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Outline
● Background
● Functional Requirements 
● Concept Overview
● Optical Design
● Electrical Design
● Mechanical Design
● Risks and Mitigation

Lab Multispectral System
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Background

 LASS and ROV Transects:
 Distribution and Environment and Topo Influences 

on assemblage distribution 

 MegaCoral Camera
 “Colony Scale” coral polyp behavior in the context 

of environmental and biological factors

 Current Coral Imaging Efforts
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Background

 MacroCoral Camera
 Individual polyp behavior and reproduction

 Current Coral Imaging Efforts
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Background  Motivation
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Background
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 Motivation

● Reproduction
○ Delineation and quantification of 

gametes
○ Delineation of eggs from spermatozoa 

● Coral “Health”
○ “Degradation” (similar to previous 

studies)
○ Non invasive proximate analysis (eg. 

fat, moister)

● Identification
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Functional Requirements
ROV Multispectral Camera (V1)  Functional Requirements 

1. Image on the scale of the relevant coral biological structures of interest (10’s of um)
2. Have a FOV large enough to image groups of coral polyps (cm’s)
3. Possess the ability to focus and zoom
4. Provide direct color LED illumination at multiple wavelengths
5. Steam live images to a surface vessel
6. Provide real time multi-spectral image renderings
7. Record data on an external recorder on a surface vessel
8. Operate to a depth of 4000m
9. Be compatible with existing ROV power and comms

10. Be deployable on a manipulator arm of a ROV
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Lab Prototype
● Proof of concept
● Workflow development
● Lab validation

○ What kind of information? etc

● Lab or deck-based studies
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Lab Prototype - system diagram

Camera:
Alvium 1800 

U-2460m 

Lens:
Fujinon CF16ZA-1S

● Focal length set 
during assembly

● 25 MP monochrome
● Max 17 fps 
● Global shutter

LED Ring

● 8 colors x 10 each
● uC: SAMD21
● C++ code: turns on 

LEDs on command
Computer

Wall Power 
Adaptor

10 - 36 V

USB-C
● camera data
● power

● Python code
● “Streaming” mode, “save all”
● Exposure times, gains set in 

code
● Code is specific to this camera

Est current when flashing LED: 
1.5 - 2A @ 11.5 V
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● Current setting:
○ Objects in focus ~16 cm away from viewport
○ FOV ~5 x 6 cm; resolution ~11 um/px 

Serial
● cmds, responses

TTL
● trigger, ready
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Lab Prototype - in-air results
● Teflon sheet: near-even reflectance across spectrum
● Normalize images to (mostly) remove non-reflectance factors in pixel intensity

○ Exposure, gain, post-processing
370 nm 405 nm 450 nm 517 nm

660 nm 730 nm 850 nm 940 nm
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Design Approach
● Reuse designs from EyeRIS 

○ Titanium housing and viewport
○ Imaging lens and lens control
○ Vehicle interface

● Reuse designs from Chiton
○ Potted LED strobes
○ Illumination geometry

● Add multispectral illumination using 
design from lab instrument

Chiton

EyeRIS
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Optical Design
● Spectral coverage and LED selection
● Camera Selection
● Lens Selection
● Multispectral Strobe Design
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Spectral Absorption in Seawater

Visible 
Light

14

Data from: https://omlc.org/spectra/water/abs/index.html
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Spectral Absorption in Seawater

Visible Light
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Data from: https://omlc.org/spectra/water/abs/index.html
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LED Selection
● Direct color LEDs in the range 370 

to 950 nm
● Reuse LEDs from lab system 

design
● LedEngin and Luminus
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Camera Selection
● High resolution to enable 

pixel sizes in object space 
on the order of 10 - 30 um 
over the field of view

● Large pixel size (4.6 um) to 
work with EF mount lens

● High speed to allow 
multiplexing of spectral 
channels

● Emergent Vision Tech fiber 
camera 

SFP28 Fiber 
interface

Power / GPIO
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Lens Selection
● EyeRIS design reuse

○ Canon 70-200 EF mount lens
○ Birger Canon lens controller (Focus and 

aperture)
○ 3D printed zoom-gear with stepper 

motor
○ Canon 500D or 250D diopter to reduce 

minimum working distance to 10-30 cm 
in water

○ Target field of 3-10 cm at 30 cm in 
water, 6 to 20 um pixel size
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Multispectral Strobe Design
● Chiton design reuse

○ LED board with heatsink potted in 3D 
printed shell with Epoxacast 690

● LED board will will have LEDs, 
address decoder, and N-FET 
switches

● Assembly will be potted in 
Epoxacast 690 and pressure tested 
to 6000 psi

● No reflector will be used/needed 
simplifying assembly

19



DiSCO (901904) Multispectral Camera Design Review Date: 10/16/2023 Rev A.

Mechanical Design
● 4000 m Titanium 

and BK7 viewport
● Based on EyeRIS 

design
● “Modular” lens 

housing to allow 
changing lenses 
without complete 
housing redesign

Lens 
Housing

Camera / 
Interface 
Housing

Dual-bore seal 
interface

NBK7
Viewport
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Canon Lens EF Mount 
Controller

Camera PSU
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Electrical Design
● Universal AC and DC input 

with Meanwell 90W PSU
● Reuse most of EyeRIS 

controller but integrate onto a 
single PCB

● Update Chiton strobe design 
to enable 8-wavelength 
control

● Standard ROV high voltage  
interface with 100 Mbit 
ethernet

Camera / Control / Lens

J-boxLED 
Puck

LED 
Puck

ROV 

SM Fiber 25G
ST-DRY 

HV Power / Net
MINK10/L 

10X LED Pucks 
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Electrical Design: Camera / Control

IRM-90 PSU
80 ~ 305VAC 

113 ~ 431VDC

Control Board
Pi Pico

24V -> 5V
24->12 V

THP sensor
Power Path Switching

CameraLens

Strobe Energy 
Board

Tx 1350
Rx 1370 

ST-DRYColorcube 
mux

MINK10/L

MINK8/L

SM Fiber 

High Voltage 

24V 

24V 

100 Mbit
Ethernet 

To ROV 

To ROV 

To strobe 
J-Box 

12V 
Stepper
Control 

Strobe
Control 

24V 

Strobe
Control 

Trigger 
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Electrical Design: Strobe Energy

Current 
Limiter 3A 

max 
(TPS2663x)

24V 

GPIO LED 
Select and 
control

Capacitor Bank
10 mF (based on 

Chiton strobe)

Opto-Isolators
(TLP281-4)

GPIO EN
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Electrical Design: Strobe J-Box (Oil-filled)

24V 

GPIO LED 
Select (4 bits) 

DISABLE  

Opto-Isolators
(TLP281-4)

Return 

LED Puck 
addr. decode
(HEF4028B)

High and Low Side
FET Switches

Disable Latch
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10X Circuits
One per port 
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Electrical Design: LED Puck

GPIO LED 
Select (4 bits) 

24V 

LED addr. 
decode

(HEF4028B)

Return 

1

2

3

4

5

6

7

8
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500 mA 
Current 
Source

(LT3083)
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Risks and Mitigation
● LEDs not pressure tolerant

○ Revise housing to have air gap between LEDs and epoxy
○ Use 1-atm design at increased cost and size

● Vehicle and/or manip vibration creates too much motion between spectral 
channels

○ Place system on beanbag mount similar to Optim deployment
○ Go to higher frame rate camera (100 fps) at increased cost
○ Design stand with pan and tilt control to be placed near target and operated remotely

● Charged capacitors cause shock risk during service
○ Make sure caps have bleed resistors so they don’t stay charged
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