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The HiRISE high-resolution camera, currently en 
route to Mars aboard the Mars Reconnaissance 
Orbiter (MRO), will acquire on the order of 10,000 
observations during its two-year primary science 
phase [1]. The HiRISE instrument consists of 14 
individually commanded CCDs, each of which may 
contribute to the overall observation. Each of the 
CCDs is read out on two separate channels, resulting 
in two channel files of image data per CCD. Each 
channel image file can be up to one gigabit (Gb) in 
size, or 128 megabytes (MB). The HiRISE ground 
data system (GDS) at the HiRISE Operations Center 
(HiROC) is expected to process around 280,000 
individual channel image files during the primary 
science phase. The total raw, unprocessed data 
volume of this endeavor is expected to be about 12 
terabits (Tb) or 1.5 terabytes (TB); the instrument 
itself will almost never acquire a full 28 Gb 
observation, so the total raw data volume, while quite 
large, is lower than it might at first seem. 

To handle the processing of this quantity of data 
in a timely manner, the HiRISE GDS uses the 
Conductor pipeline processing system developed by 
the Planetary Image Research Laboratory (PIRL), co-
located with HiROC at the University of Arizona's 
Lunar and Planetary Laboratory [2]. Conductor 
pipelines exist or will exist to perform routine 
processing tasks: One will retrieve raw HiRISE data 
products from the JPL raw science data server 
(RSDS). One will process the raw data into 
experimental data records (EDRs). Another will 
process the EDRs into reduced data records (RDRs), 
performing radiometric and geometric processing as 
part of the task. Additional pipelines can be designed 
and added as needed. 

Conductor Evaluation Trial—MOC Data 
Processing: To evaluate Conductor as a viable means 
of automating the HiRISE downlink and image 
processing workflow, we developed a test pipeline to 
perform an equivalent task on planetary image data 
that already exist on the ground. We chose the Mars 
Global Surveyor's Mars Orbiter Camera 
(MGS/MOC) as the source of our evaluation data [3]. 
The MOC data are roughly comparable to what we 
expect from HiRISE, in that a typical MOC image is 
a long, skinny image such as each of the 14 HiRISE 
CCDs will acquire. 

Another reason to use MOC data in our 
evaluation trials is the use of the Integrated Software 

for Imagers and Spectrometers (ISIS), developed by 
the U. S. Geological Survey [4][5]. ISIS includes the 
tools necessary to perform radiometric and geometric 
calibration on raw MOC image data, and comparable 
tools are being developed for HiRISE image 
processing. Version 2.1 of ISIS covers MOC 
processing; version 3.0 covers HiRISE processing 
[6]. 

We chose to use full MOC data processing for our 
evaluation pipeline rather than to work with a single 
aspect of MOC processing. Our model for our 
pipeline was the moclevall program. The moclevall 
program is a script that uses several other ISIS 
programs to process the MOC data to the following 
processing “levels.” It first converts a PDS MOC 
image to an ISIS-formatted image (“level 0”). It then 
performs radiometric correction on the level-0 image, 
bringing it to “level 1.” Finally, it performs map 
projection on the level-1 image to bring it to “level 
2.” As a script, moclevall itself was a good model for 
the overall structure of the MOC evaluation pipeline: 
We modeled each step in the script as a separate 
procedure for the pipeline. 

We attached three Sun Microsystems 
workstations to the MOC pipeline: two Sun Blade 
100s and a Sun Ultra 10. The three systems processed 
10,776 MOC images over the course of 23 days, with 
one of the systems being removed from the pool 
midway through. Although these results may seem 
unsatisfactory, it should be noted that none of the test 
systems was dedicated to the task. Each system was 
the desktop workstation for the technical staff of the 
nascent HiROC, and each system had a regular 
workload burden to bear while also performing the 
MOC processing. Normal HiRISE processing will 
feature dedicated processing systems, each markedly 
faster than the evaluation pipeline workstations. 
Overall, we concluded Conductor would be up to the 
task of maintaining the HiRISE processing pipelines, 
especially when given dedicated processing 
hardware. 

During the evaluation processing, we found that 
the majority of processing time was spent on the 
geometric projection step. The modular nature of 
Conductor pipelines allows us to split the HiRISE 
geometric processing off from the main RDR 
processing pipeline. By doing so, we can match the 
needs of the processing to the available resources. 
We can, for instance, assign dozens of processing 
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systems to the more computationally intensive 
geometric processing and reserve only a few for the 
radiometric calibration. 

HiRISE Data Processing: Since the August 12, 
2005 launch of MRO, the HiRISE instrument has 
acquired 215 observations consisting of a total of 
4814 channel image files. A scheduled January 18, 
2006 operation will add over 1000 channel image 
files to the list. Observations performed after the 
March 10, 2006 Mars orbit insertion (MOI) will add 
about 300 more, bringing the total to over 6000 
channel image files. Although the mission has not yet 
begun its primary science phase, it is clear that a tool 
such as Conductor is already needed to handle this 
quantity of data. 

Two HiRISE pipelines presently exist: HiDog and 
EDRgen. A third pipeline, RDRgen, has not yet been 
developed but is expected to be online by the start of 
the primary science phase. Additional pipelines may 
be developed as the mission progresses, particularly 
when computationally intensive tasks demand it, such 
as the geometric processing. 

HiDog: The HiDog (HiRISE downlink organizer) 
pipeline fetches data from the RSDS using JPL-
supplied FEI (File Exchange Interface) software. 
After downloading, a few maintenance operations are 
performed to clean up the HiROC filesystem, and the 
newly downloaded file is added to the sources table 
of the EDRgen pipeline. The HiDog pipeline itself is 
fed by a background daemon called FEI_Watchdog, 
which periodically polls the RSDS for new files. 

The performance of the HiDog pipeline is limited 
by the available bandwidth between HiROC and the 
RSDS. Assigning multiple processing systems to the 
pipeline generally will not speed up the processing, 
so the HiRISE GDS typically assigns only one 
system. Multiple avenues to the RSDS do exist, 
however, in the form of two dedicated T1 lines and 
the HiROC facility's Internet-2 connection, so we 
could reasonably assign up to three processing 
systems without decreasing performance if the need 
arises. Cruise operations have not yet required we do 
so. 

EDRgen: The EDRgen (EDR generator) pipeline 
produces PDS-labeled EDRs from raw HiRISE 
channel image files. After performing some 
filesystem maintenance, the pipeline inserts the EDR 
label parameters into the HiRISE database, making 
them readily available for database queries and 
reporting. Finally, the EDRgen pipeline adds the 
newly created EDR to the sources table of the 
RDRgen (RDR generatort) pipeline. Although the 
RDRgen pipeline does not yet exist in full, a 

prototype RDRgen pipeline segment exists for 
gathering image statistics on the EDRs. 

The performance of the EDRgen pipeline is 
limited by available processing power. Although one 
might expect it also to be limited by storage access 
speeds, the MOC evaluation pipeline demonstrated 
this factor to be relatively minor compared to 
processing power. The dependence on processing 
power is readily handled by adding more processing 
systems to the EDRgen pool. The ability to scale the 
performance of a pipeline with the addition of 
processing systems was one of the basic design goals 
of the Conductor system itself. 

Cruise Operations: The HiRISE GDS has 
gradually phased in its use of Conductor as the 
pipelines are designed, implemented, and tested. We 
brought the HiDog pipeline online for the HiRISE-to-
Star Tracker alignment and calibration operation, 
which took place from October 3 to October 5, 2005. 
We assigned a single processing system to the 
pipeline, an Apple Macintosh dual-processor 2.0 
GHz G5 system. 

We brought the EDRgen pipeline online for the 
stellar calibration activity that took place on 
December 13 and December 14, 2005. We assigned 
to the EDRgen pipeline a Sun Microsystems Sun Fire 
V210 system and an AMD Opteron-based SUSE 9 
Linux system. The EDRgen pipeline performed well 
in concert with the HiDog pipeline, requiring 
operator intervention only rarely, and only when the 
input data files had unexpected errors. 

Overall, the HiRISE GDS team is satisfied with 
the performance of Conductor during real HiRISE 
operations. We anticipate comparable performance 
for upcoming operations, including post-MOI 
imaging, transition orbit operations, and primary 
science phase operations. 

Software: Conductor and related PIRL Java 
packages are freely available for download from 
http://pirlwww.lpl.arizona.edu/software/ for Linux, 
Solaris Unix, and Mac OS X Unix systems. ISIS is 
freely available for download from 
http://isis.astrogeology.usgs.gov/ for Linux, Solaris 
Unix, and Mac OS X Unix systems. 
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