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• We manufacture precision optical sensors for the ocean research community.

In-situ Marine Optics

DALEC
Autonomous Transecting 
Radiometer

USSIMO (Ed, Lu)
In-water Profiling 
Radiometers

µSPEC-LPT
Stand-alone logger for 
long term deployment

Hyperspectral Sensors 



• Multispectral and Single Channel Light Sensors/Loggers

In-situ Marine Optics

MS9-LPT
Stand-alone 9 Wavelength 
Light Logger

MS9
9 wavelength Irradiance 
and Radiance sensors

PAR
Photosynthetically 
Available Radiation 
Sensor



• Optical Backscattering Sensors

In-situ Marine Optics

SC3
3 wavelength backscattering 
and Fluorescence sensor Turbidity/Fluorescence

NTU and various FL combinations
SC6-LPT

Stand-alone 6 Wavelength 
Bb/Fl Logger



• Water Quality Sensors and Data loggers

In-situ Marine Optics

pHiDO
pH and DO sensor

CTD
CTD and 3 Channel data 
logger/power manager

DL3
3 Channel data 
logger/power manager
     -supports AC9, ACS,      
      Hydroscatt, etc.



In-situ Marine Optics

• Started instrument development 20 years ago.

• At that time, we were undertaking our research in the field of Ocean 
Colour Satellite Remote sensing.
• Matthew Slivkoff – Ocean Colour Remote Sensing of the Great Barrier Reef 

Waters.

• Wojciech Klonowski - Hyperspectral Remote Sensing Applied to Shallow 
Coastal Waters.

• We had a need for ground truthing radiometers. 



Sensor Development

Dynamic 

Above Water

Lt (Radiance)

Ed (Irradiance)

Collector

• Continuous Transecting 
Radiometer for Ocean Colour 
Cal/Val research.

• All-in-one system approach.

• 3 x Zeiss MMS1 
spectrometers  (Ed,Lu,Lsky).

• Internal Microprocessor.

• Integrated GPS and IMU.
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DALEC Evolution

2007 2010 2011 2024

• Compact Design
• Internal GPS

• Ruggedised Design
• Internal IMU

• Motorised collar
• RelAz tracking
• Internal Logging
• Rechargeable Li-Ion
• Temp sensors on each
      spec PD array

• Ethernet Comms
• Blackened Pixels
• Independent sampling
• Automatic GearPos cal
• Satellite Compass/GPS



Manufacturing Facility



Optics Lab

• Closely follow “Ocean Optics Protocols”

• Dedicated Optics Lab

• FEL Lamps & Reflectance Plaques

• Annual Lamp replacements (NIST traceable)

• Precision Power Supply (<0.01% Amp)

• Monochromator

• Goniometer

• Routine Power Supply Checks

• Working Lamp Standard Monitoring





Angular Response

• Irradiance: Ø10mm Fused Silica Diffuser
• Scattering from millions of tiny gas bubbles

• Goniometric measurements (Class-based)

• Cosine Error:
•  Typically, < 3% (0°– 65°) and < 10% (65° – 85°)

• Radiance: Quartz window
• FOV (in air) = ~ 5° - 10° (Full)



Spectrometer Electronics

• Zeiss MMS1 Spectrometer Module

• NMOS Array (40 blackened pixels)

• Current output type S3904

• Non-uniform countrate.

•
𝐴𝐷𝐶1

𝐼𝑛𝑡𝑡𝑖𝑚𝑒1
≠

𝐴𝐷𝐶2

𝐼𝑛𝑡𝑡𝑖𝑚𝑒2



Monochromator Scans



Integration Time Linearity

𝐶𝑅𝑖 =
𝑉𝑖−𝐷𝐶𝑖

Inttime+∆𝑡
 



Integration Time Linearity
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Linearity Correction

• 𝑘1𝑖 = 𝑑1𝑖 ∗ 𝑉𝑖 − 𝐷𝐶𝑖 + 𝑑0𝑖

• 𝑉𝑖  = signal counts, 𝐷𝐶𝑖  = Dark Counts

• 𝑑1𝑖=Linearity Correction Slope

• 𝑑0𝑖=Linearity Correction Intercept

• Corrected Count Rate (per pixel, i):
• 𝐶𝑅𝑖  = [ 𝑉𝑖 − 𝐷𝐶𝑖 /(Inttime + ∆𝑡)]/ 𝑘1𝑖

• ∆𝑡 ranges from 4.0 to 4.2 ms



Stray Light

• Zeiss Stray light Specifications:
• < 0.3 % (@ 310 nm, NaNO2 50 g/l)

• 1st order stray light correction is taken 
into account with radiometric 
calibration 

• A stray light correction matrix can be 
computed from the line spread of 
monochromator or tuneable laser 
measurements for further correction.



Irradiance Responsivity

• 1000W FEL Lamp @ 50cm

• Lamp and Occult measurements are 
continuously collected with varying 
Integration times

• [2,4,8,16,32,64,128,256,512,…] ms

• Repeated for 3 nominal DALEC 
temperatures (15, 24 & 36°C)  



Radiance Responsivity

• 1000W FEL Lamp @ 150cm

• Spectral Plaque viewed at 40°

• Lamp and Occult measurements are 
continuously collected with varying 
Integration times

• [2,4,8,16,32,64,128,256,512,…] ms

• Repeated for 3 nominal DALEC 
temperatures (15, 24 & 36°C)  



Temperature Correction

• Spectrometer temperature is 
taken from an NTC that is 
thermally bonded the S3904 
module.



Temperature Correction

• Linearity Correction 
applied to all data.

• 𝐶𝑅𝑖 vs Temperature 
shows wavelength 
dependency.
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Temperature Correction

𝑇𝐶𝑖=
𝐶𝑅𝑖

𝑇𝑒𝑚𝑝𝑐𝑜𝑖[T−𝑇𝑟𝑒𝑓]−1

 𝑇𝑟𝑒𝑓  = 24.0 °C



Irradiance Responsivity



Lamp Verification



Data Processing



Field Comparisons

• 2016 – 2017: IMOS “Radiometry Task Team” – David Antione (Curtin)



Field Comparisons

• Findings
• Field sensor temperatures up to 20 

degrees higher than in Lab 
calibrations. 

• Temperature-specific calibration 
minimised error.

• Differences in cosine response errors 
were highlighted in the time series 
data over the course of the day.

• Environmental conditions impacted 
the accuracy of comparisons against 
the SEAPRISM



Field Comparisons



Future OCR cal/char

• Investigate linearity correction 
coefficients vs temperature

• Automate stray light 
characterisation for each 
spectrometer module

• Polarization sensitivity 

• Evaluate new spectrometers 
modules



New Developments

• Miniaturise hyperspectral 
radiometers.

• Low self-shading

• ø 42mm x 170mm

• Rapid samplerate up to 50Hz

• Internal Logging (128GB)

• Rechargeable Li-Ion Battery

• No cables required

• Bluetooth BLE

nimoSPEC


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Sensor Development
	Slide 8: Sensor Development
	Slide 9: DALEC Evolution
	Slide 10: Manufacturing Facility
	Slide 11: Optics Lab
	Slide 12
	Slide 13: Angular Response
	Slide 14: Spectrometer Electronics
	Slide 15: Monochromator Scans
	Slide 16: Integration Time Linearity
	Slide 17: Integration Time Linearity
	Slide 18: Integration Time Linearity
	Slide 19: Integration Time Linearity
	Slide 20: Integration Time Linearity
	Slide 21: Integration Time Linearity
	Slide 22: Integration Time Linearity
	Slide 23: Integration Time Linearity
	Slide 24: Linearity Correction
	Slide 25: Stray Light
	Slide 26: Irradiance Responsivity
	Slide 27: Radiance Responsivity
	Slide 28: Temperature Correction
	Slide 29: Temperature Correction
	Slide 30: Temperature Correction
	Slide 31: Temperature Correction
	Slide 32: Irradiance Responsivity
	Slide 33: Lamp Verification
	Slide 34: Data Processing
	Slide 35: Field Comparisons
	Slide 36: Field Comparisons
	Slide 37: Field Comparisons
	Slide 38: Future OCR cal/char
	Slide 39: New Developments

