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Part III.      Live color correction

1. Histogramm equalization
2. Retrieving the red photons
3. Live color correction algorithm
4. Examples
5. Limitations

Part I.      The KOSMOS project

1. The STAVIRO protocol
2. Scientific objectives
3. The KOSMOS lander
4. An Open Source system
5. A citizen science project

Part II.      The KOSMOS lander

1. Focus on the video casing
2. The Picam HQ
3. First results
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I.1 The STAVIRO protocol

STAtion VIdeo ROtative

•HD Camera + 60° underwater field of vue

• 60° rotation every 30 seconds

• 3 rotations in 9 minutes = 1 station

• Sits on the seabed

•No ligth, no bait

https://repository.oceanbestpractices.or
g/handle/11329/1939



I.2 Scientific objectives

1 system 
4 days

40 stations 

Summer 2024 
Mer d’Iroise survey

1 station = 9 minutes of panoramic video

Biodiversity
health indicators

Habitats and Fauna

Abundance &
species diversity of

vs

Anthropic pressures
Protection policy



I.3 The KOSMOS lander

Kit d’Observation Sous Marine Open Source

Open Source Underwater Video Lander

Battery
casing

Motor
casing

Video
casing

Protection cage

Tripod

Rigging



Website: kosmos.fish

• Sourcing
• 3D plans
• Assembly guide
• Only requires Fablab tools !

How to make your own KOSMOS !

GitHub : Embedded software

Wiki KOSMOS
• Field Data Collection
• Stations Map

I.4 An Open Source system



I.5 A citizen science project

Makers

Numerous

qualified data
Website
ReadTheDocs
Github

Documentation

Accessible 
material
Fablab tools

Low-Tech

Citizen
protocol Trained

citizens

Citizen deployment guide

STAVIRO protocol



II.1 Focus on the video casing

GPS + Real Time Clock
Depth & Temperature Sensor

Requires 5V power supply

Controls the motor

Kosmos
HAT

Made in Fablab

Real Time 
Clock

Double camera 
portRPi 5

USB 
storage

4mm Fixed Focal Length 
Lens

Picam HQ

Buzzer

GPS



I.2 The Picam HQ

~60 €
Sony IMX477

RGB
Resolution 12,3 MP
Pixel size 1.55 µm
Capteur size 1/2.3’’
2028 × 1080p50

C/CS mount

Rolling shutter

https://datasheets.raspberrypi.com/ca
mera/picamera2-manual.pdf

libcamera-based
Python library

https://datasheets.raspberrypi.com/camera
/raspberry-pi-camera-guide.pdf

• Easy Python implementation
• Open Source
• Fine Tuning
• Active community of developpers

(Global Shutter also
available IMX296)





Post-processing ?

Live correction ??

Native Automatic White Balance algorithm
→ Not adapted to underwater imaging

Green and Blue much too prominent
Unstable correction



RGB channels histograms

Too much Green and Blue
Not enough Red

Histograms centering &
Contrast adjustment

Contrast parameter,
typically 3

RGB channels histograms

III.1 Histogram Equalization Post-processing



Spring 2021,
Concarneau bay

Atlantic ocean



Is it possible to do 
a live correction ?



I.2 Retrieving the red photons

Light penetration depth in water
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Removing
the IR 
filter !



+ 1 frame 
every 4 ms

(24 fps)

video.h264

HE target:
1,1

PiCam.RedGain
PiCam.BlueGain

Computation of the 
new ColourGains

ColourGains
update

I.3 Live color correction algorithm

Every 10 s
capture of 1 frame

Histogramm Ratio Red/Green
Ratio Blue/Green

Average Red channel
Average Green channel
Average Blue channel

Wait 5 frames…
Do it again until
the target is reach



+ 1 frame 
every 4 ms

(24 fps)

video.h264

Histogramm Ratio Red/Green
Ratio Blue/Green

PiCam.RedGain
PiCam.BlueGain

Computation of the 
new ColourGains

ColourGains
update

I.3 Live color correction algorithm

Average Red channel
Average Green channel
Average Blue channel

HE target:
1,1

Does it work ?





Conclusions & Perspectives

Very useful to human operator
to distinguish between

Red Green and Brown algae

Native Picam algorithm Custom HE algorithm

Histogram equalization method is
NOT based on a physical model

Color restoration is much
more complex

…depends for instance on 
object/camera distance

Possible to do 
underwater imaging with

Low Tech cameras !

For live color correction:
- removing infrared filter
- implementing HE algorithm

- Stereo vision
- Ambient light sensor
- Calibration with color test card



Thank you for 
your attention !

3500 New-Caledonia
300   Mediterranean Sea
200   South Finistère
50     Iroise Sea

If you need underwater videos, we have a lot !

A final message:


