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ABSTRACT  

The Day/Night Band (DNB) of the Visible Infrared Imaging Radiometer Suite (VIIRS) onboard SNPP represents a 
major advancement in night time imaging capabilities. The DNB senses radiance spanning 7 orders of magnitude in one 
panchromatic (0.5-0.9 μm) reflective solar band and provides imagery of clouds and other Earth features over 
illumination levels ranging from full sunlight to quarter moon. When the satellite passes through the day/-night 
terminator, the DNB sensor is affected by stray light due to solar illumination on the instrument. Current operational 
stray light correction for Suomi-NPP VIIRS DNB is based on monthly stray light correction Look-up-Table (LUT) 
which is separated into LUTs for northern and southern hemisphere. Granules with stray light around new Moon are first 
visually inspected for minimum light contamination such as artificial light, aurora or other light sources and then are 
selected for stray light correction LUT generation. This paper developed a light contamination ranking index (LCRI)-
based algorithm to automate DNB granule selection and stray light correction LUT generation. This method provides 
means to evaluate the light contamination quantitatively. In this method, an evaluation region is defined across multiple 
granules in one orbit for northern and southern hemisphere, respectively. The pixel radiance in the prescribed evaluation 
region is quantitatively scored with Light Contamination Index (LCI), and percentage of pixels with radiance ratio value 
above the threshold is evaluated. Imagery quality score can be assessed as percentage of bad pixels in the region of 
interest. The LCI of DNB images are ranked and images with LCI below certain threshold are selected to ensure 
containing minimum light contamination. This paper demonstrated the effectiveness of LCRI-method in constructing 
stray light correction LUT and removing stray light from DNB images. 
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1. INTRODUCTION  
The Suomi National Polar-orbiting Partnership (SNPP) satellite was successfully launched in October 2011 [1-3]. The 
Day Night Band (DNB) of the Visible Infrared Imaging Radiometer Suite (VIIRS) onboard the SNPP satellite provides 
imagery of clouds and other Earth features over illumination levels ranging from full sunlight to quarter moon. The DNB 
sensor utilizes a backside-illuminated charge coupled device (CCD) focal plane array (FPA) for sensing of radiances 
spanning 7 orders of magnitude in one panchromatic (0.5-0.9 μm) reflective solar band (RSB). In order to cover this 
extremely broad measurement range, the DNB employs four imaging arrays that comprise three gain stages. The spatial 
resolution of the DNB is approximately 750m across the entire swath. This is achieved by performing on-chip 
aggregation of the CCD detector elements to form pixels, which results in 32 aggregation zones through each half of the 
instrument swath on either side of nadir. The aggregation zones near the end of scan (EOS) have fewer pixels than the 
zones near nadir, as the footprint of a single CCD detector element on the ground is much larger at EOS. The basic 
parameters for DNB specifications can be found in Table 1. 
 
Generation of the DNB sensor data record (SDR) product requires accurate knowledge of the dark offsets and gain 
coefficients for each DNB stage. These are measured on-orbit and stored in lookup tables (LUT) that are used during 
ground processing. These tables have values for each detector and gain stage. The Low Gain Stage (LGS) gain values 
are determined by solar diffuser data (aka the onboard calibration).  The Medium Gain Stage (MGS) and High Gain 
Stage (HGS) cannot be calibrated directly using solar diffuser data because these gain stages saturate at solar diffuser 
illumination levels. Since the three gain stages together cover the entire required radiance range of DNB with sufficient 
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not contaminated by aurora or lights related to human activities.  In the past, all of the stray light images were visually 
inspected and were selected for LUT generation based on the criteria such as free from night time lights, free from 
aurora contamination and free from major clouds. The stray light LUT is indexed according to Hemisphere, Solar Zenith 
Angle (SZA) (from 95 degrees to 118.4 degrees), Scan Angle, Detector, and half-angle-mirror (HAM) side. This paper 
developed a light contamination ranking index (LCRI)-based algorithm to automate DNB granule selection (no aurora, 
artificial light) and stray light correction LUT generation. This method provides means to evaluate the light 
contamination quantitatively. The LCRI-method was applied to process SNPP DNB data to demonstrate its effectiveness 
in constructing stray light correction LUT and removing stray light from DNB images. 

2. METHODOLOGY 
2.1 General Procedure of DNB Stray Light Correction  
The general steps involved in DNB stray light correction LUT generation are outlined as following. 
 

1. Data collection:  Three days of data impacted by stray light are collected around the new moon (3 days centered 
on the new moon day). The solar zenith angles are used to determine if a granule is in the stray light region. 
These granules are sorted by hemisphere.  There are typically ~252 impacted granules over each hemisphere 
during three days.  

2. Data selection: Once the data impacted by stray light are collected for all three days, the DNB radiance images 
are inspected. These regions with stray light typically span ~6 granules on the night side of the terminator in 
both Northern and Southern hemispheres.  The granules within the same orbit are grouped and assembled into 
images over northern and southern hemisphere, respectively.  Granules with cloud or light contamination from 
light sources such as aurorae or due to human activities need to be discarded to ensure minimum light 
contamination.  

3. Generation and validation of stray light correction LUT 
a. The selected granules form a database. Matlab-based software was used to process the selected 

granules and generate stray light correction LUT. The stray light LUT is indexed according to 
Hemisphere, SZA, Scan Angle, Detector, and HAM side. The area contaminated by stray light is 
separated into one zone and penumbra region in the northern hemisphere and into two zones and 
penumbra region in the southern hemisphere. An illumination map with man-made lights was used to 
filter out pixels over known fixed light regions. Staged data from different zones was filtered and fitted 
with polynomials as function of spacecraft solar zenith angle in 32 bins along the scan direction. The 
stray light in radiance unit was tabulated as function of discrete solar zenith angle, frame number, 
detector, HAM side, and hemisphere, to form a matrix and are saved into a binary LUT.     

b. Using the newly generated LUT to process DNB data with stray light and produce DNB image after 
performing stray light removal. Inspection needs to be performed to assess the effects of stray light 
removal. 

c. If the effects of stray light removal do not meet expectation, the granules needs to be reselected and the 
two steps mentioned above will be repeated until the final LUT is confirmed. 

4. The stray light correction LUT has been routinely provided to NOAA Interface Data Processing Segment 
(IDPS) for performing stray light correction on the most recent DNB data. Each LUT has an effectivity window 
until the next LUT is available. 

 
The quality of DNB stray light correction largely depends on the selection of contamination-free granules. In step 2, 
visual inspection of assembled granules to select qualified granules was often used which has large uncertainty and is 
subject to personal judgement bias that can’t be quantitatively evaluated. To automate and improve the quality of 
generating stray light correction LUT, it is critical to quantify the selection process of DNB granules which screens out 
contamination from aurorae and lights from human activities. Such automation is accomplished by the LCRI-based 
selection process. 
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Figure 6: Northern (left) and southern (right) hemisphere DNB stray light correction LUT (averaged over detectors and 
HAM side) vs. spacecraft solar zenith angle and  frame number along the scan direction. The LUTs were genrated using 
the LCRI method. The color scale in both panels is in linear scale.  
 

 
Figure 7: Stray light correction LUTs (recycled operational LUT from Jan., 2015 (green line) and LCRI-derived LUT 
from Jan., 2017 (red line)) vs. solar zenith angle over northern hemisphere for two selected bins along the scan direction 
together with sample DNB data (blue circles) collected around January 26, 2017.   

 
(a)                                         (b)                                               （c）                                     (d) 

Figure 8: Example of DNB images over northern hemisphere before (Panel a and c) and (Panel b and d) after applying 
stray light correction LUT generated with the LCRI method. The color scale in all panels are in Log(Radiance). 
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Figure 9: (Two panels on the left) Stray light correction LUTs (recycled operational LUT from Jan., 2015 (green line) 
and LCRI-derived LUT from Jan., 2017 (red line)) vs. solar zenith angle over southern hemisphere for two selected bins 
along scan direction together with sample DNB data (blue circles) collected around January 26, 2017.  (Two panels on 
the right) Example of DNB images over southern hemisphere before and after applying stray light correction LUT 
generated with the LCRI method. The color scale in both panels are in Log(Radiance). 

4. SUMMARY
In this paper, a LCRI method has been developed to quantitatively automate good-quality granule (no aurora or artificial 
light) identification and the DNB stray light correction LUT generation. In this method, evaluation regions over both 
hemisphere were defined across multiple granules in one orbit with the most likely stable signals. The pixel radiance in 
the prescribed evaluation region is quantitatively scored with LCI to evaluate the light contamination by artificial light, 
aurora and other transient light sources. The LCRI method ranked the DNB images with LCI and images with LCI 
below certain threshold are selected for stray light correction LUT generation. The effectiveness of the LCRI method 
was demonstrated through the application of the method to construct stray light correction LUT and remove stray light 
from SNPP DNB data. The LCRI method was also being extended to the NOAA-20 DNB stray light correction LUT 
generation.  
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