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3 Sensors: 𝐿𝑢, 𝐿𝑠, 𝐸𝑑



Influence from Boat and Crew

The ship’s hull and superstructures, including the 

persons on the boat…

• … may reflect a significant amount of light 

towards the water, spectrometer or diffusor panel

• … may cast a shadow on the area measured

• … may cover a significant part of the hemisphere 

seen by the Ed sensor when it is not mounted at 

the highest point

Solution: unmanned boat (USV) with a lower cross-

section
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Drift and Rotation

Due to wind and current, boats tend to turn or move 

During a series of measurements, this can cause 

inconsistent results due to

Unwanted rotation:

• changing measurement geometry

• casting shadows, sunglint

Unwanted movement:

• changing water body

• changing bottom type

• changing water depth

Solution: vehicle capable of holding position and 

orientation simultaneously and independently
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LimnoVIS: USV with Omnidirectional Maneuverability

• Remotely controlled or autonomous

• Onboard cameras with live view

• Equippable with many sensors:

oGimbal-stabilized optics

oSpectrometer with multiplexer

oCameras (above and below WS)

oEchosounder

oEnvironmental sensors

oWinch

oProfiler…

• Compact size: approx. 1.5 m x 1 m

• Precise RTK GPS (~1 cm)

• Positioning accuracy < 10 cm

• Can keep/change position and 

orientation independently

Rotation
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LimnoVIS: Measuring Rrs
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• Spectrometer: 350 – 880 nm, 

~1 nm resolution

• Optics for measuring Lu and Ls

can be set to an arbitrary off-

nadir/off-zenith angle

• Optics are gimbal-stabilized to

compensate for waves

• Ed can be measured by a 

dedicated optics with a cosine

corrector or via Lu optics and a 

reference standard

• 3 different reflectance

standards can be turned into

the Lu light path
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LimnoVIS Configuration Example

Equipment for above

water spectral

measurements:

• Front and rear gimbal

with optics, spectralon, 

camera etc.

• Housing with

spectrometer and 

fiberoptical switch 

(multiplexer)
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Measuring Bentic Reflectance

Common methods and their disadvantages:

• Diver with UW spectrometer:

− costly

− additional logistics

• UW spectrometer on cable:

− Low spectral resolution

− No illumination

− Bulky setup

• Sediment grabber + measurement in air:

− Disturbed sample

− Undefined effects of measuring in air instead of water

Photo: N. Pinnel

Photo: M. Guerra Motta
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LimnoVIS with Profiler

Measuring benthic reflectance 

• Minispectrometer: 350 – 880 nm, ~1 nm 

resolution

• Lu measured in nadir direction

• Ed measured via diffusor panel

• Halogen lamp for active illumination 

including the red and NIR

• Laser distance sensor for correcting water 

column

• Live view camera for supervising 

measurement and for documentation
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Profiler

• Mounted on a winch with 30 m cable

• Benefits from position holding capabilities 

of LimnoVIS

• Green laser rangefinder for measuring the 

distance to the bottom (< 1 cm)

• Additional LED illumination for photos

• Logging of temperature profile for better 

echosounder precision
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LimnoVIS Configuration Example

• Above water spectral

measurements

• Winch with profiler for measuring

benthic reflectance

• Echosounder for bathymetry

validation

• Downlooking subsurface camera

for shallow water bottom type 

mapping
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Summary

• New type of vehicle, optimized for 

synchronous above and under water spectral 

measurements

• New method for measuring benthic reflectance

• Live-view supervision and photo 

documentation of measurements

• Modular concept for easy integration of 

different equipment (cameras, echo sounders, 

environmental sensors, etc.)

• Compact size

• 2022: Finishing software for sensor control and data storage

• 2022: Add sub-surface optics for optical closure experiments

• 2023: First application for satellite validation at Lake Constance

• 2023: Project Triquetra: photogrammetric mapping of a shallow-water cultural heritage site at Lake Starnberg

Outlook
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Additional slides
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1 Hulls

2 Thrusters 

3 Frame

4 Electronics

5 GPS Antenna

6 Data Antennas

7 Navigation Camera 

8 Ls and Ed Optics (Cosine Corrector)

9 Ls and Ed Gimbal

10 Lu and Ed Optics (via Spectralon)

11 Changeable Reflection Standards

12 Camera for Documentation

13 Lu and Ed Gimbal

14 Spectrometer with Multiplexer

15 Winch for Profiler

16 Profiler with Spectrometer and 

Camera

17 Echosounder

18 Underwater Camera



LimnoVIS: Measuring Rrs
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• Wind and current
cause a drift

• Motors generate a 
thrust vector that
compensates for drift

and simultaneously:

• Motors always keep
the boat in the desired
orientation for
measurement
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