to turn the C&C on or off.

[2] On the Revised C&C, the Sense and Sense Ref are used to verify that the solar panel is connected.
Thus, no solar panels are required to be connected for power to be turned on.

4.2.2 C&C Payload Connections

The two Float PAYLD1 and PAYLD2 connectors on the top of the C&C Drybox are SubConn 8-pin
female type, with the following connections:

Table 4-2: C&C Payload Connector Specifications

Pin | PAYLD
# | Function Description Notes SO MBI
1 GPS 4800 Baud GGA, ZDA, and VTG, [4] [5]
NMEA Data using RS-232 levels

Original C&C: 11.6 — 16.6 Volts
2 PWR Revised C&C: 13.2 Volts regulated [LI12]
3 TX RS-232 Transmit Line
4 Rx RS-232 Receive Line
5 AUX 1 Payload common #1 [3]

Female Face View

6 AUX 2 Payload common #2 [3]
7 GND Ground reference for all pins

GPS pulse-per-second,
8 GPS PPS using RS-232 levels [5]

[1] For Original C&C Drybox, the maximum allowed current is 1.0 Amps. See also section 4.4 “Power

Considerations”.

[2] Forthe Revised C&C Drybox, the maximum current is 4.0 Amps. See also section 4.4.
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13

[4

[5

] AUX 1 and AUX 2 connect also to pins 5 and 6 on the Glider rudder box payload connector
(ref. 4.2.4).

] GPS: 4800 baud GGA (position), ZDA (date/time) and VTG (velocity) messages.
These GPS signals are on the Revised C&C only.

] For the Original C&C, Pins 1 and 8 are No-Connects.

4.2.3 C&C Umbilical Connections

There is generally no need to interface directly with the Umbilical connection cable. However, for
possible electrical troubleshooting, it is described here.

The Umbilical (Tether) connector on the C&C Drybox is a SubConn 8-pin female type. The
connector on the Rudder Box is an 8-pin male. Both use the connections shown in Table 4-3

below.
Pin | UMBILICAL
# | Function Description Notes SO MBI
1 SHLD Shielding (grounded)
Original C&C: 11.6 — 16.6 Volts
2 PWR Revised C&C: 13.2 Volts regulated [ 2]
3 | A Rudder Control A
4 B Rudder Control B
5 AUX 1 Payload common #1 [3]
Female Face View
6 AUX 2 Payload common #2 [3]
7 GND Ground reference for all pins
8 Open Not Used
Table 4-3: C&C Umbilical Connector Specifications
[1] For Original C&C Drybox, the maximum allowed current is 1.0 Amps. See also section 4.4 “Power

[2
3

Considerations”.

] For the Revised C&C Drybox, the maximum current is 4.0 Amps. See also section 4.4.

] AUX 1 and AUX 2 connect also to pins 5 and 6 on the Glider rudder box payload connector
(ref. 4.2.4).
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4.2.4 Glider Payload Connection

The optional lower connector on the Glider’s Rudder Module is a SubConn 8-pin female type.
It has the connections:

Pilin Function Description Notes SlEERnm ISR
1 SHLD Shielding (grounded)
2 |PWR | e CaC: 132 Vol regumed | 11
3 (reserved) DO NOT USE [2]
4 (reserved) DO NOT USE [2]
5 AUX 1 Payload common #1 [3]
6 AUX 2 Payload common #2 [3] Female Face View
7 GND Ground reference for all pins
8 Open Not Used

Table 4-4: Glider Payload Connector Specifications

[1] The maximum allowed current is 1.0 Amps, (the same for both the Original and Revised C&C

dryboxes). See also section 4.4 “Power Considerations”.

[2] Pins 3 and 4 are reserved for use by the Wave Glider. These pins must not be connected to any
Glider payload.

[3] AUX 1 and AUX 2 connect also to pins 5 and 6 on both of the Float Payload connectors (ref. 4.2.2).

4.2.5 Revised C&C “WEATHER” Connections (Original “l/O 1”)

The 1/0 1 connector on the Original C&C and the WEATHER connector on the Revised C&C have
the same pinouts. Both use a SubConn 8-pin female type connector.

Pin | WEATHER
# | Function Description Notes SMBEmm A
1 N/C Not Used
5 PWR Orlgilnal C&C: 11.6 — 16.6 Volts
Revised C&C: 13.2 Volts regulated
3 RXD- RS-422 receive from station [1]
4 RXD+ RS-422 receive from station [1]
5 TXD- Not used [2]
Female Face View
6 TXD+ Not used [2]
7 GND Ground
8 N/C Not Used

Table 4-5: Revised C&C Weather Connector Specifications

[1] Only the receive portion of the RS-422 is used.

[2] The transmit RS-422 connections are available on the connector, but are not used.
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4.2.6 Revised C&C “SPEED” Connection (Original “l/O 2”)
The 1/0 2 connector on the Original C&C and the SPEED connector on the Revised C&C have the

same pinouts. Both use a SubConn 8-pin female type, with the connections:

Pin | SPEED

# | Function | Description Notes SHETN [HIEn e
1 GND Ground

N/C Not Used
3 PWR Orlgllnal C&C: 11.6 — 16.6 Volts

Revised C&C: 13.2 Volts regulated
4 Data Speed Data [1]
5 N/C Not Used
Female Face View

6 N/C Not Used
7 N/C Not Used
8 N/C Not Used

Table 4-6: Revised C&C Speed Connector Specifications

[1] Speed data is a variable-frequency square wave.

4.2.7 Revised C&C “SATCOM” Connections

The SATCOM connector on the Revised C&C Drybox is a SubConn 8-pin female type, with the
connections:

Table 4-7: Revised C&C Satcom Connector Specifications

[1] The maximum allowed current is 1.0 Amps.

Pil#n EuAr-lrccil(zl\r{I Description Notes SO MBI
1 N/C Not Used
2 PWR 13.2 Volts regulated [1]
3 (reserved) DO NOT USE [2]
4 (reserved) DO NOT USE [2]
5 Aux 1 Payload common #1 [3]
6 Aux 2 Payload common #2 [3] Female Face View
7 GND Ground reference for all pins
8 Open Not Used

[2] Pins 3 and 4 are reserved for use by the Wave Glider. These pins must not be connected.

[3] AUX 1 and AUX 2 connect also to pins 5 and 6 on the Float Payload connectors (ref. 4.2.2).
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4.2.8 Revised C&C “CAMERA” Connections

The CAMERA connector on the Revised C&C Drybox is a SubConn 8-pin female type, with the

connections:

CAMERA
Function

Description

Notes

SubConn MCBHRAS8F

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Table 4-8: Revised C&C Camera Connector Specifications

4.2.9 Revised C&C “RADAR” Connections
The RADAR connector on the Revised C&C Drybox is a SubConn 8-pin female type, with the

connections:

Female Face View

RADAR
Function

Description

Notes

SubConn MCBHRAS8F

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Table 4-9: Revised C&C Radar Connector Specifications

Female Face View
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4.3 External Charging

4.3.1 Charger Connections

An external charger can be connected to either or both of the C&C solar panel connectors. This
allows charging or “topping-off” of the batteries pre-mission, or when bench testing.

The maximum charging current for each connection will be internally limited to 2.5 Amps,
regardless of what the charger is capable of supplying. For faster charging, connect a charger to
each of the two solar panel connectors.

4.3.2 LRI-Supplied Charger

Liquid Robotics Inc. offers a pre-made external charger specifically designed for the Wave Glider.

=
- }EQ__

Figure 4-2: LRI-Supplied Charger

Contact Liquid Robotics for more information.

4.3.3 Custom-Made Charger

A custom Wave Glider battery charger can be made from a commercial power supply and a
SubConn connector.

The power supply voltage must be +9.0 VDC. Charging is done using a fixed voltage.
Do not use a constant-current source.

In order to minimize charging time, the charger should be capable of delivering at least 2 Amps. A
higher rating is recommended.

The connector required to mate with the solar panel connector is a MCBHRASF SubConn 5-pin
Female type, with the following connections:

Pin # | Function Description 1

1 V+ To P/S Positive (+9vVDC

e YA
2 | v- N/C OO
3 GND To P/S Negative 3 © @ 4
4 Sense c qT h

onnected Together
5 Sense Ref Fema_le
Face View

Table 4-10: External Charger Connections

With the Original C&C, the Wave Glider will power-up when the charger is connected.
With the Revised C&C, the power must be turned on (via the key) during charging.
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4.4 Power Considerations
The Wave Glider has some specific limitations on the power used by the payloads.

Since the Wave Glider derives all of its long-term operating power from the solar panels, the average
energy usage by the C&C Drybox plus payload(s) should not exceed the average energy input from the
solar panels. Allowance also has to be made for the possibility that, due to storms and cloud cover, the
solar energy may be considerably less than the “average” for several days at a time.

441 Maximum Current Limits

Table 4-11 below summarizes the maximum allowed currents for connections to both the Original
and the Revised C&C Drybox. If any of these limits is exceeded, the C&C will shut down power to
the offending component.

Original | Revised

Max Current Drybox | Drybox | Notes
Total to all External 50A 50A [1]
PAYLD 1 1.25A 40A 2]
PAYLD 2 1.25A 40A [2]
Glider Payloads (all) 10A 10A [3
WEATHER (I/O 1) TBD TBD

SPEED (/0 2) TBD TBD
SATCOM TBD n/a
CAMERA TBD n/a

RADAR TBD n/a

Table 4-11: Maximum Currents for C&C Connections

[1] For the Revised Drybox, the sum of the allowed payload currents exceeds the maximum
current draw. The maximum current draw must not be exceeded.

[2]If the payload current exceeds this limit, power will be shut down to the payload.

[3]If the Glider payload current exceeds this limit, power will be shut down to both the payload
and the rudder control.

4.4.2 Transient Power Surges

It is extremely important that start-up and other transient currents be taken into consideration, as
the C&C has very limited ability to absorb excess power when currents exceed the maximum
values. If a payload’s transient current value will exceed the limit, some kind of local energy
storage (batteries or super-caps) is required.

Refer to the LRI Payload Electronics Guide for more detailed information on the transient power
handling capabilities of the C&C electronics.
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4.4.3 Sustainable Payload Power

Figure 4-3 shows the computed power available to a Wave Glider at different Northern latitudes
and dates. The graph assumes that cloud cover reduces the solar flux by 25%. However, it does
not take into account the larger atmospheric absorption at far-North latitudes.

10.0 ¢

9.0 4
Vehicle Hotel Load: 1 watt

8.0 1

Latitude
7.0 4

— (°
— 10°
w— 20°
e 30°
w—40°
— 7,
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80°
90°

6.0 1

5.0 1

Power (W)

4.0
3.0
2.0

i

0.0 +— —aV A= + e —— N T——
JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC

Month

Figure 4-3: Solar Power vs. Time and Location

444 C&C Drybox Power Draw

The C&C Drybox runs off of the internal battery pack with a theoretical maximum capacity of 650
Wh. The amount of power draw from by the C&C box depends upon the electrical activity, as
shown in Table 4-12 below.

Average
Operation Power
Idle 700 mwW
Iridium On 700 mwW
XBee On 250 mwW
RS-232 to Float Payload 50 mW
RS-232 to Float Payload 50 mW

Table 4-12: C&C Drybox Current Draw
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4.4.5 Battery System Power
The Wave Glider fully-charged Lithium-lon battery pack has the following characteristics:

Battery Max Voltage 16.6 Volts

Maximum Continuous Current 20 Amps

Energy Capacity (fully charged)

[theoretical maximum] 665 Watt-hours

Table 4-13: Battery Pack Characteristics

The above numbers assume that all seven batteries are installed in the C&C Drybox. However,
note that the Maximum Continuous Current is not available on any external connections.

4.4.6 Battery Charge Level

The figure below shows how the battery voltage indicates the charge level. Note the
characteristic rapid drop-off near full discharge.

16V =
14\ =
@
[ =]
E —
=]
=>
12V =
1oV T T 1 T 1
100% B0% 60% 40% 20% 0%
Charge Level
Figure 4-4: Battery Charge Level vs. Voltage
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5. Vehicle Communications and Control

5.1 Communications

There are multiple methods of communicating with the Vehicle. The types and characteristics of this
communication are generally described below. Details are provided in subsequent chapters.

5.1.1 Communications Management

All primary communications to and from the Vehicle are managed by the Command and Control

(“C&C"”) electronics contained in the center Float drybox. Likewise, central control of the Vehicle
systems is handled exclusively by the C&C electronics.

Iridium GPS
¥ % /\/ XBee
Float RS-232 Command RS-232 Float
';0"";’3‘3 < 1 and Control |< > b Alﬂ 4
ayloa Drybox ayloa

4

>

RS-485
(Umbilical)

\

Rudder
Control

Figure 5-1: Wave Glider Command and Control
5.1.2 GPS

The GPS constellation location signals are essential to Vehicle operation. Most commands for
Wave Glider positioning are based on Latitude and Longitude values. Telemetry and other status
responses from the Vehicle contain the Lat/Long location based upon GPS data.

Figure 5-2: GPS Satellite Constellation

GPS fixes are typically obtained every 5 seconds. However, there can be short periods (usually
less than a minute) when no signal is received.
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5.1.3 Iridium-Internet Link

As shown in Figure 5-3, the Wave Glider is typically remotely linked to the shore-based control
interface through an Internet connection to the Iridium satellite system. This is the standard
means of operational control and monitoring of the Vehicle.

Internet

Figure 5-3: Shore/Ship Iridium Communications

The Iridium communications are via variable-length data packets sent in "short burst mode".

Communications can also be accomplished via a “Relay” connection that bypasses the Iridium
system. Relay communications is similar to Iridium communications except that data is sent
directly to the Vehicle, rather than through the Iridium constellation.

Refer to section 5.5 “WGMS Components” for more detailed information.

5.1.4 Mobile-to-Mobile Link

Mobile-to-Mobile communications provides an alternative to the Web-based Iridium link. In this
case, the controlling computer is directly linked to an Iridium modem, as shown in Figure 5-4.

Figure 5-4: Mobile-to-Mobile Communications

The Mobile-to-Mobile link allows sophisticated control of one or more Vehicles from a ship or
other remote site. The direct link also provides a more secure method of communications.

Refer to section 5.6.2 “Mobile-to-Mobile Deployment” for more detailed information.
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5.1.5 XBee Radio Link

The Wave Glider has an XBee short-range radio. Though intended primarily for communications
between a ship and the Vehicle, it can be a convenient link for on-shore development and testing
of Wave Glider systems.

Figure 5-5: On-Shore XBee Communications

The XBee communications is through a computer screen text-based system. The user can select
from a menu of options, and the computer prompts for additional data if necessary. Responses
from the Vehicle are displayed on-screen in text format.

Refer to section 5.6.4 “Payload Development and Testing Using XBee” for more detailed
information.

5.1.6 Payload Communications

There is an optional RS-232 communications link between each payload and the C&C Drybox
computer. This link can be used for indirectly sending or receiving data using the Iridium system.

C&C

Aft
Egrﬁ/:;g Drybox Payload
Drybox Drybox
+—— Umbilical
Glider :
Payload ™.

Figure 5-6: Payload Communications Connections

In addition, there is a two-wire uncommitted "Payload Bus" that connects to each payload, but
does not connect to the C&C computer. This can be used to transfer data between payloads using
whatever 2-wire method is preferred by the payload integrator.

A Glider-mounted payload can be connected through the Umbilical to the 2-wire Payload Bus, but
cannot communicate directly with the C&C computer. Any Glider payload datacomm to the C&C
computer has to be routed via one of the Float payload's RS-232 links.

Refer to section 6.2 “Payload Communications” for more detailed information.
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5.2 C&C Functions

As the central point of Vehicle communications, the C&C computer has several functions, described
below.

5.2.1 Telemetry and Polling

Via the Iridium (or a Relay), the C&C automatically sends telemetry data at regular intervals.
Telemetry data indicates primarily the position, but also the general status of the Vehicle and if
there are any alarms. There are different telemetry data types, and each type can be sent out on
a different schedule.

In addition, the C&C sends periodic polling messages to the payloads. These messages may
convey information to the payloads, but also give the opportunity for the payloads to send
messages to the C&C.

An important point to understand is that all outside communications with the C&C are initiated on
the C&C, and depend upon its telemetry and polling.

5.2.2 Command Processing

The C&C receives commands for controlling the Vehicle operation, or for reporting the status of
Vehicle systems.

Wave Glider commands typically used for development and testing are:
e Make some change to the Vehicle (e.g., move rudder, turn a light on).
e Set system parameters (e.g., telemetry rates).

e Request Vehicle systems status (e.g., battery level).
o Communicate with a payload.

Additional commands generally used during on-water operations are:

e Define a course (e.g., set/delete course Waypoints).
e Follow a course (e.g., hold position, follow a set of Waypoints).

The Vehicle response to commands depends upon the communications method, as described
below.

5.2.3 Payload Message Handling

The C&C may receive a message from a payload. The C&C action will depend upon where the
message is addressed to.

o |f addressed to the C&C payload message handler, the C&C will take an appropriate action.

If addressed to the C&C command processor, the C&C will process the command.

If addressed to another payload, the C&C will route the message to that payload.

If addressed to the Iridium system, the C&C will send it out in Iridium format.

If addressed to the XBee system, it will be routed to XBee.

5.2.4 Command/Message Responses

When an Iridium command or payload message is received by the C&C, it will respond in basically
two different ways:
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e Acknowledge (ACK) responses let the requesting system know that the command/message was
received. The ACK response may also contain requested status information.

o Not-Acknowledge (NAK) responses indicate that the data was received but is in error, and
could not be processed. The NAK response also indicates the general nature of the error.

XBee menu commands do not respond with an ACK/NAK. However, status commands will result
in a response, and error messages will be returned if there is a problem.

5.3 Data Types

There are essentially three types of communication data types: Telemetry, Commands and
Responses.

5.3.1 Telemetry

The Vehicle automatically sends telemetry data packets at regular intervals. Telemetry Data
indicates primarily the position, but also the general status of the Vehicle and if there are any
alarms. There are different telemetry data types, and each type may be sent out on a different
schedule.

5.3.2 Commands and Messages

When the shore-based system receives an Iridium packet (usually telemetry), it can then send a
command to the Vehicle. Likewise, if a payload on the Vehicle receives a message, it can send a
command to the C&C. The C&C then processes the command if possible.
Commands generally fall into the following categories:

e Make some change to the Vehicle (e.g., move rudder, turn a light on).

o Define a course (e.g., set course Waypoints).

Follow a course (e.g., hold position, follow a set of Waypoints).

Set system parameters (e.g., telemetry rates).

Request Vehicle systems status (e.g., battery level).
e Route a message to a payload or the Iridium.

5.3.3 Responses
When a command or payload message is sent to the Vehicle, the C&C will respond in basically two
different ways:

e Acknowledge (ACK) responses let the requesting system know that the command was received.
Depending upon the type of command/message, the ACK response may also contain requested
status information.

e Not-Acknowledge (NAK) responses indicate that the data was received but is in error, and
could not be processed. The NAK response also indicates the general nature of the error.

When an XBee command is sent to the Vehicle, there will either be a text response, or there will
be no response at all, depending upon the command type.
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5.3.4 Communication Packets

All communications to and from the Vehicle are done with "packets" of information containing a
fairly small (approx. 200 to 500) number of bytes. Note that Iridium and Relay packets themselves
contain packets that contain the message data and an error check.

Communications to and within the payloads are also done with data packets, though the message
types and formats are different than for Iridium/Relay.

-
Iridium/Relay ~
Header Payload
. T Header
Comm Header
Level 3
Packet >_F‘a',flna|:|
Level 2 M Packat
Packel < Level 1 Message Message Dg%
Data Data
\_ \ Error Check Error Check y.

Figure 5-7: Data Packet Formats

As shown in the figure, the Iridium and Relay packets have a similar format. However, the header
data — though similar —is not identical. The Iridium and Relay data packets are described in more
detail in Chapter 6.

The Message in a payload packet supports many different types of data, including data that can
be put into an Iridium/Relay packet. Payload message data is described in detail in Chapter 10.

As indicated above, packet communications all carry two CRC-16 bytes that can be checked by the
receiving party. All Iridium communications to the Shore will have the error code checked.
Payload message packets may or may not be checked, at the option of the message recipient.

5.3.5 Addresses

Addresses are values used to route messages between the C&C, payloads and other devices (e.g.,
sensors). Addresses are composed of a two-byte value. The MSB is the “Board ID” value which is
usually put in Non-Volatile Memory on the board. The LSB is the “Task ID” which is usually
assigned by the firmware on each board.

Addresses are described in more detail in section 10.4.

5.3.6 XBee

XBee communications use character-string commands and responses, rather than data packets.
There is no error checking.

Commands sent via XBee to the Vehicle are interpreted by the C&C computer, which performs
any requested action, then sends the appropriate response back to the XBee message originator.
Software on the User's computer displays the responses as o