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Introduction: The Lunar Reconnaissance Orbiter 

Camera (LROC) Narrow Angle Camera (NAC) can 
acquire long exposure observations within permanently 
shadowed regions (PSRs) at times of maximum 
secondary illumination to achieve signal-to-noise ratios 
(SNR) better than 20 [1-3]. The atlas and mosaics 
presented here overlap 324 PSRs larger than 10 km2 
within 9° of the north and south pole and are composed 
of ~2,850 and 1,201 unique NAC observations, 
cataloging the highest quality long-exposure NAC 
observations of PSRs. 

NAC PSR observations that were collected from the 
start of the mission to 1 August 2022 (10 to 40 m/pixel 
scales) were systematically reviewed [2-4] for image 
quality, landform occurrence, and albedo variations. 
Common observation artifacts such as brightness 
offsets between images and diminished contrast are 
due to stray light. Here we present the newly released 
PSR Atlas and mosaics processing flow, which 
includes routines to mitigate artifacts and improve the 
interpretability. 

Data Processing: As NAC PSR observations are 
acquired and delivered to the LROC Science 
Operations Center (SOC), automated processing 
generates Planetary Data System (PDS) Experiment 
Data Record (EDR) products for release and archive 
[2]. The NAC observations tagged as part of the PSR 
campaigns are further processed from Level 0 to Level 
3 data products [5], utilizing routines from the 
Integrated Software for Imagers and Spectrometers 
(ISIS) software suite [6]. After dark subtraction and 
two linearization routines (high range DNs only) 
described in [7], a third linearization is performed for 
DN < 20. Pixel values (or DNs) <= 10 are clipped (set 
to special pixel value Low Instrument Saturation; LIS), 
and the equation √(DN × 40 - 400) is applied to DNs < 
20 consistent with laboratory calibration measurements 
[7]. Next the image DNs are calibrated to I/F [7]. The 
final step in the calibration is removing illuminated 
terrain from the images (I/F >= 0.005), leaving a 
patchy image of only shadowed regions.  

Increased exposure times for PSR imaging (20x to 
80x) lead to elongated pixels (10 m to 40 m by 1 m to 
4 m) and reduced image resolution compared to typical 
NAC images [2]. The long-exposure NAC images are 
map projected at 10 m/pixel onto the LOLA polar 
digital terrain model [8] using the LOLA crossover 
corrected ephemeris. The images were not controlled 
[9]. 

Figure 1. LROC NAC uncontrolled mosaic of the 
largest PSR in Amundsen crater (-83.5°, 91.0°; light 
orange outline). Top: 2018 PSR Atlas best coverage 
mosaic of Amundsen PSR (SP_835240_0910150) at 10 
m/pixel. Bottom: best coverage mosaic of Amundsen 
PSR at 10 m/pixel, to be made available in the 2022 
PSR Atlas. The mosaic is stretched from 0 I/F (black) 
to 0.0002 I/F (white) and I/F >= 0.0005 are dark red. 
I/F >0.005 are considered illuminated terrain and are 
removed. LIS values are dark purple. Nearby PSRs >1 
km2 are shown as dark orange outlines. 
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Each 10 m/pixel PSR image is trimmed to include 
the PSR and 10 km beyond the PSR boundary. The 
PSR shapefile is derived from a LOLA data product 
which identifies terrain in permanent shadow [10]. 

PSR Shapefile: The companion shapefile is a 
digitization of north and south pole PSRs (>=10 km2) 
from images created by [10]. To identify PSRs, the 
horizon elevation was determined in several directions 
based on polar DTMs. For PSRs from 82° N/S to 90° 
N/S, the polar DTMs are 60 m/px. For PSRs from 81° 
N/S to 82° N/S, the polar DTMs are 120 m/px. For 
more information, refer to [10]. 

Previous Mosaic Characteristics and Mitigation: 
Long exposure NAC images have around 80 pixels of 
elevated DN at the outside edge of the NACL and 
NACR images causing striping in the mosaics (Figure 
1a). To reduce the appearance of striping, 92 (not 
summed) or 41 (summed) outside edge pixels are 
trimmed during calibration (Fig. 1b). Reflectance 
variation from image to image and between image 
pairs taken with similar illumination geometry is 
minimized with the USGS ISIS application blend prior 
to automos [6], resulting in a more seamless mosaic 
(Fig. 1b). 

PSR Mosaics: North and south pole mosaics within 
9° of the respective pole were constructed using the 
best coverage mosaics for each PSR. Best coverage 
mosaics typically include observations from multiple 
YEAR‐DOY sequences for maximum coverage within 
a given PSR.  

For the 8-bit (0-255) stretched version of the mosaic, 
in each PSR, 0 I/F is set to 2 DN (black), and the 90th 
percentile and above is set to 255 (white). Each PSR 
mosaic is then stitched into the final mosaic (Fig. 2). 
After these steps, the values are no longer in I/F, but 
instead have arbitrary units from 0 - 255 with 0 
indicating no data values, 1 as below the NAC 
detection threshold (LIS), 2 as the minimum stretch 
value and below, and 255 the maximum stretch value 
and above. The illuminated terrain that was previously 
masked out in the final step of calibration is included 
as 0 (no data) values. The final mosaic is an 8-bit 
product masked to ten kilometers out from the PSR 
boundary.  

The PSR mosaics (June 15, 2022 PDS release) are 
available for download in the LROC RDR archive. All 
of the images in the mosaic can also be found in the 
LROC PSR Atlas and described in [2]. In addition, all 
images are archived as EDR and CDR products in the 
LROC PDS. 

Conclusions: A catalog of the current LROC long-
exposure images of PSRs is a useful tool for the 
planetary science community to identify areas for 
focused investigations. 

Finer pixel scale and greater SNR imaging are 
required to confidently map and interpret smaller 

landforms that may be used for landing site planning or 
searching for evidence indicative of frost and/or water 
ice on or buried within the regolith [11]. ShadowCam, 
a PSR imaging system onboard the Korean Pathfinder 
Lunar Orbiter (KPLO), will be arriving at the Moon 
around January 2023. ShadowCam will map landforms 
and albedo variations at high resolution (1.7 m/px) and 
high SNR (100) necessary to interpret landforms and 
enable landed mission planning [12]. 

In the future, we plan to update the PSR Atlas and 
PSR Mosaics to include PSRs as small as 5 km2 and 
extending out to 15° from the poles. We also plan to 
catalog ShadowCam observations in a similar way to 
the LROC PSR Atlas and mosaics. For more 
information on ShadowCam, please visit: 
https://www.shadowcam.asu.edu/. 

 
Figure 2. Stretched 8-bit 10 m/pixel south pole mosaic 
of PSRs >10 km2 and extending from 81° S to the pole, 
overlaying the Global Lunar DTM (GLD100) [8]. 
Images are trimmed to 10 km beyond each PSR 
boundary. Values above the 90th percentile of 
shadowed values are set to 255 (white) and values 
below the detection limit of the NAC are set to 1 and 0 
I/F is set to 2 (black). The north and south pole PSR 
mosaics are available on Lunar Quickmap (NASA 
LRO/LROC).  
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