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Design aspects of an AUV

Hullform Design

Nose-cone & tail-cone
design

Shapes, sizes & placement
of appendages

Actuator Design

Actuation style; e.g. control

surfaces, thrusters, fins, etc.

Sizes & placement of
actuators

Electronics Design

e Sensor selection

e Processing board selection;
e.g. PC104, BeagleBoard,
Raspberry Pi, etc.

e Designing I/O boards (if
required)

e Electronics/power breakout
board design

e Designing actuator driving &
power management
electronics

Integration design
e Internal component general
arrangement (GA) design
e \Watertight bottle design

e Bulkhead connector
arrangement

e Hydrostatic ballasting
method

e Structural design with room
for extendability

Software Design

Selecting a middleware

Sensor & actuator driver
design

Navigation software design
Autonomy software design

Low-level control software
design

Mission & safety
management software
design

Communication software
design
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Hardware
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Virtual Environment Hardware Embedded software

Sensor simulator(s)

roll, pitch, hdg roll, pitch, hdg
depth depth, GPS

Environment simulator(s)

rudder, elev, ] i : i
Actuator © Propellercmd |y ow-level : SPe€d ' . speed, heading

— i 1 44— Navigation —— > Autonomy
Vehicle simulator £onte

desired hdg, speed, depth




Sensor simulator(s)
Environment simulator(s)

Vehicle simulator

MITFrontseat

raw sensor data

HydroMAN
(navigation)

Backseat
autonomy

(MOOS-IvP
based or
otherwise)




HydroMAN MOOS community

Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU} (navigation engine)

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
BeagleBoard single hoard computer (iBlueRoboticsDepth) (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

on management

i seatMissionManager) :
External IMU -
if available 4 Higher-level decisions HydroMAN modules

uonnjos
uonebiren

Passive helm MOOS-IvP helm Gateway to payload
(pHelmPassive) (pHelmIvP) (iBackseatServer)

Battery manager driver
pBBBIlue] Desired heading. [speed & depth

Servo driver
iServo PID gain updates level controller
Mai T (pControlEngine)
ain motor driver
| (iProp) il Greaies Interface to MITFrontseat

LED indicator driver : 5
Mapping control correctives

(EEDS) to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands

Backseat autonomy




Hardware based on BeagleBoard

Depth sensor driver
(iBlueRoboticsDepth)

BeagleBoard single board computer

External IMU

if available]

GPS/GSM
module

Battery manager driver
pBBBIlue]

Servo driver
iServo
Main motor driver
— (iProp)

LED indicator driver
(iLEDs)

MiTFrontseat MOOS community (running in BeagleBoard's CPU}

HydroMAN MOOS community
(navigation engine)

Gateway to HydroMAN 2.0
(iHydroMAN_Gateway)

Raw sensor output Interface to HydroMAN 2.0
(iHydroMAN_MITFrontseat)

on management

seatMissionManager) |5
Higher-level decisions. HydroMAN modules

Passive helm MOOS-IvP helm Gateway to payload
(pHelmPassive) (pHelmIvP) (iBackseatServer)

uonnjos
uonebiren

Desired heading. [speed & depth
Backseat autonomy

PID gain updates Low-level controller

(pControlEngine)
Control correctives Interface to MITFrontseat

Mapping control correctives
to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands



Hardware based on BeagleBoard

BeagleBoard single board computer

MiTFrontseat MOOS community (running in BeagleBoard's CPU}

. Depth sensor T .

(iBlueRoboticsDepth)

BBBlue IMU driver
(pBBBlue)

I Battery manager driver .

External IMU driver
I (iXsensMTi) l
S/IGSM driver
iAdafruitFona; P
. pBBBlue .
|| Servo driver
el

Main motor driver
| (iProp)

LED indicator driver
(iLEDs)

Raw sensor output Interface to HydroMAN 2.0
(iHydroMAN_MITFrontseat)

on management
seatMissionManager)

Higher-level decisions

uonnjos
uonebiren

Gateway to payload
(iBackseatServer)

Passive helm MOOS-IvP helm
(pHelmPassive) (pHelmivP)

Desired heading. [speed & depth

PID gain updates Low-level controller
(pControlEngine)

Contral correctives

Mapping control correctives
to actuators
(pActuatorMap_morpheus)

Actuator commands

HydroMAN MOOS community
(navigation engine)

Gateway to HydroMAN 2.0
(iHydroMAN_Gateway)

HydroMAN modules

Backseat autonomy

Interface to MITFrontseat

Modules of the backseat




Architecture of MITFrontseat (navigation)

e Navigation sensors: Depth, IMU, GPS, GSM, battery/current management, embedded IMU (for BBBIlue), barometer
e Hardware interfaces: 12C, UART, ADC, PWM, GPIO

e Sensor drivers: Communicates with sensors and publishes raw sensor data to the MOOSDB

e HydroMAN interface: Passes raw sensor data to the HydroMAN, and receives the final navigation solution in return.

e HydroMAN: A self-learning vehicle flight dynamic model aided navigation system

HydroMAN MOOS community
(navigation engine)

Hardware based on BeagleBoard : MITFre MOOS cc ity (r ing in

gleBoard's CPU)

(pActuatorMap_morpheus) Modules of the backseat

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 |pJA——— Gateway to HydroMAN 2.0
| 5. 4
‘ — | BeagleBoard single board computer | (iBlueRaoboticsDepth) (iHydroMAN_MITFrontseat) | [N (iHydroMAN_Gateway)
epth sensor i -
e BBBlue IMUdriver | | Mission management 8 g
= e i L (pBBBlug) | —| (pFrontseatMissionManager) =8
External IMU | T > 12C = g5
(if available) | ports EX“?T)T(‘E\' W'; f;lver [ | Higher-level decisions = HydroMAN modules
: | iXsensMTi
GPS/GSM | - > A VL ¢ ¢ lv
module [~ p > UART ports [ | | GPS/IGSM driver —— )
: (iAdafruitFona) [PEE— Passive he!m MOOS-IvP helm Gf:\leway to payload
Battery/current | ! - (pHelmPassive) (pHelmIvP) (iBackseatServer)
management | : > ADC ports | Battery manager driver
T — {pBBBIue) | Desired heading. |speed & depth I
Main motor | ] PwMports [ | [ Servo driver » Backseatationomy,
i) —I j | (iServo) ™ PID gain updates Low-level controller
T (e ControlEngine)
St ! - . T T (P
@ < : Magmoojcieril, | ' Interface to MITFrontseat
i : : {  (Prop) | lCDn(rol correctives
! m(‘dLIEaDg; diver  E— Mapping control correctives
‘ . L to actuators
LED indicators <—— !
i | ! EnbeddediIvi ‘ ‘ wifi module ‘

& harometer

Actuator commands |




Conventional INS-aided navigation

Surface sensors Underwater Underwater
velocity aiding position aiding

Acoustic track
(LBL/USBL)

FOG INS Terrain-aided

E.g. IxBlue PHINS C3, C5, C7,
Kearfott T16, T24, etc.

=




HydroMAN Navigation System

A self-learning navigation fusion engine
FOG INS

E.g. IxBlue PHINS C3, G5, C7, Underwater Underwater

Kearfott T16, T24, etc. velocity aiding position aiding

Fusion engine

Acoustic track
(LBL/USBL)

HydroMAN 2.0

Self-learning vehicle dynamic model
Sensor pre-processors

Fusion engine




Sandshark model-aided navigation
at MIT sailing pavilion (2018)

Pre-ICEX20 engineering test .
at Mass Bay (2019)

7 Ak A
ICEX20 under-ice navigation
at Beaufort Sea, Arctic (2020)

variant of MK-3 T
at MIT sailing pavilion (2020)

Morpheus AUV
at MIT sailing pavilion (2021)  at MIT sailing pavilion (2021)

HydroMAN Navigation System

Advantages over conventional INS-aided navigation

Improved model-aided navigation for low-cost AUVs with no INS and/or DVL
Able to maintain navigation accuracy when DVL bottom track is unavailable
Able to switch off navigation sensors to save power

Able to effectively use time-lagged acoustic navigation updates

Able to limit the vehicle to an IMU

=

'GP-denled navigation%

Irpage credit: darpa.mil/program/manta-ray

(on-going) (on-going) (on-going)



HydroMAN 2.0

Generalizing HydroMAN as an independent navigation engine

e The client system provides raw sensor data, and HydroMAN returns

the fused navigation solution Hardware (any combination of these)
e Astandard interface for communication between the two systems (i.e. GPS DVL Terrain-aided Debth
a protobuf scheme, encoded with b64, over a TCP connection) 5 2
e HydroMAN is independent of the client system’s architecture and Acoustic track
middleware E IMU CVL (LBL/USBL) |

e HydroMAN could run in a separate computer if required

Client-A system

HydroMAN 2.0

Navigation engine

Sensor drivers

A standard interface
based on a Google
Protocol Buffer
(protobuf) scheme,
encoded with b64 over a
TCP connection

Track engine

MOOS-IvP Helm

)

Fault detection

iHydroMAN_gateway
iHydroMAN_client-A

Autonomy aiding




Architecture of MITFrontseat (navigation)

e Navigation sensors: Depth, IMU, GPS, GSM, battery/current management, embedded IMU (for BBBIlue), barometer
e Hardware interfaces: 12C, UART, ADC, PWM, GPIO

e Sensor drivers: Communicates with sensors and publishes raw sensor data to the MOOSDB

e HydroMAN interface: Passes raw sensor data to the HydroMAN, and receives the final navigation solution in return.

e HydroMAN: A self-learning vehicle flight dynamic model aided navigation system

HydroMAN MOOS community
(navigation engine)

Hardware based on BeagleBoard : MITFre MOOS cc ity (r ing in

gleBoard's CPU)

(pActuatorMap_morpheus) Modules of the backseat

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 |pJA——— Gateway to HydroMAN 2.0
| 5. 4
‘ — | BeagleBoard single board computer | (iBlueRaoboticsDepth) (iHydroMAN_MITFrontseat) | [N (iHydroMAN_Gateway)
epth sensor i -
e BBBlue IMUdriver | | Mission management 8 g
= e i L (pBBBlug) | —| (pFrontseatMissionManager) =8
External IMU | T > 12C = g5
(if available) | ports EX“?T)T(‘E\' W'; f;lver [ | Higher-level decisions = HydroMAN modules
: | iXsensMTi
GPS/GSM | - > A VL ¢ ¢ lv
module [~ p > UART ports [ | | GPS/IGSM driver —— )
: (iAdafruitFona) [PEE— Passive he!m MOOS-IvP helm Gf:\leway to payload
Battery/current | ! - (pHelmPassive) (pHelmIvP) (iBackseatServer)
management | : > ADC ports | Battery manager driver
T — {pBBBIue) | Desired heading. |speed & depth I
Main motor | ] PwMports [ | [ Servo driver » Backseatationomy,
i) —I j | (iServo) ™ PID gain updates Low-level controller
T (e ControlEngine)
St ! - . T T (P
@ < : Magmoojcieril, | ' Interface to MITFrontseat
i : : {  (Prop) | lCDn(rol correctives
! m(‘dLIEaDg; diver  E— Mapping control correctives
‘ . L to actuators
LED indicators <—— !
i | ! EnbeddediIvi ‘ ‘ wifi module ‘

& harometer

Actuator commands |




Hardware based on BeagleBoard MITFrontseat MOOS community (running in BeagleBoard's CPU) Hy d“;"::,?; :”tzgse:;‘f"":)’“""y
Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0

Depth sensor driver
(iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

(iBlueRoboticsDepth)

Mission management

External IMU ‘ .
if available 1 ! HydroMAN modules
: I
GPS GSM :
e : Passive helm MOOS-IvP helm Gateway to payload I
(pHelmivP)

(pHelmPassive) (iBackseatServer)
Battery manager driver

uonebiren

pBBBlue
Backseat autonomy

Servo driver
PID gain updates

iServo
MBI e Interface to MITFrontseat
(iProp) Control correctives

LED indicator driver : 5
Mapping control correctives

(EEDS) to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands




HydroMAN MOOS community

Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU} (navigation engine)

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
i (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

BeagleBoard single hoard computer (iBlueRaboticsDepth)

on management

seatMissionManager) |5
Higher-level decisions. HydroMAN modules

Passive helm MOOS-IvP helm Gateway to payload I
(pHelmPassive) (pHelmIvP) (iBackseatServer) I

uonnjos
uonebiren

Battery manager driver

pBBBIlue] Desired heading. [speed & depth

Backseat autonomy

iServo PID gain updates Low-level controller
(pControlEngine)

] Main motor driver
(iProp) Control correctives

LED indicator driver - -
(iLEDs) Mapping control correctives
to actuators

(pActuatorMap_morpheus) Modules of the backseat

Actuator commands




HydroMAN MOOS community

Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU} (navigation engine)

Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
(iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

Mission management

Higher-level decisions. HydroMAN modules
GPS GSM :
module Passive helm MOOS-IvP helm Gateway to payload

(pHelmPassive) (pHelmIvP) (iBackseatServer)

External IMU

if available]

Battery manager driver
pBBBIlue]

Servo driver Backseat autonomy

iServo PID gain updates

Malnimotordriver Interface to MITFrontseat
(iProp) Control correctives

LED indicator driver

(iLEDs) Mapping control correctives

to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands




Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU} 1elf deA'.V M(")OS cotnmunlty
(navigation engine)
Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
BeagleBoard single hoard computer (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

on management

seatMissionManager) |5
Higher-level decisions. HydroMAN modules

uonnjos
uonebiren

Passive helm MOOS-IvP helm Gateway to payload
(pHelmPassive) (pHelmIvP) (iBackseatServer)

Battery manager driver
pBBBIlue]

Servo driver
iServo PID gain updates Low-level controller
Mai T (pControlEngine)
ain motor driver
|| (iProp) T Interface to MITFrontseat

LED indicator driver : 5
(LEDs) Mapping control correctives

to actuators
(pActuatorMap_morpheus)

Backseat autonomy

Modules of the backseat

Actuator commands




Depth sensor

External IMU
(if available)

GPS/GSM
module

Battery/current
management

Main motor

Stern servos

LED indicators «——— Eml

Architecture of MITFrontseat (autonomy)

Autonomy system: Produces desired heading, depth and speed

Payload autonomy: Interfaces with a payload autonomy system; a.k.a. backseat driver (MOOS-IvP based or otherwise)

pHelmIvP on frontseat: Run the pHe 1mIvP instance inside the MITFrontseat MOOS community. With

pFrontseatMissionManager watching over the helm.

Simple passive helm (pHelmPassive): No navigation is required. Very useful during initial testing phase of the vehicle.

Hardware based

// pHelmPassive config block

{
AppTick

AR

=)
|y ©

ProcessConfig pHelmPassive

CommsTick

ADD LEG:
ADD LEG:
ADD LEG:
ADD LEG:

start time=15,
start time=25,
start time=35,

heading=180,
heading=160,
heading=200,

start time=45, heading=160,

mission_end_ time

HydroMAN MOOS community
(navigation engine)

| | l\> Gateway to HydroMAN 2.0
| L (iIHydroMAN_Gateway)

HydroMAN modules

speed=2, 5
speed=2, 5, depth kp=2.3
speed=2, > Backseat autonomy
speed=2, 5, pitch kd=1.1
$(MISSION END TIME) = Interface to MITFrontseat

Modules of the backseat



HydroMAN MOOS community
(navigation engine)

' Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
p (iBlueRoboticsDepth) (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

BBBlue IMU driver Mission management
' | (pBBBlue)

Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU}

uonebiren

External IMU

if available]

er Higher-level decisions. HydroMAN modules
M
GPS GSM H

module ! Passive helm MOOS-IvP helm Gateway to payload

(pHelmPassive) (pHelmIvP) (iBackseatServer)
Battery manager driver
pBBBIlue] Desired heading. [speed & depth
Servo driver Backseat autonomy
iServo PID gain updates

Main motor driver
Interface to MITFrontseat
— " pron ' _

LED indicator driver : 5
(LEDs) Mapping control correctives
to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands




MiTFrontseat MOOS community (running in BeagleBoard's CPU} L2 dr?xc?;gtggseﬁ;;'sum‘y

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0
(iBlueRoboticsDepth) (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

on management

seatMissionManager) |5
Higher-level decisions. HydroMAN modules

Hardware based on BeagleBoard

BeagleBoard single board computer

uonnjos
uonebiren

Passive helm MOOS-IvP helm Gateway to payload
(pHelmPassive) (pHelmIvP) (iBackseatServer)

Battery manager driver
pBBBIlue] Desired heading. [speed & depth

Servo driver
iServo PID gain updates Low-level controller
Mai T (pControlEngine)
ain motor driver
| (iProp) il Greaies Interface to MITFrontseat

LED indicator driver : 5
(LEDs) Mapping control correctives

to actuators
(pActuatorMap_morpheus)

Backseat autonomy

Modules of the backseat

Actuator commands




HydroMAN MOOS community

Hardware based on BeagleBoard MiTFrontseat MOOS community (running in BeagleBoard's CPU} (navigation engine)

Depth sensor driver Raw sensor output Interface to HydroMAN 2.0 Gateway to HydroMAN 2.0

(iBlueRoboticsDepth) (iHydroMAN_MITFrontseat) (iHydroMAN_Gateway)

Mission management
External IMU

if available Higher-level decisions HydroMAN modules
GPS GSM :
e Passive helm MOOS-IvP helm Gateway to payload

(pHelmPassive) (pHelmIvP) (iBackseatServer)

Desired heading. [speed & depth

Backseat autonomy
Manolordiver Interface to MITFrontseat
(iProp) Control correctives
LED indicator driver
I (iLEDs) I

Mapping control correctives
to actuators
(pActuatorMap_morpheus) Modules of the backseat

Actuator commands




VECTORS

Virtual Environment for Construction and Testing of Oceanic Robotics Systems

HydroMAN MOOS community
(navigation engine)

Hardware based on BeagleBoard e MITFr MOOS ity (r ing in Beagl d's CPU)

Depth sensor driver Raw sensor output 4| Interface to HydroMAN 2.0
iBlueRoboticsDepth 7| (iHydroMAN_MITFrontseat)

Gateway to HydroMAN 2.0
(iHydroMAN_Gateway)

BeagleBoard single board computer

Depth sensor

i el
BBEIlciMidnves > Mission management HE
e (PBBBlue) — | (pFrontseatMissionManager) £I§
External IMU - S5
if available (S [l External IMU driver I Higher-level decisions 2 HydroMAN modules
i (iXsensMTi) ¢ i ¢ ¢
GPS/GSM P>
module | >UART ports [ | GPS/GSM driver ]
) iAdafruitFona Passive helm MOOS-IVP helm Gateway to payload
Battery/current (pHelmPassive) (pHelmIvP) (iBackseatServer)
man;:‘]emem > ADC ports T Battery manager driver
i pBBBIlue | Desired heading, |speed & depth |
PWMports [ | Servo driver » Backseatauionony
_I : (iServo) ™ PID gainupdates | Low-level controller
r T ControlEngine)
St | o | > - (p
- o MEwaEErenEr ! Interface to MITFrontseat
: ) (iProp) 1C0ntrnl correctives
LERIndIcatoranvey Mapping control correctives
5 GLEDs) | to actuators
LED indicators " [Embedded IMU T (pActuatorMap_morpheus) Modules of the backseat
i & barometer Interface to VECTORS |~ |~
- ST, R (VECTORS_MITFrontseat) l¢ ASBIOTCOTMTENGs

JaN

VECTORS MOOS community
(Virtual Environment)

Gateway to VECTORS
(IVECTORS_Gateway)

«—

Sensor simulators Environmental simulators Vehicle simulators

¢




Architecture of VECTORS

* Vehicle simulators: Simulates the motion of a
vehicle platform according to its actuator
movements and surrounding environmental

VECTORS MOOS community
(Virtual Environment)

Gateway to VECTORS
(IVECTORS_Gateway)

Sensor simulators Environmental simulators Vehicle simulators




VECTORS

uSimUnderseaVehicle: A configurable, physics-based 6-DOF UUV simulator

Auto-generates hydrodynamic coefficients
on-startup using empirical formulae

VECTORS MOOS community

(Virtual Environment)
Raw sensor

output

GPS sensor simulator |_ |
(uSIimGPS)

DVL/ADCP simulator | |
(uSimDVL)

Depth sensor simulator|__|
(uSimDepth)

IMU sensor simulator ||
(uSimIMU)

Power/elec. simulator
(uSimElectrical)

Gateway to VECTORS
(iVECTORS_Gateway)

Bathymetry simulator
(uSimBathy)

Bathy response

\ 4

Ocean current
simulator
(uSimOceanCurrent)

]

Current response

Ground truth pose of the UUV

Configurable, universal
UUV simulator

» (uSimUnderseaVehicle)




Roll, p, K

Body-fixed linear

6-DOF mass
properties
& angular

J— velocities

Sway, v, Y

Earth-fixed Ground-truth
velocities position and pose

6-DOF forces &
moments acting on the

vehicle
Hydrostatics
Hydrodynamic lift
Hydrodynamic drag
Actuator forces
External forces




VECTORS

uSimUnderseaVehicle: Configured for Morpheus UUV

/7

// uSimUnderseaVehicle config block for Morpheus

ProcessConfig = uSimUnderseaVehicle

{
AppTick
CommsTick
log_path = .
log_name = LOG_$ (COMMUNITY) hydro_summary
plot_name = LOG_$ (COMMUNITY) veh config
log_name__time_sufix = false

HULLFORM_PROFILE: length=0.912, diameter=0.124, cd=1.1, cd_res=0.008, cd_axial=0.02, profile = 0.4560:0.0] 0.355:0.062]
0.253:0.062| 0.152:0.062| 0.051:0.062| -0.051:0.062| -0.152:0.062|] -0.253:0.062| -0.355:0.037| -0.456:0.0

ADD_ACTUATOR: name=prop, index=0, type=fixed thruster, Xprop=7.9763

ADD_ACTUATOR: name=rudder_top, index=1, type=control_ surface, orientation=0, xg=-0.42, xb=-0.42, zg=-0.0285, zb=-0.0285,
surface_area=0.000977, surface_ar=3, surface_deltae=0.9

ADD_ACTUATOR: name=rudder btm, index=2, type=control surface, orientation=0, xg=-0.42, xb=-0.42, zg=0.0285, zb=0.0285,
surface_area=0.000977, surface_ar=3, surface_deltae=0.9

ADD_ACTUATOR: name=elevator port, index=3, type=control_surface, orientation=90, xg=-0.42, xb=-0.42, yg=-0.0285, yb=-0.0285,
surface_area=0.000977, surface_ar=3, surface_deltae=0.9

ADD_ACTUATOR: name=elevator_ stbd, index=4, type=control_ surface, orientation=90, xg=-0.42, xb=-0.42, yg=0.0285, yb=0.0285,
surface_area=0.000977, surface_ar=3, surface_deltae=0.9

ADD_ACTUATOR: name=fwdmorph_top, index=5, type=control surface, orientation=0, xg=0.25, xb=0.25, zg=-0.0285, zb=-0.0285,
surface_area=0.0014655, surface ar=3, surface_deltae=0.9, is_deployed=false

ADD_ACTUATOR: name=fwdmorph_top, index=6, type=control_ surface, orientation=0, xg=0.25, xb=0.25, zg=0.0285, zb=0.0285,
surface_area=0.0014655, surface_ar=3, surface_deltae=0.9, is_deployed=false




VECTORS

uSimUnderseaVehicle: Configured for C-Ray UUV

Main center hull:

* Modeled as a rigid-body hull
Fins:

* Also modeled as rigid-body hulls, but connected to the



VECTORS

uSimUnderseaVehicle: Free surface hydrostatics

e Hullis divided into N sections

e If all sections are under the surface:
o effective_buoyancy = buoyancy
o effective_CB =CB

e If any part of a section is above the surface, the above surface surface volume is reduced from buoyancy, and effective_CB

is re-calculated accordingly

EENEEET




VECTORS

uSimUnderseaVehicle: Grounding simulation (beta)

e Hullis divided into N (10) sections

e If any section is below the seabed (i.e. provided by uSimBathy) a reaction force is provided to the hull accordingly




VECTORS

uSimOceanCurrent: A configurable ocean current simulator
3 Wy RGBS 3 i - g

* Any number of radial underwater current sources can be
configured with:

* location
* mean speed =
* amplitude - source 1 source 3

*  Current variation with depth as:
speed = depSq*depth™2 + dep*depth + mean _speed ]

* At each vehicle’s ground-truth position, the resultant current
velocity is calculated, and a CURRENT_RESPONSE is posted

VECTORS MOOS community

(Virtual Environment) 4
Raw sensor \ "4

output Gateway to VECTORS

, —_—

ProcessConfig = uSimVECTORS_OceanCurrents — GPS sen_sor simulator — (VECTORS_Gateway)
{ - (uSImMGPS)

AppTick

CommsTick DVL/ADCP simulator

> - =
) (uSimDVL) Bathymetry simulator | Bathy response
#ifdef BATC / > (uSimBathy) 1

ADD SOURCE: : ‘ N S : -
amplitu OR: RI Y depSqg=0, 0 > D seAnsor simulator| | Configurable, universal
(uSimDepth) ULV simulator

(uSimUnderseaVehicle)

IMU sensor simulator | | Ocean current
(uSimIMU) simulator -
y=-300, mean_speed=0.3, amplitude=0.10, wavelength=10, depSg=-0.0005, > (uSimOceanCurrent)
Power/elec. simulator
_) ) . p—
(uSimElectrical)

y=-400, mean_speed=0.2, amplitude=0.05, wavelength=20, depSg=-0.0005, >

Current response

, y=-350, mean_speed=0.1, amplitude=0.00, wavelength=40, depSg=-0.0005,

Ground truth pose of the UUV

#endif




VECTORS

uSimVECTORS DVL: A DVL and ADCP simulator

* Match the sensor to a particular vehicle
+ Able to have more than one DVL per vehicle (e.g. upward and
ProsessContis = uSinVECTORS. VL downward looking)
" ppriex - » Configurable sensor orientation w.r.t. vehicle axis
CommsTick = 4 « Configurable DVL bottom-track error model
platform_id - vehicle ID (unsigned int) N « Configurable range, blanking distance, update rate
sensor_id = If there are >1 sensors per UUV (unsigned int) . .
. «  Configurable DVL water-track mode & water-track bin

5. AUV axis ,  DVL-ADCP dual mode support

deg_arou

deg_around_auv_y = 0.0 /3 »  Configurable ADCP error model
deg_around_auv_z = 0. // i h
L]
// DVL specs and error mod VECTORS MOOS community
dvl update interval .5 // in s (Virtual Environment)
dvl_random_error Raw sensor A",
dvl_t . i output Gateway to VECTORS
dvl_scale_error '/ ity ) GPS sensor simulator || (iIVECTORS_Gateway)
(USIMGPS)
max_range
‘“i“-““gel -3 /inm | DVL/ADCP simulator
max speed 0] — . |
fnne . (uSimDVL) Bathymetry simulator | Bathy response
water track mode exis —> (uSimBathy)

Depth sensor simulator| | Configurable, universal
(uSimDepth) UUV simulator

alse // This mode is not supported yet. j (uSimUnderseaVehicle)

water_ track_bi the bin number, starting with nearest bin >

IMU sensor simulator | | Ocean current
(uSimIMU) simulator
dvl_adcp_dual_mode = '/ bool —>| (uSimOceanCurrent) Current response

andom_error = 0. // in m/s
_bias_error 0.0 in m/s >
cale_error . Scale error as a percentage of velocity

Power/elec. simulator | |
(uSimElectrical)
Ground truth pose of the UUV




MITFrontseat - HydroMAN - VECTORS with MOOS-IvP in action

Simulating the autonomy
stack of C-Ray vehicle
developed by Pliant Energy
Systems

Credit for RViz visualization tool
implementation with MOOS-ROS bridge:
Ethan Park <Park@pliantenergy.com>



https://docs.google.com/file/d/1KNMms8LRc1KRlbuLSiO_SqLgMoWiCydw/preview
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