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Abstract 
Eighty 70 mm Hasselblad photos taken by Apollo 15 astronauts 
at EVA 3 stations 9A and 10 were used to create a 7.3 cm/px 
digital elevation model of an 800 m x 500 m section of Hadley 
Rille. Ground control was taken from an LROC NAC DTM. 
We present a production methodology and error analysis for 
this DEM, and use it to conduct preliminary block counts at a 
meter to sub-meter scale.  

1. Introduction 
Hasselblad 70 mm cameras were used to collect images of 
Hadley Rille and its vicinity during Apollo 15 surface 
operations. Astronauts took panoramic series of images at 
several locations, enabling the creation of digital elevation 
models (DEMs). The Agisoft Photoscan software can produce 
georeferenced DEMs and accurate orthophotos from sets of 
images without the need for a priori pointing information [1, 
12,16]. Thus, Apollo surface photography represents a resource 
for creating very high resolution models of the lunar surface. 

Previous photogrammetric work on Apollo 70 mm surface 
photography largely focused on identifying camera positions, 
rather than creating orthomosaics [9, 13]. Recently, Hasselblad 
photographs from Apollo 17 were used with photogrammetry 
software to make a 3D model of a sample site in order to 
determine the sample’s orientation [17]. In this work, we create 
a DEM and corresponding orthomosaic, georeference it to an 
overlapping LROC NAC DEM, and demonstrate its use for 
block size-frequency distribution (SFD) studies. 

Finding correlation between meter and sub-meter block 
populations is essential for identifying the back-scattering 
effects of blocks in radar signals [8,15].  Orbital observations 
can identify blocks at the meter scale; for example, LROC NAC 
DTMs are 50 cm/px at 50 km altitude, allowing confident 
measurements of rocks down to about 2.5 m in diameter. 
Handheld surface photography, once georeferenced, is a viable 
source for measuring blocks at sub-meter scales [6,14]. Here, 
we introduce a new dataset using Apollo surface imagery that 
covers blocks in the 0.4 m to 3 m range. 

2. DEM Production in Photoscan 
We selected 187 70 mm Hasselblad photos that were taken 
during EVA 3 at stations 9A and 10. Of these, 157 were taken 
with a 500 mm focal length lens, and 30 with a 60 mm lens [2]. 
These photos were downloaded as JPGs from the Apollo Lunar 
Surface Journal, cropped by up to 2 pixels to produce consistent 
image dimensions [3], and imported into Photoscan. The 
software was able to align 80 of the photos (51 with the 500 
mm lens and 29 with the 60 mm lens), producing a dense point 
cloud of 33,469,579 points and covering a 800 m x 500 m 
region on Hadley Rille’s west side (Fig. 1). 

We then added 5 ground control points chosen from an LROC 
NAC DTM covering the same area [NAC_DTM_APOLLO15, 
10]. To work around Photoscan’s inability to correctly project 
onto non-terrestrial surfaces, the coordinates for these points 
were selected as the map-projected x and y coordinates from the 

LROC DEM, along with the elevation relative to the lunar 
ellipsoid [4]. The use of these coordinates implicitly aligned the 
xyz model produced by Photoscan to the coordinate reference 
system of the LROC NAC DTM.  

From this georeferenced dense point cloud, we produced two 
DEMs at 7.3 cm/px, with and without interpolation across 
sparse regions of the dense point cloud. We then used 
Photoscan to project the images onto the interpolated DEM, 
producing a 7.3 cm/px orthomosaic (Fig. 1). 

Figure 1: Comparison of orthomosaic from Photoscan (left) and 
LROC NAC orthophoto (right). 

3. Quality Check 
Qualitative comparison between the NAC DTM and the 
Photoscan DEM indicated minimal offsets or differences in 
scaling. A gnomon is visible in two of the aligned images, 
which were a stereo pair of a sample site and fortuitously had 
Hadley Rille in the background. This instrument has a rod that 
is gimbaled to remain vertical at all times. We added reference 
points to the model at the top and bottom of this rod to 
determine that the model’s vertical axis is tilted by 1.1°. We 
attempted to use the gnomon to check the model’s scale as well, 
as it has a known size [18]. However, we found the scale of the 
gnomon to be off by about an order of magnitude, unlike the 
rest of the model. This may be because the gnomon is ~2 m 
away from the camera, while the terrain covered by the DEM is 
1.2 km away, and the stereo baseline between the two images is 
very small compared to the model size.   

We ran the program pc_align from the AMES stereo pipeline to 
control the point cloud to the NAC DTM [11]. The resulting 
optimal shift for the point cloud was 0.03 m south, 1.99 m east, 
and 0.027 m down. 

4. Block Counts 
Using our 7.3 cm/px orthomosaic, we counted blocks in a 
region 100 m downslope by 67 m cross-slope. The downslope 
direction is roughly parallel to the camera’s line of site, and thus 
rocks appear “smeared” in that direction (Fig 2). Removing 
regions that are interpolated in the DEM reduces this effect. 
Therefore, we counted only blocks whose boundaries lie 
primarily in the non-interpolated regions. Further, because the 
blocks were very dense in the measured region, blocks > 3 m 
were almost always too interpolated or obscured by other large 
blocks to be confidently measured.  
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Maximum diameter was measured for all the blocks in the 
region of interest with diameters < 3 m [5, 7]. The minimum 
reliably resolved block size was 0.36 m, or five times the native 
pixel scale. We followed [5] in computing slope of our 
cumulative block SFD. The 696 blocks counted were 
cumulatively binned in 0.1 m intervals and plotted on a log-log 
scale (Fig 3). 

Previous lunar block studies have tended to fit a power law to 
block counts [5]. However, although our block SFD does level 
out at diameters < 0.6 m, the transition between populations fits 
an exponential model between 0.6 m and 2.6 m (Fig 3). 
Although our block analysis results are preliminary, they 
indicate that Apollo Hasselblad photographs can be used to 
evaluate how cumulative block SFDs change between meter 
and sub-meter block populations. 

 

Figure 2: Portion of block counts in the Photoscan orthophoto. 
Counts are circled in yellow; interpolated regions of the 
orthomosaic are shown in orange. 

 

 

Figure 3: SFD of block counts for a 6,438 m2 area in the Hadley 
Rille DEM. Data points used to produce the exponential fit are 
marked with circles; excluded data points are marked with Xs. 
The vertical grey line indicates 0.36 m, the lowest diameter that 
can be reliably resolved.  

5. Discussion 
The model produced by Photoscan performed well in both 
qualitative and quantitative evaluations, indicating that Apollo 
surface photography can be an accurate source of 
photogrammetric data at scales smaller than is possible from 
orbital images. These small scales can facilitate studies such as 
block size frequency distributions, as well as landing site and 

traverse risk analysis. Photoscan’s ability to create models 
without any a priori camera model or pointing information will 
allow for the creation of numerous models from other Apollo 
landing sites and other sources of surface photography.  
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