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Introduction 
 Tom Wrasse – Underwater Warden 
Certified VideoRay Instructor,  Pilot and 

Consultant 
30 years experience in law enforcement with 

the Wisconsin Department of Natural 
Resources 
VideoRay end user  

 
 

     



Objectives 
Drowning Statistics 
ROV background 
Classification types 
Applications 
Accessories 

Searches 
Basics 
Tactics 

Recoveries 
Training 
Case  study information 



Statistically Speaking 

Worldwide1 - estimates 

1063 unintentional drowning/day ~390,000/yr 

Ranks 3rd for causes of unintentional deaths 
96% occur in low – middle income countries 
The highest rates are found in the regions of 
Africa, China and India 
 

Presenter
Presentation Notes
Drowning reports vary tremendously from one country to the next – this results in only ballpark figures for much of the world



Statistically Speaking 

United States 

10 drowning/day2, ~3650/yr 

Ranks 5th for causes of unintentional 
deaths2 
1 in 5 or 20% are less than 14 years of age3 

80% are male3   

$273 million (USD) in associated costs1 

 



Statistically Speaking 

Canada 

1.3 drowning/day9, ~467/yr 

Ranks 4th for causes of unintentional 
deaths9 
15% are less than 14 years of age9 

83% are male9   

$173 million (USD) in associated costs1 

 



Statistically Speaking 

Australia  
.78 drowning/day7, ~285/yr 
$85.5 million (USD) in associated costs1 

77% are male7 

16% are 14 years of age or less7 

 



Statistically Speaking 

United Kingdom8 

1.9 drowning/day, ~700/yr 
68% are male 

10% are 15 years of age or less 

 



Risk Factors to  
Natural Water Drowning 

Swimming ability  
Failure to wear life jackets – 88% of those 
that drown related to a boating accident did 
not wear a life jacket 4,5 

Alcohol use – 70% of water related accidents 
involve alcohol3,4,6 

 

Presenter
Presentation Notes
Alcohol use can be a factor when collecting information from witnesses



<58 F/14C 
90 minutes 
Mammalian diving reflex 
Shut down in order 
Begins when the face hits the water 

Cold Water Drowning 

Presenter
Presentation Notes
Typically cold water is considered anything less than 58F or 14C
Recent studies have shown that a window of 90 minutes exists whereby a person can be revived
Increases the odds of a rescue rather than a recovery
The human body has a reflex that is triggered once the face hits the cold water
There is a systematic shutdown of bodily functions starting with a slowing of the heart rate and ending with oxygen shutdown to the brain
Young children have a better chance of recovery than do adults 



Presenter
Presentation Notes
While still used today, dragging and divers used to be the only tools available.



Remotely Operated Vehicles 
(ROV) 

Classifications: 
Work Class – large vehicles, heavy 
payload capability, multi-person crews 

Presenter
Presentation Notes
Work Class – typically equipped with hydraulics that enable a multitude of tasks to be performed – able to execute intervention missions.  Has the ability to retrieve large objects, travel to great depths, equipped with cameras, manipulators, sonar and lights.  Commonly deployed with a crane due to its large size and weight.



Remotely Operated Vehicles 
(ROV) 

Classifications: 
Observation Class – small suitcase sized, 
lightweight, portable, easily deployed by 
one person 

Photo: Mr. Msanobu Shibuya  

Presenter
Presentation Notes
Observation Class – historically used for inspections, technological advancements have improved this class into a small work class ROV.  A variety of sensors have been developed specifically to be adapted to the Observation Class ROV – HD cameras, scanning and multi-beam sonar, positioning systems…



Remotely Operated Vehicles 
(ROV) 

Classifications: 
Special Use – built for a specific task, not 
very common due to high associated costs 

Presenter
Presentation Notes
Special Use – 



Remotely Operated Vehicles 
(ROV) 

Observation Class – further defined 
Micro - very small, “hobby” type, 
primarily a swimming eyeball used for 
inspections, shallow depths 
Mini – small, equipped with camera, 
lights, manipulator and sensors 

Presenter
Presentation Notes
Micro – can weigh in at <3kg/6.5lbs, able to fit into very small openings and crevices.  Typically do not carry any other sensors.  Limited to waters with little to no current and depths <100m/300ft
Mini – weigh in at <15kg/33lbs, used as a compliment or alternate to a diver, ability to carry a light payload of sensors such as sonar, can tolerate moderate current and travel to depths up to 300m/1000ft



Remotely Operated Vehicles 
(ROV) 

Applications: 
Inspection 
Observation 
Documentation 
Recovery 
Sensory Platform 

Presenter
Presentation Notes
The mini-ROV should be considered an underwater enhancement tool and while it can replace many diver applications it should not be considered a total replacement tool.



Remotely Operated Vehicles 
(ROV) 

Application Fields (to name just a few): 
Aquaculture 
Law Enforcement 
Offshore Oil and Gas 
Military 
Science and Research 
Potable Water Supply 
Infrastructure 



Accessories to the mini-ROV 

Video 
Front high resolution color camera with 
tilt, rear/external black and white  
HD is available with some modifications  
Has snapshot capability 
Video enhancements 

Presenter
Presentation Notes
This segment is dedicated to the “mini-ROV”.
Video 
The standard in the industry is a high resolution color camera mounted in the front inside of the ROV.  The operator has control of tilting the camera but panning is accomplished by moving the ROV.  Many offer a rear or external mounted black and white camera.  
HD cameras are now available in smaller size and can be easily adapted to fit onto the ROV.
Snapshots can typically be taken at any time during the operation
Video enhancement technology (i.e. LYYN) can assist in filtering through turbid waters



Accessories to the mini-ROV 

Lights 
LED’s 
Video quality is improved where the 
lights are mounted separate of the camera 
Provide excellent dimming capability 
 

Presenter
Presentation Notes
LED’s 
Light Emitting Diodes are now the standard.  They are much smaller, brighter, generate less heat, light weight and require little power to operate.  
Video quality is improved when the lights are mounted away from the camera thus eliminating much of the background interference.
Can be controlled with a dimmer switch offering the full range of light emissions



Accessories to complement the 
mini-ROV 

Sonar 
Ability to “see” beyond the video 
Frequencies dictate the end result 
Practice required to interpret images 

Sonar Types 
Side Scan 
Towed 
Hull mounted 
GPS capabilities 

Presenter
Presentation Notes
Sonar – SOund Navigation And Ranging – uses sound propagation to navigate, communicate or detect objects
Sonar has the ability to reach out past what the eye can see, even in the most turbid of water.  This is a highly desirable add-on for rescue/recoveries.
Lower frequencies provide greater range but with less resolution.  Higher frequencies have shorter range but higher resolution.  The mission at hand dictates the best tool.  Higher frequency sonar's will take longer to search an area but will provide good detail on the targets.
Reading sonar images can be difficult at first – this takes practice to locate a target using sonar and then making a visual identification to train the eye.

Sonar Types
Side scan – need a stable platform to provide the best quality image – therefore not the best mounted directly to a ROV. They emit a fan shaped pulse where targets that stick up from the floor reflect the sound wave creating both a bright line image and a shadow behind it.  In reading the combination of the two, many times it can be determined exactly what the object is.
Towed behind a boat – “fish”
Hull mounted
GPS – allows for accurate target location then permitting the ROV to make a visual identification



Side scan 

Presenter
Presentation Notes
Image of a towed side scan sonar device



Accessories to the mini-ROV 

Sonar Types 
Mechanical Scanning  
ROV mounted 
Fixed mounted 

Presenter
Presentation Notes
Sonar Types
Mechanical Scanning – they emit a narrow beam pulse and are mechanically driven to provide a variety of ranges and sectors up to a full 360 degree pattern.  
ROV - Because of the narrow beam these can be mounted to the ROV with the best results obtained by resting the ROV on the floor or hovering in one location and allowing the sonar to work while stationary.  Movement during sonar operation can blur images.
Fixed – typically deployed from the surface. Commonly mounted to a tripod for deployment.  Identified targets can be “truthed” with the ROV.



Image courtesy of Wendell Nopes 

Victim 

Target 

Presenter
Presentation Notes
Image of a mechanical scanning sonar with just a segment showing a drowning victim with an acoustic target placed near-by for easy relocation.



Image courtesy of Wendell Nopes 

Presenter
Presentation Notes
Mechanical scanning sonar uniquely mounted for through the ice operation.  This configuration allowed for precise deployment providing for high quality image production.



Image courtesy of Tom Wrasse 

Presenter
Presentation Notes
Snapshot of a mechanical scanning sonar showing a drowning victim.



Image courtesy 
 of Tom Wrasse 
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Presentation Notes
Holding the ROV on position until divers arrive on scene



Divers coming in 

Image courtesy of Tom Wrasse 

Presenter
Presentation Notes
Snapshot of a mechanical scanning sonar showing divers coming in to retrieve the victim.



Accessories to the mini-ROV 

Sonar Types 
Multi-beam Scanning 
ROV mounted 
Fixed mounted 

Presenter
Presentation Notes
Sonar Types
Multi-beam Scanning – create multiple acoustic beams simultaneously with rapid refresh rates so sectors can be scanned all at once.  This produces a video like image.
ROV – because of the rapid refresh rate they work well mounted to the ROV allowing for clear images to be created even on the move.
Fixed – today's technology has led to the development of 3D created images.



Image courtesy of Craig 
Thorngren – Submerged  
Recovery and Inspection 
Services 



Image courtesy of Craig 
Thorngren – Submerged  
Recovery and Inspection 
Services 



Accessories to the mini-ROV 

Manipulators 
There is a wide range of manipulators 
available for most ROV’s 
Typically single function 
Attachments for cutting heads 
Used in rescues/recoveries 

Presenter
Presentation Notes
Manipulators used for body recovery/rescue require grabbing onto a piece of clothing and either having a diver follow the tether to the victim or pulling on the tether to make a retrieval.



Accessories to the mini-ROV 

Tracking/Navigation Systems 
Acoustic – interprets sound pulses 
through pingers, transponders and 
responders 
Long Baseline - LBL 
Short Baseline - SBL 
Ultra Short Baseline - USBL 
 

Presenter
Presentation Notes
GPS can not penetrate through water so in order to track or navigate through known points an external system must be employed.
LBL – uses three or more transponders typically located on the floor and communicates with a beacon located on the ROV and a known GPS location (a ship).  Through triangulation the location of the ROV can be determined and tracked.  
Very accurate
Costly
Lengthy set up time
ROV must remain in range of the transponders
Requires calibration
SBL – uses a transponder/responder on the ROV in conjunction with three or more transducers hung into the water just below the waters surface (pier, ship).
USBL – similar to the SBL but only a single transceiver that contains an array of transducers is used
Least accurate
Least expensive
Quick set up



Presenter
Presentation Notes
Typical setup for an Long Base Line navigation system



Presenter
Presentation Notes
Typical setup for an Short Base Line navigation system




Accessories to the mini-ROV 

Tracking/Navigation Systems 
Non-acoustic 
Tether based – uses a series of sensor 
embedded nodes 
Acceleration - distance 
Magnetics - direction 
Rate-gyro – position 

Provides position history 
GPS enabled 

Presenter
Presentation Notes
Nodes are spaced along the tether.
Data is collected via a computer which computes the information and provides the shape of the tether and the position of the ROV in relation to the operator.
Provides real time position of the ROV and tether.  Position history ensures complete coverage when conducting search patterns.
Absolute position can be determined though GPS.



Searches 

Where to begin 
Point Last Seen – interviewing as 
many “witnesses” as possible 
Triangulate 
Mark the spot 
Eliminate sectors 

Gather all the facts prior to entering the 
water 

Presenter
Presentation Notes
The most important piece to the puzzle is, to as accurately as possible, determine the Point Last Seen.  
Try to triangulate witnesses if possible.  People seeing the same incident will have very different levels of recollection.
Mark the spot
Where there isn’t a reliable point, the search becomes more of eliminating where the victim isn’t.  While the victim may not be found, the search is still considered successful in the fact a sector has been cleared.
Fact finding can greatly improve your chances of success – consider them all



Searches 
Where to begin 
What area to search 
Wind, current, tide, water depth 
Victim descent 
Without current  
With current 

Bayesian Search Theory10 – concept of 
evidential probability through 
mathematics 
Measurable, mapable, obtainable 

Presenter
Presentation Notes
Search area
All the environmental factors need to be considered including water clarity, floor conditions, aquatic vegetation
Typically human bodies will descend/glide at a 1:1 ratio.  For example in water depth of 20’ without any current initial search would start in a 20’ radius of the Point Last Seen.
In water depth of 20’ with current the initial search would concentrate in an area within 20’ down current of the Point Last Seen.
Bayesian Theory – US Park Service and Coast Guard uses this.  Craven pioneered this theory for finding lost objects at sea.  “Google” this to further learn its application.



Point Last Seen 

20’ 20’ 

20’ 

Without current 

Presenter
Presentation Notes
Human descent is typically a 1:1 ratio.  So in water depth of 20’ the initial search would concentrate in an area with a 20’ radius of the Point Last Seen



Point Last Seen 

20’ 

20’ 

With current 

Current direction 

Presenter
Presentation Notes
Human descent is typically a 1:1 ratio even in water with current.  So in water depth of 20’ the initial search would concentrate in an area 20’ down current of the Point Last Seen



Searches 

Where to begin 
Method to search 
Apply the tools right for the job 
Adjust the job to the tools available 
Side Scan – large area coverage 
Scanning – mid range coverage 
Tracking/navigation system – ensures 
complete coverage 
ROV w/video and sonar – small search 
areas and target truthing 
Targets need to be marked 

Presenter
Presentation Notes
The best practice is to combine as many “tools” as possible.  While this is not always practical or feasible the search method must be focused on the available tools and systematically performed.
Side Scan – can cover large areas in a short period of time.  GPS is used to ensure complete coverage of the search area.
Scanning – works well for mid range search areas
Tracking/navigation systems are used to ensure full coverage of search areas occurs
ROV – is used to identify targets that have been found with other methods.  This also works well for investigating small search areas as a single tool.
In most cases any targets that have been identified should be marked either with a surface “buoy” or a subsurface acoustic marker for easy relocation.



Searches 

Search tactics 
Search Area 
Divided into smaller sections 
Primary – secondary sections 
Documentation – systematic coverage 
identifying sections completed and those 
yet to be 
 

Presenter
Presentation Notes
Search Area
If the area is large enough it may need to be broken down into smaller workable sections.  Once a section has been cleared the search moves on to another section.  If multiple teams are deployed each team will be assigned to a particular section.
Often times based on the facts gathered, one section may be designated a higher priority over another section.  The primary is typically completed first with the most resources dedicated there.
Ensure complete coverage occurs and all sections have been cleared.



Searches 

Search tactics 
Search Patterns 
Overlap field of view - ~75% 
Parallel tracks – back and forth 
Fan/arc – a series of concentric arcs 
Circle – a series of concentric circles 
 
 
 

Presenter
Presentation Notes
Search Patterns – there are several different variations but the below listed are the most common
No matter what type of pattern is used each lane of coverage should overlap by about 75% to ensure nothing is missed – 
The field of view is determined by what ranges the sensors are set at or dictated by the clarity of the water.
Parallel tracks – a back and forth  coverage referred to as mowing the lawn. This is a very common method used when running side scan sonar but can also be employed with the ROV.  This can also be overlapped by running a second pattern at right angles to the first.  
Fan/arc – used with the ROV by sweeping back and forth and with each pass a bit more tether is deployed
Circle – used with the ROV, a focal point is set by using clump weights on the tether and completing a circle around that weight.  The amount of flying tether is changed to allow subsequent larger circles to be formed.



75% of your 
visibility 

75% of your 
visibility 

75% of your 
visibility 

Parallel Track Pattern 

ROV/sonar field  
Of view 



Fan/arc Pattern 

Presenter
Presentation Notes
Feed out just enough tether for each pass to ensure there is 75% coverage for the field of view



Circle Pattern 

Presenter
Presentation Notes
Feed out just enough tether for each pass to ensure there is 75% coverage for the field of view



Operations 

Shore based 
Vessel 
Power Source Inverter 

Generator 

Wall outlet 

Presenter
Presentation Notes
Shore based operations – with a good Point Last Scene shore based operations can work well.
Vessels – can vary from rubber rafts, canoes, fishing boats to large ships.  Take into consideration active props when deploying.
Power source – the mini-ROV can use a variety of power sources due to its’ minimal power requirements.  AC (hard wire or generator), DC with inverter.



Searches 

Search tactics 
Target Marking 
Buoys – surface markings 
Acoustic – subsurface markings 
Active – pingers that broadcast a 
signal to a tracking system 
Passive – reflect sonar waves 

Tracking/navigation – known fixed point 
that can be duplicated 
Holding location 

Presenter
Presentation Notes
Target Marking – all targets to be investigated should be marked.  Typically parallel or perpendicular runs are made using multiple markings to narrow down the location.
Buoys – can be deployed from a boat while running side scan sonar or by the ROV dropping a small weighted marker
Acoustic - subsurface
Active are more difficult to set up and use
Passive – easier to deploy and can be of any material and shape that will provide a good sonar reflection
Tracking/Navigation – GPS recorded location
Holding location – the ROV can stay on location where diver assist is required or may even grab onto the target to hold position




Recoveries 

Techniques 
Diver descent – following the tether to 
the target 
Grip and pull – manipulator  and tether 
used to retrieve the target  
Recovery lines   
Hooking 
Threading 
Wrapping 

Presenter
Presentation Notes
Diver descent – once a target has been identified the ROV stays on location by holding position or using the manipulator by gripping onto to the target.  Divers can then simply follow the tether to location and make the recovery.  This minimizes diver time in the water.
Grip and pull - the manipulator is used to grip the target and personnel topside are used to pull on the tether retrieving the target.  Be sure to grip a piece of clothing and not body parts or hair as damage could occur.  Care must be given once the target reaches the surface as the water will no longer offer aided buoyancy and grip could be lost.
Strong consideration must be given to weigh the risks of the potential to lose grip 
Recovery lines – can be an asset in deeper water or in areas with heavy current.  
The ROV is deployed with a hook or carabineer attached to a line that runs to the surface or has a buoy attached.  
Another option is to run a light weight line and thread it through an opening that can then be run back to the surface.  A heavy line can then be pulled through into place.
Lacking a good securing point, a line may be wrapped around the target.



Vendor 
In-house 
Refreshers 

Training 

Presenter
Presentation Notes
Across the board training and practice is a big component to success.
Most vendors provide initial training at their facility or on-site at the customers choice.  Some vendors offer advanced operations training as well.
The most successful conduct a regularly scheduled training/refresher session or are very active in missions.



Case Studies 

Rescue 
Retention Pond 
Marina 
Helicopter 
Royal Netherlands Navy  

Presenter
Presentation Notes
Rescue – Tom Crossman Captain of the St Louis County , MN Sheriff Rescue.  Victim was reportedly submerged 30 minutes prior to the arrival of the ROV.  Within 4 minutes the manipulator gripped the victim and nearby rescue personnel pulled on the tether bringing the victim to the surface.  The victim had a pulse at the time and was rushed to the nearby hospital.  Unfortunately recovery was not made.  Pro 3
Retention Pond – Steve Van Meter of Van Meter Consulting.  An all day search was conducted in a retention pond for a victim that had left a suicide note.  The body was not found until the pond was drained.  It was discovered that the victim had tied cement blocks to a length of rope.  The body was actually floating well above the bottom at the time of the search.  Look everywhere – think outside the box.
Marina – Craig Thorngren of Submerged Recovery and Inspection Services (6 recoveries).  Victim was in a wheel chair when water entry was made.  The chair was located by search crews but not the victim.  While testing the ROV system out for the dive the victim was located with sonar directly beneath the marina store (floating pier). Pro 4 with BlueView
Helicopter – Victor Smith of the Mobile, AL Police Department. 3 months after attending training and having no other time to practice, victims of a Coast Guard helicopter crash were located. Pro 4 with BlueView – also a SeaBotix owner.
Royal Netherlands Navy – on two separate occasions within 2 months of receiving their system, two drowning victims were recovered (through the ice). Pro 4 with BlueView.



Numbers 

Vendors – only one vendor contacted 
provided numbers  
VideoRay – 40-50 recoveries made  

Agencies 
SARbot UK –  
St Louis County Sheriff Rescue 
Wisconsin Department of Natural 
Resources 

Individuals 
 

Presenter
Presentation Notes
Vendors – most indicated they did not keep track of this data and that individual operators would need to be contacted.
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