
MC-2 and joint working group workshop

Overview on existing protocols 
for vegetation monitoring

Dr. Laura Mihai

Photonic Investigations Lab. - Center for Advanced Laser Technologies, 
National Institute for Laser, Plasma and Radiation Physics, Romania

COST is supported by the

EU Framework Programme 

Horizon 2020



SHORT OVERVIEW

WG3 Objective 3.1 To provide homogenized protocols and methods for synergistic 
use of multi-sensor approaches.

Today →State of the art for:
(i) sensor calibration and characterization

(ii)sensor employment 

(iii)data fusion



VEGETATION MONITORING
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!!!! NEED TO KNOW UNCERTAINTIES FROM EACH 

INPUT DATA →DETERMINE THE RELATIVE BIASES 

BETWEEN SENSORS RESPONSE 



MEASUREMENTS TRACEABILITY
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SENSOR CALIBRATION AND 
CHARACTERIZATION

Establishing metrological traceability for radiometric calibration of earth observation sensor in Malaysia. Available from:

https://www.researchgate.net/publication/309593558_Establishing_metrological_traceability_for_radiometric_calibration_of_earth_observation_sensor_in_Malaysia

CAL/VAL 

Radiometric

Performances

-Signal to noise ratio

-Absolute radiometric accuracy

-Polarization sensitivity

-Stray light sensitivity

Spectral performances

- Spectral sampling interval (SSI)

- Spectral resolution (SR)

- Spectral coregistration (smile)

Geometric 

Performances

- Spatial sampling

Spatial 
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https://www.researchgate.net/publication/309593558_Establishing_metrological_traceability_for_radiometric_calibration_of_earth_observation_sensor_in_Malaysia


SENSOR CALIBRATION AND 
CHARACTERIZATION
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UNCERTAINTIES ANALYSIS GUIDELINES

The steps to an uncertainty budget:

• Understanding the problem

Step 1: Describing the traceability 

chain

Step 2: Writing down the calculation 

equations 

Step 3: Considering the sources of 

uncertainty 

• Determining the formal 

relationships 

Step 4: Creating the measurement 

equation 

Step 5: Determining the sensitivity 

coefficients

Step 6: Assigning uncertainties 

• Propagating the uncertainties

Step 7: Combining and propagating 

uncertainties

Step 8: Expanding uncertainties 



PROTOCOLS FOR SIF MEASUREMENTS

Optimise papers → protocols for SIF measurements

• Paper 1: Sun-induced chlorophyll fluorescence I: Instrumental considerations for proximal
spectroradiometers

• Paper 2: Sun-induced chlorophyll fluorescence II: Review of passive measurement setups, protocols
and their application at leaf to canopy level

• Paper 3: Sun-induced chlorophyll fluorescence III: benchmarking retrieval methods and sensor
characteristics for proximal sensing



Paper 1
→instrument 

characterization 
PROTOCOLS FOR SIF MEASUREMENTS

Steps:
→ Simulation of a typical field spectroradiometer used for
retrieval of SIF in O2-A and O2-B absorption bands.

→ Sensor characterization → signal changes to different
environmental variables (e.g., temperature, θs…) or the
sensor configuration.

→ Were determined the calibration coefficients → propagating
the uncertainties in the process.

Aims to provide a better understanding on some possible instrumental sources of error on the retrieval of SIF,
more specifically for the latest generation sensors available and on a single SIF retrieval method adapted to
their features.



PROTOCOLS FOR SIF MEASUREMENTS

• Spectral Calibration Uncertainties

• Temperature-Induced Spectral Changes

• Radiometric Calibration Uncertainties

• Temperature-Induced Changes in Photoresponse

• Non-linearity

• Directional response characterization
Chamber temperature effects on central position of the
spectral band. Blue dots represent observations, whereas
Biharmonic interpolated values are represented with
surfaces.

Paper 1
→instrument 

characterization 



PROTOCOLS FOR SIF MEASUREMENTS

Review the current approaches to measure F from leaf to canopy scale from ground based and
airborne platforms: instrumentation, measurement setups, protocols, quality checks and data
processing strategies.

Paper structure:

→Review on measuring F on:

→ the leaf level: setups and protocols

→Canopy level: setups and protocols used from the proximal to the airborne scale

→Current approaches to open challenges of F estimations from proximal to airborne scale:
atmospheric influences (at different altitudes), data quality check (before analysis), metadata
documentation, influence of the spatial measurement scale, development of computer models for
radiative transfer of fluorescence

Paper 2
→ measurement 

setups and 

protocols 



Paper 3

Paper is divided in two section:

• most commonly used retrieval methods and outline their advantages and
disadvantages → evaluation of uncertainties in SIF retrievals (i.e. FLD approaches
and Spectral Fitting Method, SFM) for a combination of state-of-the-art
spectrometers (i.e. ASD, MAYA, HR4000, QE Pro).

• sensitivity analysis including used simulated dataset and methodology to benchmark
the performance of the retrieval methods under different sensor characteristics→
evaluation of effects when the retrieval methods are implemented in a wrong way
and the increase of uncertainty when retrieving SIF

Paper 3
→ retrieval 

methods

Guideline on how to pre-evaluate possible SIF retrieval accuracies for FR (F emitted at the red region of

the spectrum) and FFR (F emitted at the far-red region of the spectrum ) considering the characteristics of

novel instrumentation (i.e. SR, spectral sampling interval (SSI), signal-to noise ratio (SNR)) in combination

with frequently applied retrieval schemes (i.e. sFLD, 3FLD, iFLD, and SFM).

Down-welling irradiance (E↓, black line) at ground level and Solar-induced
chlorophyll fluorescence spectrum (red line). Maximum value of fluorescence at
685 nm (maxF685) and 740 nm (maxF740). Sun-induced fluorescence at the O2B
(F687) and O2A (F760) absorption bands



SENSORS EMPLOYMENT



DATA FUSION PROTOCOLS

overview on hyperspectral sensors for plant

disease detection from the laboratory to the

field



→ establish standard procedures for the acquisition of plant

spectra in the field, based on a number of solid bases for any

plant type, but also including flexible procedures depending

on the type of plant considered (i.e., forest, shrub, pasture).

→ One of these solid bases for the protocol is to estimate inter-

species spectral similarity and intra-species variability by

accounting for environmental gradients and phenological

changes.

→ To demonstrate the usability of the protocol→ a practical

example

DATA FUSION PROTOCOLS



DATA FUSION PROTOCOLS



PROTOCOLS FOR EXPERIMENTS



INTEREST IN MULTI-SENSOR USE




