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Introduction: The Agisoft PhotoScan [1] software 

is designed to produce accurate 3D models and georef-
erenced digital elevation maps (DEMs) from sets of 
images without a priori camera models or pointing 
information. This capability is useful for analysis of 
images acquired by spacecraft [2] or astronauts from 
planetary surface operations, where precise positioning 
information may not be available. PhotoScan also al-
lows for quickly generating 3D models of Earth analog 
sites without needing bulky or expensive equipment or 
extensive geometric camera calibration. 

In this abstract, we show the utility of PhotoScan 
for planetary applications from two test cases: an inte-
rior courtyard of a building, as a rough analog for a 
lunar collapse pit, and a site photographed and sampled 
by Apollo 17 astronauts (Station 4). 

Test Sites: Earth Analog. We acquired a sequence 
of photographs from the 4th-floor balcony (~12 m 
above ground level) surrounding the ~20 × 20 m inte-
rior courtyard of the Farmer building on the ASU cam-
pus using an iPhone 5s camera (0.4-1 cm pixel scale). 
This location was chosen to simulate a series of obser-
vations from around the rim of a collapse pit, several 
of which have been found on the Moon with similar 
dimensions to the courtyard [3]. We used 48 images 
acquired from 10 locations around the balcony. At 
each location, we took 4-5 images aimed across the 
center of the courtyard at vertical orientations ranging 
from near-horizontal to pointing towards the floor 
(Fig. 1). Locations were chosen to be evenly distribut-
ed around the courtyard. 

We placed three calibration markers (printed from 
files provided by PhotoScan) on the interior walls, and 
two on the ground (3.3 m separation) to provide a scale 
baseline and to differentiate between the otherwise-
similar walls of the courtyard. 

Apollo Imagery. We also tested PhotoScan on EVA 
images collected during Apollo 17 surface operations. 
For initial tests we used a set of seven color images of 
a trench dug by H. Schmitt at Shorty crater, with the 
Apollo gnomon, appearing in three of the images, 
providing scale and orientation [4,5] (Fig. 2). 
Using PhotoScan: The models presented here were 
created using “Medium quality” for both photograph 
alignment and point cloud generation (downsampling 
images by factors of two and four, respectively) as a 
balance between model density and processing time. 
For the courtyard model, we manually located the five 
calibration markers in each image, along with one oth-
er point added later to improve the model orientation.  

 

 
Figure 1: A) Example image of the Farmer building 
courtyard. Red numbers indicate centers of images in 
the sequence from this location; yellow arrows point to 
calibration markers. B) View of PhotoScan point cloud 
from approximately the same location as (A). 
 

 
Figure 2: Image from the Shorty crater dataset (AS17-
137-20990). The gnomon color scale is 20 cm long. 
 
In the Apollo model, manual control points were 
placed at the ends of the color scales on the gnomon to 
provide a scale reference and at two other points in the 
scene to align one image that was taken from a signifi-
cantly different viewing angle from the other six. 
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The most difficult part of producing a model in 
PhotoScan is obtaining accurate absolute dimensions 
and orientation. This difficulty is compounded when 
using PhotoScan for planetary applications. The soft-
ware is designed to produce models in an Earth refer-
ence frame, and while it is possible to produce a 
properly-scaled 3D model using purely local coordi-
nates, orienting the model correctly is problematic. 
Even with Earth-based images, accurately referencing 
the images to a reference frame requires control points 
with known cartographic coordinates. PhotoScan can 
automatically reference models using GPS data from 
smartphone photos, but the resulting models are often 
tilted due to uncertainties inherent in the coordinates. 

In the first DEM exported from PhotoScan of the 
Farmer building courtyard, there was a ~2 m tilt of the 
floor from north to south that is not present in the actu-
al building. We corrected this tilt by placing three ref-
erence points on a known-level surface, and assigning 
them the same elevation before re-building the model, 
which eliminated the tilt. 

Results: We used the post-levelling exported 
courtyard DEM to measure the heights of features on 
the floor (several tables and the rim of a fountain in the 
northeast corner) (Fig. 3). Ground truth measurements 
were taken that showed the tables as 74 cm tall, and 
the fountain rim as 55 mm tall. Measurements from the 
DEM placed all six tables at 70-71±2 cm high, and the 
fountain rim at 53±1 cm (uncertainties are the meas-
ured deviations from the median height of each fea-
ture). These elevation errors of 3-5% of the actual fea-
ture height are comparable to the horizontal error of 
~2.5% reported by PhotoScan for the calibration scale 
bar, and may be related to the process used to remove 
the tilt in the original DTM. Regardless, given that the 
images were taken from ~1200 cm above ground level, 
these values indicate a model accuracy of ~0.2% of the 
distance from camera to target, or 2-6× the pixel scale. 

In the Shorty crater trench model, we measured the 
height of the trench wall at ~10 cm, and the width of 
the orange soil band at ~75 cm, which is similar to the 
value of “about 80 cm” reported in [5] (Fig. 4). 
Conclusion:. PhotoScan produced models which 
agreed well with on-site measurements (Earth analog) 
and prior photogrammetric analysis (Apollo), despite 
having no a priori pointing information, and in the 
Apollo case, no a priori camera model. These two test 
cases demonstrate its effectiveness for analyzing past 
mission data, and potential for aiding future missions 
both by creating models from surface photography, 
and allowing easy creation of models of Earth analog 
features without using any more complicated calibra-
tion and photographic equipment than an office printer 
and an ordinary smartphone camera. Future tests will  

 
Figure 3: DEM of interior courtyard of Farmer build-
ing, with profile lines across fountain (A-A’) and table 
(B-B’). Yellow dots show control point locations, red 
dots show camera locations. 
 

 
Figure 4: Orthophoto of trench at Shorty crater (Apol-
lo 17), with 2 cm contours overlaid in yellow (orange 
contours mark 10 cm intervals). The gnomon is visible 
at upper-left. White patches indicate areas with no im-
age coverage. 
 
include Photoscan models of terrestrial lava flows to 
serve as a point of comparison for the morphology of 
impact melt flows found on fresh lunar craters [cf. 6].  
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