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I work for VideoRay, so there is some bias towards these systems.



Themes 
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This presentation is about augmenting data collection (imagery, sonar, or other sensor data) with spatial data.
  




Micro-ROV 
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microROV are small, logistics are easy, and cost tends to be low.



Where Am I??? 
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Where is It?? 



LOCALIZATION 



Accuracy / Precision 

Minimize Errors (Bias/Noise) 
Make use of all available information 
Optimize operations 



$2,500,000,000 / ~20 years 
Atomic Clocks,  Corrected for relativity 
Still has augmented improvements 
(WAAS) 
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Depth Errors 

Sensor Bias/Noise 
Density Variations 

Temperature 
Gravity Variations 

Tides 
Atmospheric Pressure 

Bernoulli effects 
 



Where am I????????? 

Errors everywhere 
Errors are cumulative 
Navigation models are simplistic 
Time/Money/Effort constraints are real 
Landmarks are scarce underwater 



Relax ! 

Good enough +/- X 
Usually can get better than you need 
Scalable in cost and effort 
Multiple solutions 



No Sensors 

? 
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Knowledge of location is constrained by tether length.
Assume positioning at the surface is easy-ish and free-ish.  GPS, DGPS, WAAS, etc.




Depth 
Pressure measurement 

gives distance from surface 
 

Typically 1% -> 0.01% 

On Board 
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Really Pressure sensors.
piezoresistive or resonance changes with pressure.
Need to be temperature calibrated
Depends on fluid equation of state  (Density) since depth = pressure / (density * g)
Typically 1% -> 0.01%
Acoustic Altimeter can give the same type of data.




Depth 
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Altimeter / Echo Sounder 

• Simplest acoustic measurement device 
• Distance off seafloor OR other surface 
 
 
 

  

 
 

 
 

~ 0.5 - 2 

~1mm resolution 
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Pseudo-Altimeter 
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Compass 
(heading, attitude reference, INS) 

 
  

 
 

 
 

~ 2° -> 0.2 ° • Gives sensor “look direction” 
• Required for DR, INS, DVL 
• Magnetic variation and 

anomalies can be large 
 
 
 

  

 
 

 
 

On Board 
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KVH C100 ~ 0.5 deg
PNI TCM   ~ 0.3 deg
PHINS ~ 0.01 deg (aided INS)

Look direction decreases sensor space uncertainty




VN-100 
(heading, attitude reference, INS) 
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KVH C100 ~ 0.5 deg
PNI TCM   ~ 0.3 deg
PHINS ~ 0.01 deg (aided INS)

Look direction decreases sensor space uncertainty




VN-100 
(heading, attitude reference, INS) 

 

Attitude & Heading 
Range: Heading, Roll: ±180 ° 
Range: Pitch: ±90 ° 
Static Accuracy (heading): < 2.0 ° 
Static Accuracy (pitch/roll): < 0.5 ° 
Angular Resolution: < 0.05 ° 
Repeatability: < 0.2 ° 
Maximum Output Rate: 200 Hz 
Output Modes (Combinations of): 
- Euler Angles (Yaw, Pitch, Roll) 
- Quaternion 
- Rotation Matrix 
- Acceleration, Angular Rate, Magnetic Field   and 
Pressure 
Filtering: 
- Extended Kalman Filter (EKF) 
- Adjustable tuning parameters for improved 
  immunity to magnetic and dynamic disturbances 
- Active Disturbance Rejection 
- Automatic or User Selectable Tuning 
- Adaptive Signal Processing 

IMU - Angular Rate 
Range - Standard: ±500 °/s 
Range - Extended*: ±2000 °/s 
Linearity: < 0.1 % FS 
Noise Density: 0.005 °/s /√Hz 
Bandwidth: 256 Hz 
Alignment Error: ±0.05 ° 
 
IMU - Acceleration 
Range - Standard: ±8 g 
Range - Extended*: ±16 g 
Linearity: < 0.5 % FS 
Noise Density: 0.4 mg/√Hz 
Bandwidth: 260 Hz 
Alignment Error: ±0.05 ° 
 
 
IMU - Magnetic 
Range - Standard: ±2.5 Gauss 
Range - Extended*: ±8 Gauss 
Linearity: < 0.1 % FS 
Noise Density: 140 µGauss/√Hz 
Bandwidth: 200 Hz 
Alignment Error: ±0.05 ° 
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KVH C100 ~ 0.5 deg
PNI TCM   ~ 0.3 deg
PHINS ~ 0.01 deg (aided INS)

Look direction decreases sensor space uncertainty




VN-100 
(heading, attitude reference, INS) 
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KVH C100 ~ 0.5 deg
PNI TCM   ~ 0.3 deg
PHINS ~ 0.01 deg (aided INS)

Look direction decreases sensor space uncertainty




New CPU board 

Flexible Daughter-board 
 Interface 
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KVH C100 ~ 0.5 deg
PNI TCM   ~ 0.3 deg
PHINS ~ 0.01 deg (aided INS)

Look direction decreases sensor space uncertainty




ROV GPS 
 



Doppler Velocity Log 



Doppler Velocity Log 
~ 2 - 5 

~0.5-1%  and 2 mm/s 
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Probably the most popular AUV navigation tool.
Used in conjunction with other sensors and INS
Error is unbounded, but can be quite low

Integrate with INS, other acoustic etc.
As with INS algorithms and data fusion become important.

RDI states long term accuracy as ± 0.3% ± 0.2cm/s

Linkquest states long term accuracy as 
Accuracy: 1% +/- 1 mm/s�Accuracy (Model P): 0.2% +/- 1 mm/s

From RDI Web Site:
Position Error = DVL Accuracy x Velocity x Travel Time ( = DVL Accuracy x Distance Traveled)�At zero speed, the velocity drift is ±2 mm/s �For example: DVL Accuracy = ± 0.4%, Velocity = 1 m/s and Travel Time = 1 hr �Position Error = ±0.4% x 1 m/s x 3600 s�So, after one hour,�Distance Traveled = 3.6 km�Position Error = ±14 m



Survey CoPilot by SeeByte 
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Probably the most popular AUV navigation tool.
Used in conjunction with other sensors and INS
Error is unbounded, but can be quite low

Integrate with INS, other acoustic etc.
As with INS algorithms and data fusion become important.

RDI states long term accuracy as ± 0.3% ± 0.2cm/s

Linkquest states long term accuracy as 
Accuracy: 1% +/- 1 mm/s�Accuracy (Model P): 0.2% +/- 1 mm/s

From RDI Web Site:
Position Error = DVL Accuracy x Velocity x Travel Time ( = DVL Accuracy x Distance Traveled)�At zero speed, the velocity drift is ±2 mm/s �For example: DVL Accuracy = ± 0.4%, Velocity = 1 m/s and Travel Time = 1 hr �Position Error = ±0.4% x 1 m/s x 3600 s�So, after one hour,�Distance Traveled = 3.6 km�Position Error = ±14 m



SONAR CoPilot by SeeByte 

Presenter
Presentation Notes
 



BlueView ProViewer Plus 
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RI CoPilot by SeeByte 

Presenter
Presentation Notes
 



KCF SmartTether 
Orientation +  Depth + Tether Model = Position 

~1.5 m 
• Quick to deploy 
 
• Fast update rate 
 
• Errors are bounded 

 
 

  

 
 

 
 

~ 0 
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Transponder 
• USBL, LBL, etc. 
• Does not drift 
• Setup can be 

complex 
• Range limited by 

sound propagation 
• Can allow 

measurement of 
actual error 

 
 
 

  

 
 

 
 

~ 0.5 - 2 

<1 m to a few cm 
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Tritech micronNav
Typical Range: 500m horizontal  150m vert
Range accuracy:	 +- 0.2 m
Bearing accuracy:	 +- 3 deg

SonarDyne LBL (while too big…)
0.02 – 2m (HF shallow -> LF deep)
About the same as DSS

Linkquest USBL:
Positioning Accuracy: 3.0 degrees (better than 5% of slant range)  (HA goes to 0.25deg 0.5%)
Slant Range Accuracy: 0.20 meter

PinPoint Range: up to 1000 meters�Accuracy: 0.05 to 0.5 meter



Data Mensuration 
Sensor  
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Forward Look Sonar Mosaics 
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Optical Imagery 
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The Best Navigation Tool 
Japanese Tourists Follow GPS Directions, Wind Up in Bay 
 
Woman Follows GPS, Drives Straight Into Swamp 
 
Woman Sues Google Maps After Getting Hit By a Car (walked into traffic) 
 
New Jersey Driver Follows GPS, Causes Four-Car Pileup 
 
UK Woman Follows GPS, Drives Mercedes Into River 
 
Bus Driver Follows GPS, Gets Wedged Under Bridge  
 
Trucker Follows GPS Directions, Winds Up in Tree 
 
UK Motorists Follow GPS, Get Stuck on Narrow Roads 
 
German Driver Obeys GPS, Drives Into Sand Pile 
 

Presenter
Presentation Notes
 




The Best Navigation Tool 

Presenter
Presentation Notes
 




Questions????? 
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