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Introduction: A core USGS Astrogeology Science 

Center competency is the creation and distribution of 
foundational data products, such as control networks 
and controlled orthomosaics. In Fiscal Year 2022 
(FY22), we began work creating a near-global lunar 
control network using the Kaguya Terrain Camera (TC) 
[1] morning stereoscopic and monoscopic datasets. The 
Moon is currently a high priority exploration target, and 
the creation of such products are of high value to the 
planetary science community. When completed, these 
lunar data products, which provide context for higher-
resolution Lunar Reconnaissance Orbiter Camera 
(LROC) images, could be used to facilitate geologic 
investigations and enable planning for future science 
and exploration missions such as the Commercial Lunar 
Payload Services (CLPS) and Artemis missions. 
Additionally, the control networks support the creation 
of TC image mosaics and Digital Terrain Models 
(DTMs), as well as support the development of further 
products from Kaguya Multispectral Imager [2] and 
Spectral Profiler [1] data, as recommended by the Lunar 
Critical Data Products Special Action Team report 
(Findings 9, 10, 11, 13, and 17) [3]. 

Data: The Kaguya TC images offer a mid-resolution 
(~10 meters per pixel) global lunar dataset with morning 
and evening illumination conditions. “Morning” 
illumination conditions consist of low-angle solar 
illumination from the right (so-called “early” in the 
lunar day with Sun from the east) and “evening” 
illumination conditions consist of low-angle solar 
illumination from the left (“late” in the lunar day with 
Sun from the west); the illumination conditions of both 
the morning and evening datasets emphasize 
morphology over albedo. The stark differences in 
illumination direction between the morning and evening 
datasets prompted the creation of two separate products. 

Due to the volume of data involved in creating a 
control network of near-global size, which potentially 
could include >300,000 images, we opted to begin with 
the morning illumination stereoscopic and monoscopic 
images. Previous work using Kaguya TC images 
demonstrated that not all images are suitable for control, 
primarily due to significant shadowing. Assessment of 
images for coverage and solar illuminations conditions 
was completed to identify candidate images. Further, to 
manage the high volume of images involved in control 
network generation, we decided to first create control 
networks for individual lunar quadrangles, which will 
later be merged (and controlled across boundaries) into 

a near-global control network [Fig. 1]. Using the 30-
quadrangle scheme initially developed for geologic 
mapping of the Moon at 1:2.5M mapping scale, we 
began with two adjacent equatorial quadrangles to 
finalize the workflow, which was developed as part of 
another investigation. Then we began the south polar 
quadrangle to respond to NASA lunar exploration 
interests, which further tested the workflow with high 
data volume (large number of images). From there, we 
generated control networks for the equatorial 
quadrangles and several at the mid-latitudes. 

Methods: Image processing was completed for the 
Kaguya TC images using the Integrated Software for 
Imagers and Spectrometers (ISIS) [4] and standard 
routines for control network generation. In particular, 
the findfeatures application was determined to be an 
efficient and successful means to create control 
networks. Each quadrangle was absolutely controlled to 
the shaded version of the 2015 SLDEM [5] for the mid-
latitude quads (up to ±65o latitude) and the shaded 
version of the LOLA DEM for the poles [6]. Bundle 
adjustment was performed using  the jigsaw application 
and we solved for camera pointing (or angles, velocities, 
and accelerations), twist, and spacecraft position. Point 
residuals and average mosaics were assessed to identify 
mis-registered tie points. 

Status: At the conclusion of FY22, control networks 
and image mosaics for 14 individual lunar quadrangles 
were completed [Fig. 1], which surpassed expectations. 
These control networks include the south polar 
quadrangle (LQ-30, Schrödinger) [Fig. 2], more than 
half the equatorial quadrangles (LQ-13, LQ-14, and LQ-
16 through LQ-23), and three mid-latitude quadrangles 
(LQ-24, LQ-27, and LQ-28). 

In FY23, efforts are continuing for the remaining 16 
lunar quadrangles, which must be achieved before 
combining the networks into a near-global product. 
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Figure 1: To manage the volume of data involved in creating the near-global control network, we adopted the 30-
quadrangle scheme for the Moon used for geologic mapping at the 1:2.5M scale. Quadrangle numbers and names are 
shown. In FY22, 14 control networks and accompanying image mosaics were completed and are colored green (LQ-
13, LQ-14, LQ-16, LQ-17, LQ-18, LQ-19, LQ-20, LQ-21, LQ-22, LQ-23, LQ-24, LQ-27, LQ-28, LQ-30). The 
remaining 16 quadrangles are queued for completion in FY23 and are colored in light gray. 

 

 

 

Figure 2: View of the region 
containing the candidate landing 
sites for Artemis III 
(https://www.nasa.gov/press-
release/nasa-identifies-candidate-
regions-for-landing-next-
americans-on-moon) in the 
Kaguya TC morning image 
mosaic, created during the 
generation of the control network 
for this quadrangle (LQ-30). The 
South Pole is noted by the red dot 
on the rim of Shackleton crater 
(21 km diameter; approximate 
middle of the image). At full 
spatial resolution, the mosaic is 
10 meters per pixel; here it is 
shown at a reduced scale to show 
the geographic area of interest.  
(Top) Mosaic shown with no 
contrast stretch; images 
containing significant shadow 
obscure morphological features. 
(Bottom) Mosaic shown with 
sigmastretch applied, reducing 
the effects of some of the 
shadows from observing 
morphological features. 
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