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Common types of field spectroscopy Clockwise from left: vegetation, estuarine, 
snow, underwater coral, and geological. Source  (Source: Rasaiah etal 2012) 



Which would you pick? 



Does this change things for your project? 

21st Sept 2013 Acquisition Date Unknown  

8 Fore optic degree Unknown 

25 Number of samples Unknown 

25 Dark current integrations Unknown 

10 White reference integrations Unknown 





Instruments 



Wendlandt 1968; ASD 1990 



PolyPen RP 400 

ASD FR 4 Hi Res 



Spectral Data Management 



Giving thought to the story of your research 
data 



Setting up your research design 

describe  

My 
data 

collect 

store  

share  



What’s your data 
management 
plan? 

• The Usual Stuff 
– My name, project title,  

project timing, project 
context, etc.  

• The Field Stuff 
– Sites, permissions, 

documentation, etc... 
• The Spectral Data Stuff 

– Instrument 
– Protocol 
– Generate data 
– How much data to 

generate 
– What do you expect to be 

able to do with it?  
 
 

 
      = RESEARCH OUTPUT 



Why? 

It saves time  



Encourages re-use 
 



Supports research 
integrity 

 



Adds value 



Nemesis of spectral data collections 

Collections of spectral data held in any random, semi-structured or 
static way, such as files and folders stored on personal computers 
or servers: 
- Undiscoverable 
- Non shareable 
- Void of context 
- Rapid decay of usability 

 
…… planning of sampling experiments, 

including the definition of sampling 
protocols, & adhering to a metadata 

standard 





Bio-optical data: Best practice and legacy datasets 
workshop  

 18 – 22 June 2012 
University of Queensland, Brisbane 

Report: http://www.aceas.org.au 
 

http://www.aceas.org.au


Spectroscopy User Info Sessions 

5/14/2018 



• Identified core metadata requirements for a number of 
different applications.  

• Considered a variety of methods to both exchange and 
store spectral data and tools to assist in summarising the 
completeness and quality of such datasets.  

• Agreed that with modifications, the SPECCHIO (Hueni et 
al 2009) software could meet international objectives for 
spectral data exchange and to promote best practice 
protocols. 
 
 

AUS-
SPECCHIO 





Protocols 

• Various methods developed by many in the past 
 

• Variability between different methods 
 

• International organisations such as CEOS WGCV 
LPV do not currently have a standard protocol for 
the validation of surface reflectance data.   
 

• to such efforts. 



https://www.researchgate.net/project/Validating-foundation-products-within-Digital-Earth-
Australia?discoverMore=1  

 



• nationally agreed field validation strategy  
• establishment of common guidelines for  

– site selection 
– sampling methodology including metadata and spectral 

reference standards collected in the field 
– training 
– traceable (to NIST) inter-calibration of optical equipment 

and reference panels 

• review 



Ben Dor, Eyal; Ong, Cindy; Lau, Ian (2014): Soil Reflectance Measurement Protocol. v1. CSIRO. Data 
Collection. https://doi.org/10.4225/08/5492635CD1F26 

• Detailed instructions/routines on how to measure 
laboratory soil reflectance systematically and 
accurately 
 

• Reproducible data of high quality.  
 



Vegetation - temporal 



 



Best Practice Guides (through 2013) 

 

Rasaiah 2014 



Spectroscopy Lifecycle Support  

http://qld.auscover.org.au/public/html/AusCoverGoodPracticeGuidelines_2015_2.pdf 





Spectroscopy data life cycle  
 

Chisholm & Hueni 2015 (in revision) 



5/14/2018 
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Why enter all that 
metadata? 
➜ Quantitative and 
qualitative 
interpretation! 
➜ Spectral in situ 
data without 
metadata is useless. 
(Hueni, all the time) 



• Documenting metadata underwater Source: (CSER, 2006)  



Rasaiah etal 2012 



Spend your research time analysing data 
instead of trying to find it on your file system 
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Spectral  
Files 

 
 
 
 
 

SPECCHIO Server 

SPECCHIO 
DB 

Data ingest: 
Either via SPECCHIO GUI, 
or if no reader exists, use 
our own implementation in 

Matlab or R 
 

Data Augmentation and 
processing: add metadata 

to spectra and apply 
spectral processing. 

Meta 
Files 

Data Analysis: easiest in 
Matlab/R 

 

S
elect/Insert 

Data Search: SPECCHIO 
GUI & Matlab/R work well in 

concert or stand-alone 



Case Study 
  
Spectral Database Containing 
Pigment Content in A Water Stress 
Experiment 
 

Hueni, A., Suarez, L., Chisholm, L.A., &  Held, A.  
(2018) The use of spectral databases for remote 
sensing of agricultural crops, in Thenkabail, Lyon, 
Huete (eds), Hyperspectral Remote Sensing of 
Vegetation, second edition, Volume II: Advanced 
Approaches and Applications in Crops and Plants. 



Histogram of the metadata space density after biophysical 
metadata augmentation.  

Ingestion of 12 
metaparameters 
 
lab-based chemical 
leaf data included 
linked by tree 
identifier 
 
Total of 24 
metaparameters per 
spectrum 



Histograms by biophysical parameter showing value ranges and number of 
spectra per value via Matlab / SPECCHIO Java API – including which 
spectra have a Lutein content above 10 µgrams/cm2 



  

Histograms by biophysical parameter showing value ranges and number of 
spectra per value for spectra with high associated Lutein content  - useful 
for comparison to entire dataset + visualising the variation of pigment 
content related to water stress. 



Averaged spectra color coded by mean Lutein concentration, demonstrating 
a generally low reflectance in the 400 nm to 700 nm range for high Lutein 
contents, and absorption in the visible in at the lower end of the range. 



Correlation analysis of Lutein concentration and two spectral indices calculated for all 
bands: upper triangle: simple band ratio (Rx / Ry), lower triangle: normalised difference 
index (Rx - Ry) / (Rx + Ry) – potential to estimate Lutein content from leaf spectra 
  



Correlation between reflectance factors and Lutein content –if Lutein is the pigment 
of interest, it is useful to know which wavelengths are highly related to Lutein 
concentration  



Summary  

Instruments, spectral data management, and protocols comprise 
a package of considerations when acquiring spectral data 
directed by research goals. 
 
• New instrumentation 
• Research data planning for spectral data acquisition 
• Evolving protocols 

 
Trends towards intelligent searching for data, but is only possible 
with metadata-rich datasets 
 
Need for streamlining protocols & improving scaleability to 
changing IT infrastructure 
 
Challenge is applying science to the (large) volume of data. 
  
 



  Case study demonstrates the potential of a spectral database 
system to address specific needs for an application, e.g. 
agricultural management.  
 
Such systems must be based upon data collection protocols 
and metadata descriptions that enhance data transferability 
within and among working groups.   
 
If conducted over time and compiled for a wide range of 
agricultural-related measurements over varying conditions ….. 

could become a tool as a source of data for hypothesis testing 
and validation.  
  
This approach opens the potential to apply machine learning 
techniques for prediction using large, quality-controlled 
datasets. 



Thank you … 


