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Product Validation 
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EARS-VIIRS Products 

• 5 high resolution Imagery bands (I01-I05) 
• 16 medium resolution Imagery bands (M01-M16) 
• Day/Night Band  
• Geolocation Information (GMODO, GMTCO, etc.) 

 
• L0: Raw Data Records (RDR) 
• L1: Sensor Data Records (SDR) 
• L2: Environmental Data Records (EDR) 
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EARS-VIIRS processing chain 
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CVIIRS Highlights 

Limited dissemination bandwidth in EUMETCast: 
• Reduction of the data size with the objective to retain the 

information from the original SDR data sets as much as 
possible 

• Conversion of all Floating Point values (32 bit) to 
unsigned 16 bit Integers 

• Removal of Reflectances and Brightness Temperatures 
• Geolocation data reduction by using a tie-point grid 
• Details: Compact VIIRS SDR Product Format User 

Guide (EUM/TSS/DOC/13/708025) 
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Product Validation Approach 

• Data Format Validation 
• Data Content Validation 

 
 

1. Comparison of the structure,  
metadata and data content of the  
locally received files before compression (local set) with the corresponding 
files after re-construction from the compressed format (reconstructed set). 

2. Comparison of the structure, metadata and data content of the reconstructed 
locally received files (reconstructed set)  with their global counterparts (global 
set). 

3. As any difference between the local files before compression and the global 
counterparts would lead to differences in 2. above, a comparison of the 
structure, metadata and data content of the locally received files (local set) 
with their global counterparts (global set) was provided as well. 
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Product Validation Approach, cnt’d 

• Limitation: focus on consistency between the products 
from the EARS-VIIRS service and the global products 
provided by NOAA; no validation of the accuracy of the 
product calibration  
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Product Validation Approach, cnt’d 

• One granule (85.6s) over northern Africa and over the 
Mediterranean  

• 27/08/2014 at 12:30:59 
• Locally received at Lannion 
• GMODO File (Geolocation) 
• 16 M-Band Files SVM01..SVM16 
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Structure/Format Comparison 

The differences in data structures are 
obtained by a tool – developed by 
EUMETSAT: 
• Walks through the hierarchy of two HDF5 files, 
• dumps the content to text, and  
• compares the text with each other. 
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Example: Output Comparison Tool, Structure 
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Example: Output Comparison Tool, Structure 
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Product Format Validation: Results 

• Because two different processing packages are used, 
differences are expected for the metadata like @Distributor, 
@N_Dataset_Source, @N_Algorithm_Version, @N_Software_Version. 

• Dynamically created and used attributes are expected to be 
different in the two files:@N_HDF_Creation_Time, @N_Reference_ID, 
@N_Input_Prod. 

• Some unexpected differences between the local and global 
products were communicated to the provider of the local 
processing package and satisfactorily explained. 

• The only differences introduced by the EARS-VIIRS compacting 
tool (CVIIRS) are related to the dynamic creation of attributes. 
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Data Content Comparison 

The differences in data contents are obtained by 
a tool – developed by EUMETSAT: 
• Walks through the hierarchy of two HDF5 files,  
• Collects statistical values for each data array by 

• subtracting each array element in the 2nd file from 
the corresponding array element in the 1st file;  
• statistics are thus built over the arrays of 
differences.  
• Fill values are not considered for the statistics, i.e. 
are masked. 
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Example: Output Comparison Tool, Data Content 
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Example: Output Comparison Tool, Data Content 
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Product Validation Results, Content 

• Data Content Comparison: 
• The data of local and global products  

match almost perfectly. 
• The radiance data of local and  

reconstructed products are identical 
(for original integer bands) 
or nearly identical (for original  
floating point bands). 

• CVIIRS Reconstructed Reflectances  
and Brightness Temperatures well  
within Instrument SNR/NEDT. 
 

Channel
SNR/NEDT
specified

SNR/NEDT
calculated

1 316 3017
2 409 1578
3 414 3401
4 315 11201
5 360 3489
6 199 2770 *
7 340 7600
8 74 27821
9 83 326

10 342 14912
11 10 13718
12 0.396 0.01067
13 0.423 0.01326
14 0.091 0.00146
15 0.07 0.002894
16 0.072 0.001772

* Channel 6 ambiguity, see next slide(s) 
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Product Validation Results, Content, cnt’d 

• Data Content Comparison/GMODO: 
• The data of local and global products match almost 

perfectly.  
• The data of local and reconstructed products match very 

good for the Latitude/Longitude information (lat differences 
of ~ 0.7 m and lon differences of ~ 1 m positional accuracy 
for the region under observation; compared to lat differences 
of ~ 0.001 m and lon differences of ~ 0.001 m positional 
accuracy for the region under observation in the local vs. 
global product). This is well within the orbit and attitude 
determination accuracy. 

• The data of local and reconstructed products match good  
(RMSE < 0.0009 °) for the angular information in Satellite-
/Solar - Azimuth/Zenith Angles. 
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Product Validation Results, Content, cnt’d 
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Product Validation Results, Content, cnt’d 
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Product Validation Results, Content, cnt’d 
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Product Validation Results, Content, cnt’d 

• Channel 6 issue: 
 
 
 
 
 
 

• The ambiguity cannot be reconstructed by the deterministic algorithm of the 
CVIIRS tool. 

• Ambiguous values are flagged, though, via quality flags (e.g. saturated or 
radiance out of range). 
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Channel 6 issue 

 “SVM06 has some unique challenges on S-NPP. There is “saturation rollover” 
occurring, meaning that as the observations meet and exceed saturation, the 
digital count values actually go down, leading to ambiguous counts to radiance 
occurring. 
 

This ambiguity begins when you reach radiance values of 41 W/(m2/ster/micron). 
It is our understanding that you should be able to identify these cases when the 
SDR QF1 flag = 65 (1000001) – Radiance data out of range.” 
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Channel 6 issue 

• Reflectances differences if filtering out the extreme reflectances. 
• Disregarding the ambiguity of reflectance values, the reconstruction of the reflectances data of the 

reconstructed product are, compared to the local data, well within the specified instrument SNR of 
199.  

• For the analysed data set an additional theoretical SNR of 2770 can be calculated, which is 
introduced by the compacting and decompacting process of the CVIIRS tool. 

• The observed differences are insignificant 

. 
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Product Validation Results, Content, cnt’d 

• Channel 12 issue: 
 
 
 
 
 
 

• For reconstructed values at the high end of the dynamic range (e.g. 65527) the 
error in the reconstructed values is significantly higher than average. 

• The reason is the chosen fixed conversion factors which are determined by 
theoretical analysis rather than analysing the present values. 

• Those values are flagged, though, as being saturated. 
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Summary of the Product Validation 

• Format check 
• HDF5 structure comparable / nearly identical to original product 
• The observed differences in structure of the product result mainly from the differences between local and global 

products, i.e. caused by the two different processing packages. 
• While the products resulting out of the local and global processing are not identical, the observed differences do not 

preclude from using the local products. 
• The only differences introduced by the EARS-VIIRS compacting tool (CVIIRS) are related to the dynamic creation of 

attributes. 
• Contents check 

• Lossy compression 3x better than SNR/NEDT 
• The data of local and global products match nearly perfectly.  
• The radiance data of local and reconstructed products are either identical or well within the specified 

instrument SNRs. 
• The differences are explained by the conversion of the original 32bit floating point to an internal 

representation as 16bit unsigned integer within the compact format, and converting back to 32bit floating 
point. 

• The reconstructed reflectance data of the reconstructed product are, compared to the local data, well within 
the specified instrument SNRs or NEDTs. 

• Issues 
• All Issues explained by CSPP provider (SSEC). 
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Summary of the Product Validation, cnt’d 

• Geolocation data check 
• Geopositional accuracy 3x better than orbit and attitude determination 

accuracy 
• The geolocation data of local and global products match nearly perfectly.  
• The data of local and reconstructed products match very good for the Latitude/Longitude information (lat 

differences of ~ 0.7 m and lon differences of ~ 1 m positional accuracy for the region under observation; 
compared to lat differences of ~ 0.001 m and lon differences of ~ 0.001 m positional accuracy for the region 
under observation in the local vs. global product). 

• The data of local and reconstructed products match good (RMSE < 0.0009 °) for the angular information in 
Satellite-/Solar- Azimuth/Zenith Angles. 

• The Height values are not stored in the compact format and thus cannot be reconstructed. 
• Intentionally left out based on discussions with users and as defined in the Compact VIIRS SDR Product Format User Guide, but may be 

considered to be included later if relevant. 

• The SatelliteRange values are not stored in the compact format and thus cannot be reconstructed. 
• Intentionally left out based on discussions with users and as defined in the Compact VIIRS SDR Product Format User Guide, but may be 

considered to be included later if relevant. 
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Operational Monitoring 

 
 
 
 

Operational Monitoring 
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Operational Monitoring, online 

• Online monitoring via GEMS and SMART, 
cf. presentation of Ester Rojo “Operational 
implementation of Suomi NPP regional 
services at EUMETSAT” 

https://dmtool.eumetsat.int/cs/idcplg?IdcService=EUM_GET_FILE&dRevLabel=1&dDocName=800017
https://dmtool.eumetsat.int/cs/idcplg?IdcService=EUM_GET_FILE&dRevLabel=1&dDocName=800017
https://dmtool.eumetsat.int/cs/idcplg?IdcService=EUM_GET_FILE&dRevLabel=1&dDocName=800017
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Operational Monitoring, offline 

• Offline Monitoring 
• CHART/MPSTAR 
• Prototypically implemented 

 
• Operational comparison of local vs. global 

products, based on statistics 
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Offline Monitoring, Architecture 
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Offline Monitoring, Example (CHART) 

 

Offline Monitoring 
(CHART/MPSTAR) 

Prototypically 
implemented 
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Questions 

 
 
 
 

Questions? 
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VIIRS Overview 

• VIIRS: Visible Infrared Imaging Radiometer Suite  
• Instrument on-board Suomi NPP, launched 28/10/2011 
• Scanning radiometer, visible and infrared bands 
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Example: Results SVMxx 
Observations Explanations 
Because two different processing packages are used, differences are 
expected for the metadata like @Distributor, @N_Dataset_Source, 
@N_Algorithm_Version, @N_Software_Version. 
Dynamically created and used attributes like 
@N_HDF_Creation_Time, @N_Reference_ID, @N_Input_Prod are 
expected to be different in the two files. 
The local product references the GMTCO file as the @N_GEO_Ref, 
while the global product references the GMODO file 

Angle ranges and geographic positioning information exhibit 
differences in the accuracy of the values which are deemed 
insignificant (<0.1%). 

“The difference can be explained by the use of a different set of packing 
tools in the JPSS Algorithm Development Library (ADL) used by CSPP 
versus the Mx8.x IDPS code base. 

The science routines used by both are identical; it is only the packing and 
unpacking routines that are slightly different.” 

@N_RSB_Index is 0 in the local product and 6 in the global product. “We cannot find a reason for the difference in this code, nor can we find 
what the “Auto Cal History Auxiliary file index” actually means. 
However, at this time, the RSB AutoCal is not implemented in CSPP or 
IDPS software. [...]” 

@N_NPOESS_Document_Ref references different 
documents/versions. 

“This is set as part of the ADL Raytheon code base, and is unlikely to be 
changed.” 

Locally and globally auxiliary files are nearly identical, except for 
the Day/night-band straylight correction and RSBAUTOCAL-
HISTORY 

“[...] 

The JPSS project is working on a way to update the calibration 
coefficients for the VIIRS reflectance bands for each orbit. This would 
take the form of an auxiliary file.[...]  However, the VIIRS-
RSBAUTOCAL-HISTORY-AUX is still a required input, although it is not 
used.” 

@N_Processing_Domain is different in both using all lower-case or 
all upper-case letters. 

“This is set as part of the ADL Raytheon code base, and is unlikely to be 
changed.” 
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Product Validation Results, Content, cnt’d 

• GMODO over the North pole: 
• The data of local and reconstructed products do not show any 

problems at the meridian and anti-meridian crossings; nor 
around the North/South Pole. 
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Product Validation Results, Content, cnt’d 

• Radiance-Reflection-Conversion Errors 
• Is it appropriate to use fixed conversion factors or shall they 

vary? 
• Are the factors which have been chosen in the compacting 

software consistent which the ones used CSPP and NDE? 
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Offline Monitoring: Examples 

 

Offline Monitoring 
(CHART/MPSTAR) 

Prototypically 
implemented 
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Offline Monitoring: Examples 

 

Offline Monitoring 
(CHART/MPSTAR) 

Prototypically 
implemented 
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Operational Monitoring, online 

• GEMS/SMART 
EARS-VIIRS is subject to 24/7 monitoring in „Realtime“ by 

the Duty Controllers using the EUMETSAT GEMS and 
SMART tools, example of GEMS Output: 
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