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the job was a 
bit more 

difficult before 
computers and 
digital cameras 

and stuff

Figure after Kraus, K. (1993). 
Photogrammetry. Vol. 1: Fundamentals 
and Standard Processes. 4th Ed., 
Fundamentals and Algorithms., Ferd. 
Dümmlers, Verlag, Bonn.

to do it right, it helps 

to know the position 

and orientation of the 

images at exposure

ISIS workflows to create 
image-to-image and image-
to-ground control networks. 
Each colored box represents 
a single ISIS application.

lets not sugarcoat it kids!

t h e p h o t o g r a m m e t r i c 

control process and its 

underlying algorithms are 

complicated.

in isis, nearly 30 standalone applications are required to create, edit, adjust, analyze, a n d v i s u a l i z e c o n t r o l networks!

this can make things even more confusing, especially for the non-expert user.

images from multiple sensors may 
now be rigorously Bundle adjusted 
together!
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Combined adjustment of apollo 15 
Metric camera, LROC NAC L/R pairs, 
and lunar orbiter high resolution 
camera images over the Apollo 15 
landing site.

Combined adjustment of viking1 
visa and visa and MRO ctx over the 
mars sacra sulci region.
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Future work includes improved 
automated image measurement and 
matching; additional analysis and 
visualization tools; more bundle 
adjustment functionality; and the 
writing of naif format image position 
and pointing kernels.

acknowledgements

this work is funded by the NASA 
planetary geology and geophysics 
program.

how does photogrammetry work?

to minimize errors, Overlapping images 

are registered to one another through 

the measurement of common features 

known as tie points.

Images may also be linked to the 

ground by identifying corresponding 

features between them and existing 

b a s e m a p s a n d / o r D E M s ; h u m a n 

art ifacts w ith otherwise known 

coordinates such as landers, rovers, 

or retroreflectors; or locations 

determined from laser or radar 

altimetry. These features are called 

control points. Image measurements 

then serve as input to the least-

squares bundle adjustment which 

generates improved image position and 

p o i n t i n g p a r a m e t e r s a n d t h e 

triangulated ground coordinates of tie 

and control points. The ISIS bundle 

adjustment module is called jigsaw.

W H Y I S P H O T O G R A M M E T R I C c o n t r o l 
NECESSARY?

The quality of mapping products such as 
digital image mosaics (DIMs) and digital 
elevation models (DEMs) -and the geologic 
maps that use such products as basemaps- 
depends greatly upon the accurate 
determination of image position and pointing 
parameters. Initial estimates for these 
parameters typically come from spacecraft 
tracking and attitude data. Some level of 
uncertainty in these data is unavoidable and 
will propagate to errors in the final 
product.

this process is called photogrammetry!

The rigorous photogrammetric control 
of planetary images is a fundamental 
capability of the integrated software 
for imagers and spectrometers (isis). 
Isis is developed and maintained by the 
u.s. geological survey astrogeology 
science center (astro).

IPCE screen capture: (a) project tree, (b) images, (c) footprints (with points 
overlaid), and (d) control point editor views.

B y s i m p l i f y i n g d a t a 
m a n a g e m e n t ; 
implementing rigorous 
algorithms; providing 
statistical and graphical 
data analysis tools; and 
automating processes 
and analysis, we reduce 
troubleshooting, improve 
cost-effectiveness, and 
improve the quality of 
mapping products.
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And so, though isis is awesome, we 
here at astro are always striving to 
make it better!

to improve the photogrammetric 
control process, we're developing 
in isis a fully interactive user 
interface that will integrate all 
aspects of the process into a single 
environment! we are calling it the 
" i n tegrated p hotogrammetr i c 
control environment," or IPce.

Apollo 15 Metric Camera 
images courtesy NASA/JSC/ASU

making maps from 
images is a lot like 
putting together a 
jigsaw puzzle

but its 
always fun!

Even with 
computers and 

digital 
cameras and 
stuff it can 

sometimes be 
a daunting 

task

IPCE screen capture: Left - project tree; Right - bundle adjustment 
parameter correlation matrix (green is low and red is high correlation); 
Inset - magnification of bundle results on project tree.

a more flexible and intuitive bundle adjustment interface 
is now in IPCE. 

any number of adjustments may be performed with all 
results saved and available for analysis and comparison.

we can now also display the bundle adjustment 
parameter correlation matrix. the examination of 
parameter correlations is critical to adjustment 
analysis. high correlation between parameters may lead 
to numerical instability.

Bundle adjustment 
results on project 
tree.

#1454

things just look a 

whole lot better 

when the pieces fit 

together properly

Uncontrolled and controlled 
mosaics of LRO Mini-RF 
radar images of the 20 km 
crater Hermite A (showing 
registration improvement of 
>3 km to <30 m pixel scale.


