
  1
       

 

AI/ROBOTS on the Reef™ Revision 9.5 

Global based automated health monitoring and mapping of Coral reefs 

PRELIMINARY DOCUMENT 

Reef Guardians Hawaii-California 501c3 
3838 Kaweonui,Princeville, HI 96722 

10 East Yanonali Street 

Santa Barbara, CA. 93108 

(805)886-2204 

ReefGuardians.org 

Reef Guardians Hawaii-California CONFIDENTIAL PRELIM. DOCUMENT Author: Harry Rabin 
    



  2

Table of Contents 
PROJECT DESCRIPTION 3 ......................................................................................................................................

PROJECT PARTNERS 4 .............................................................................................................................................

RGH DATABASE OF CORALS AND MARINE ANIMALS ON KAUAI. 4 ...........................................................................
AI/ROR ON MONITORING CORAL TRANSPLANTS 4 ....................................................................................................

PROJECT PHASES 5 ..................................................................................................................................................

PHASE 1: BEST PRACTICES: ACQUISITION AND CREATION OF AI IMAGING LIBRARY. 5 .............................................
PHASE 2-OCEAN SURFACE DRONE 5 ...........................................................................................................................
PHASE 3-AERIAL DRONE 5 .........................................................................................................................................
DATA ASSET MANAGEMENT (DAM) 6 ...............................................................................................................
IMAGE FILENAMING SCHEME 6 .........................................................................................................................
TEST SITES 7 ............................................................................................................................................................
APPENDIX A. ILLUSTRATION AI/ROBOTS ON THE REEF PROJECT. 8 .......................................................................

Photogrammetric image capture procedures/best practices. 8 .............................................................................
APPENDIX B. CORAL REFERENCE IMAGES 9 ..................................................................................................
APPENDIX C.  CORAL TRANSPLANTATION (IN-PROGRESS) 16 ........................................................................
APPENDIX D. TIMELINE 17 ..................................................................................................................................

Conservation Metrics 19 .......................................................................................................................................
Esri™ 20 ...............................................................................................................................................................
Mission Blue “Hope Spots” 20.............................................................................................................................

Reef Guardians Hawaii-California CONFIDENTIAL PRELIM. DOCUMENT Author: Harry Rabin



  3

  

PROJECT DESCRIPTION 

There is a present need to accurately monitor the health of our reefs in a quick and efficient 
manner. AI/Robots on the Reef (AI/ROR) proposes to accomplish this through the use of 
intelligent drones and AI. The earlier a problem can be detected, the sooner a response can be 
mounted. A global database will be created to store species of corals unique to each proposed 
location. AI/ROR details the best practices for collecting Photogrammetric images and also 
provides the tools necessary to obtain them.  

 Reef Guardians Hawaii a 501c3 nonprofit, is working under grants from Manitou Foundation 
and Microsoft AI Earth, to create a platform to engage, educate, and enable researchers, citizen 
scientists, NGOs, universities, local and federal government agencies to effectively contribute 
imaging for AI platforms. The initial goal is to augment current manual practices which, at 
present, require multiple qualified personnel in the water doing transects, measuring, writing 
their observations, submitting these observations and awaiting final analysis and course of 
action. Reduced time and costs, frequent concise monitoring, and quick responses will become 
the norm for assessment of reef health.  

This is a “think local, act global” effort as it will first focus on individual  communities, 
enabling them to gain a better’ understanding of the behavior and distributions of their local 
reef coral populations. It will also allow communities to address potential threats to the overall 
health of the reef.  

AI technology is a very sophisticated arena and fortunately, companies like Microsoft have 
created platforms and services that overcome some of the greatest obstacles, such as processing 
power. Microsoft created aa cloud-based high performance data processing AI platform called 
AZURE which puts the necessary processing power for synthesizing AI-based imaging data in 
the hands of AI-based developers. This and other tools will be utilized to provide results in 
minutes, hours, and days instead of weeks, months and years. Eventually, near real time 
assessment of a reef’s health will be obtainable.  

By working with AI partners and developing our own AI tools, Reef Guardians and its partners 
in this project will pioneer best practices for obtaining useful data for AI . Our own AI based 
software will function solely as a testbed learning tool. The intention  is not to recreate the 
wheel ,but to integrate and leverage existing technology, hardware and software to obtain the 
goal.  AI/ROR will create the best practices for working with and leveraging sophisticated AI 
tools available from companies like iNaturalist and Conservation Metrics. 

 Readily available commercial technology, the robots aka intelligent drones, have been 
identified and will be initially utilized as “Proof of Concept” tools in the initial phases of this 
project. AI/ROR will gain momentum as these tools are inexpensive and off-the-shelf, making 
them easily obtainable for all involved. They will be the best tools moving forward.   
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PROJECT PARTNERS 
• Chasing 

• ESRI 

• Microsoft AI Earth  

• Manitou Foundation 

• On The Wave Productions 

• Powervision 

RGH database of Corals and Marine animals on Kauai. 

Reef Guardians has amassed an image database from 2010-2019 representing a complete 
history of  corals and coral diseases and marine fish and their diseases. It is an unprecedented 
library, thanks to the efforts of marine biologists, Dr. Greta Aeby, Dr. Thierry Work, and Terry 
Lilley. The library provides a reliable source of information for our project and the data 
contained within it is animportant baseline starting point for evaluating coral health within the 
scope of this project. 

AI/ROR on monitoring Coral transplants 

Coral transplanting is a growing industry and it will need to be closely monitored on a regular 
basis. AI/ROR is easily leveraged to efficiently and cost effectively observe the health of these 
newly transplanted corals. 

It is worth mentioning that RGH is presently investigating a collective global coral farming co-
op for the purpose of creating a large supply of juvenile corals that can be used in transplanting 
efforts on a global scale. The aquarium industry is an established source for growing and 
cultivating corals and could contribute a wide array of transplantable corals on a large scale. 
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Project phases 

Phase 1: Best Practices: Acquisition and creation of AI imaging library. 

Fourteen species/varieties of coral will be included in this initial AI database. 7500 
images will be obtained in Phase 1. The geometry and symmetry of each of these corals 
is quite different and obtaining data on each coral system provides a starting point for 
AI training. 
Image acquisition for AI library consisting of 7500 images covering 3 species of corals. 
The process of obtaining images will be led by marine biologist Terry Lilley and Harry 
Rabin. 

1. Anini Beach, Kauai, will be 1st Survey site. It was chosen based on following criteria: 
a. Access 
b. Previously monitored site for no less than 5 years 
c. Target corals for study exist: Mound, Cauliflower and Rice corals. 
d. Visibility 
e. Low recreation/tourism and commercial use of area. 

2. Image acquisition steps: For obtaining comprehensive image library for 14 coral 
species Refer to Appendix A and B. The objective is to shoot a minimum of 10 shots for 
each angle of view of the coral. Using the shoreline as reference to coral location, the 
following point of view shots will be taken from a 3 foot distance (with the exception of 
the above and below surface to reef establishing shots: 

a. 1 foot above ocean surface  

b. 1 foot below ocean surface  

c. Top, left and right views within 3 foot proximity of target corals  

NOTE: Same image acquisition will be repeated by drones in phase 2 and 3 of project. 

Phase 2-Ocean surface drone 
Drone will navigate by GPS to cover same areas of phase 1 study. Those images will be used 
for AI software recognition training. 

Phase 3-Aerial drone 

The aerial drone will fly the same designated course as the surface drone to obtain imaging for 
adding additional layer for AI software. Coastal erosion will be the primary focus of this data. 
As a coral reef declines, erosion of near shore environments is another tell-tale indicator of the 
overall health of the reef. 
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DATA ASSET MANAGEMENT (DAM) 
Image file naming convention and visual diagrams. 

GRID 1   .  3D Perspective of Grid  
Anini Beach location  With 1 sequence (FOV;field-of-view)acquired from 3 

locations within GRID 1.  

  

In the example above, GRID 1 represents the Anini test site. Each square in the grid is a” Location,” Lx. L1-L64 are 
seen here. When completed, the total amount of photogrammetric images acquired would be approximately 3750 
images.

IMAGE FILENAMING SCHEME 

Site.      Grid   Sequence  Location in grid 
Anini_  Gx_ Sx_  Lx 

1. Submerged surface over target  Filename: Anini_G1_S1_L1 
2. Submerged overhead   Filename: Anini_G1_S2_L1 
3. Submerged Left angle   Filename: Anini_G1_S3_L1 
4. Submerged right angle.   Filename: Anini_G1_S4_L1 
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TEST SITES 

1. Anini Beach, Kauai: All 3 types of corals; fringe, atoll, and barrier, along with 12 
species of target corals exist at this location. Excellent visibility and a shallow near shore 
reef system. All markers will be installed on ocean floor, See Appendix B.  

Marker 1: 22°13'30.00"N, 159°26'44.51"W 
Marker 2: 22°13'31.17"N, 159°26'44.24"W 
Marker 3: 22°13'30.81"N, 159°26'42.30"W 
Marker 4: 22°13'29.02"N, 159°26'42.36"W  

2. Tunnels Beach, Kauai: All 3 types of corals; fringe, atoll, and barrier, along with 12 
species of target corals exist at this location. Excellent visibility and a shallow near shore 
reef system. All markers will be installed on ocean floor. See Appendix B.  

 

GPS NAV Data: 
Marker 1: 22°13'37.97"N, 159°33'35.39"W 
Marker 2: 22°13'38.40"N, 159°33'31.05"W 
Marker 3: 22°13'37.06"N, 159°33'32.66"W 
Marker 4: 22°13'36.08"N, 159°33'32.52"W 
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APPENDIX A. Illustration AI/Robots on the Reef project. 

  

This diagram shows the overall perspective for gathering images to be interpreted by AI application. It also 
shows the coverage area of a manual acquisition vs. surface and aerial smart drones. The low altitude flying 
aerial smart drone coverage will collect data on a much larger area in a shorter time period, strictly to present 
a record of the target area.  

Photogrammetric image capture procedures/best practices.  

These are the images that will be used to train the AI software in recognition of initial 15 
species of corals. 

STEP 1. 1st shot overhead below surface: Make sure both laser beams are 
framed within the picture and record image.. This is the establishing shot 
for each area that is to be captured, as defined in steps 3-5.  

STEP 2. 2nd shot series: Overhead distance of approx. 3’ 
STEP 3 3rd shot series: 45º  (use 3’ PVC Monopod)  Left side distance of approx. 3’, 

frame to cover entire coral from subject. 
STEP 4. 4th shot series: 45º Right side angle distance approx. 3’. 
STEP 5. Repeat steps 2-4 until the area seen from surface shot has been covered 

then proceed to step 6.  
STEP 6. Move onto the next location in the grid and REPEAT ALL STEPS until 

the specified target sites have been completed. 
Note: Paralenz camera with dual green laser harness must be fully submerged. A low altitude aerial 

drone will be used to gather additional image training media for AI software, TBD. *Refer to APPENDIX 
A. 
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APPENDIX B. CORAL REFERENCE IMAGES 

IMAGE#.  Name Latin name; genus    
1. Antler Coral : Pocillopora eydouxi   

a. 5 to 130 feet deep 
b. Up to three feet across. 

  

   

2. Cauliflower Coral : Pocillopora meandrina 
a. 2 to 200 feet deep 
b. 14 inches wide  
c. No known Hawaiian name.  
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3. Finger Coral : Porites compressa 
a. pohaku puna 
b. 5 to 60 feet deep 
c. Huge entire coral reef beds can be all finger corals. Some isolated finger corals can 

grow 10 feet wide and five feet tall.  

 

   

4. Corrugated Coral : Pavona varians  
a. Corrugated Coral : Pavona varians  
b. 2 to 80 feet deep 
c. Encrusting coral usually grows at the base of other corals. 
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5. Lace Coral : Pocillopora damicornis 
a. 2 to 30 feet deep in protected areas  
b. 6 inches wide 

        

6. Ocellated Coral : cyphastrea ocellina 
a. 2 to 25 feet deep 
b. 4 to 8 inches wide 
c. Encrusting coral on float rocks 
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7. Hawaiian Branching Black Coral : Antipathes griggi  
a. 60 to 400 feet deep: Lives on cliffs and in caves 
b. Four feet wide 
c. Feathery Black Coral : Myriopathes ulex 
d. 60 to 400 feet deep.Live on walls and caves 

        
 
       

   

8. Blue Rice Coral : Montipora flabellate  
a. 2 to 20 feet deep 
b. 3 feet wide growing flat on the rocks 
c. In calm waters, these coralmay have pillars grown upwards to about five inches 
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9. Brown Rice Coral : Montipora capitata 
a. 2 feet to150 feet deep 
b. Encrusting on the reef and can grow ten feet wide. In calm areas, these coral can form a 

mound shape and also send pillars 24 inches upwards.  

  

  

10. Spreading Rice Coral : Montipora patula  
a. Encrusting flat coral is much more smooth then the Brown Rice Coral. Has purple 

polyps when exposed.  
i. 2 to 20 feet deep 

b. 6 feet wide 
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11. Lobe Coral : Porites lobaata 
a. Hawaiian name:pohaku puna 
b. Can form entire coral reefs.  
c. 10 to 60 feet deep  
d. Up to 20 feet wide 

      

12. Mound Coral : Porites evermanni  
a. Often found to mix with Lobe Coral to build a larger reef formation. 
b. 5 to 30 feet deep 
c. 3 to 5 feet wide 
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13. Plate Coral (Additional site such as Nualo’lo may be added for image acquisition) 
a. Occurs in plate-like structures that may have tall pillars that go upwards 24 inches. 

   

   

14. Porkchop Coral : Pavona duerdeni 
a. 20 to 30 feet deep in wave zone 
b. Can form entire coral reefs with heads 10 feet wide 
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APPENDIX C.  CORAL TRANSPLANTATION (in-progress) 
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APPENDIX D. TIMELINE 
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APPENDIX E. AI EARTH PARTNERS Creating the Global Community 

iNaturalist 

 i 

Reef Guardians Hawaii-California CONFIDENTIAL PRELIM. DOCUMENT Author: Harry Rabin



  19

Conservation Metrics 
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Esri™ 

  
ArcGIS is the heart of the Esri Geospatial Cloud and offers unique capabilities for applying location-based 
analytics, such as AI/ROR’s AI gathered data. ArcGIS makes the project accessible and interactive on a global 
scale. Its widespread use in the scientific and research community is unprecedented, as are its contextual tools, 
which provide the ability to visualize and analyze all collaborated data from AI/ROR as it grows. 

Mission Blue “Hope Spots” 

  
AI/ROR has access to 132 “HOPE SPOTS” to immediately expand the program after initial phase. 
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APPENDIX F. Photogrammetric camera & Ocean Surface WIFI Drone 

  
Paralenz laser setup 1 

  
Paralenz Laser setup 2-underwater 

  
PowerDolphin & Paralenz with dual green laser setup 2.
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