








Gigapan Voyage for Robotic Reconnaissance

SAMPLE GIGAPANS CAPTURED DURING 2009 AND 2010 DRATS FIELD TESTS:

=

Figure 2 Image take by Gigapan Voyage from Black Point Lava Flow Field Test 2009: For more detail, see
http://gigapan.org/gigapans/32871/

Figure 3 Gigapan from field test: For more detail, http://gigcapan.org/gigapans/32848/

Make your own

Figure 5. Detail of Basalt from Figure 4
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Figure 6 Inside of the Robot Shelter Area at Base Camp http://gigapan.org/gigapans/32812/

Figure 7 EVA Area identified in Gigapan Voyage, DRATS 2010
http://www.gigapan.org/gigapans/58273/

Figure 8 Colten Crater at Black Point Lava Flow 2010
http://www.gigapan.org/gigapans/58434/
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HARDWARE

The Gigapan Voyage hardware currently consists of the following components:

1) TracLabs Biclops Pan-Tilt Unit — This particular unit was chosen due
to speed, payload rating, and encoder feedback capability, but any
computer-controllable pan-tilt unit can be used. \
2) Canon G7/G9 Camera — Any camera supported by the gPhoto® open- =

source library can be used.

3) Commercial low-cost USB GPS unit, GlobalSat, Part #BU-353

4) Small USB hub, Part #PA055U

5) Laptop running RedHat Enterprise Linux 5.

SOFTWARE

The GV web-interface consists of five tabs: “acquire”, “stitch”, “explore”,
“timelapse”, and “admin”. Via the “acquire” tab the user can set various capture parameters such as zoom, white balance,
field of view, and overlap. The user can also specify the type of stitching they would like (i.e. fast, low quality stitching

Gigapan Voyage for Robotic Reconnaissance

Figure 9 Gigapan Voyage Pan/Tilt Unit,
Camera, & Laptop

versus slow, high quality stitching).

@ GigaPan Voyage - Mozilla Firefox
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The user can immediately start another
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Acquire Stitch | Explore | Administration

Acquisition Status

Stalus Acquiring panorama.

Progress (I
Actions  Cancel

Panorama Size & Time Estimate Rows: 2, Cols: 3, Time(m): 0.93

Panorama Acquisition

16%

Pan Paramsters:

Min M degrees

Tilt Parameters

Min Ma degrees

Focal Length

Approsimate

Overlap

Approximate: [15 | %

White Balance:
Stitch Options: 7] Automatically stitch after acquisition
Stitch in draft mode
Slitch in halfsize mode

Done

[ |
Single Image - Low Res Use this preset
Pan: 0 deg, Tilt -20, Zoom: 7.4mm

Narrow Pan - High Res Use this preset
Pan; +/-20 deg, Tilt: -20 10 +10 deg, Zoom: 4mm
Rows 7, Cols 7, Time (m): 5.23, Stitch Time (m): 27

Medium Pan - Low Res Use this preset
Pan: +-60 deq. Tilt -4010 +20 deg. Zoom: 7.4mm
Rows 2, Cols: 3, Time (m): 0.93, Stitch Time (m): 2

Medium Pan - Medium Res Use this preset
Pan: +-60 deg, Tilt -4010 +20 deg, Zoom: 25mm
Rows: 7, Cols: 10, Time (m): 7,33, Stitch Time (m): 32

Wide Pan - Low Res Use this preset
Pan: +-90 deg Tilt: 45 to +20 deg, Zoom: 7.4mm
Rows: 2, Cols: 4, Time (m): .13, Stitch Time (m): 5

Wide Pan - Medium Res Use this preset
Pan: +/-90 deg, Tilt: -4010 +25 deg. Zoom: 25mm
Rows 7, Cols 15, Time (m): 10.83, Stitch Time (m)
45

Figure 10 GV web interface

[T

-, Panorama capture once stitching has
- started. The “stitch” tab shows a queue

of pending and executing stitch jobs.
These jobs can be monitored by the
user for progress and view the raw
images while waiting for the stitch to
complete.  Once a stitch job is
complete, the resulting panorama is
viewable via the explore tab, similar to
the gigapan.org website. Finally, the
admin tab is used to start and stop the
hardware.

Camera control including parameter
setting and image download is
performed using the open-source
gPhoto Linux library. Using gPhoto

we are currently controlling the

|| camera’s aperture, exposure, zoom, and

white balance. A test shot at the center
of the desired panorama is taken in auto
exposure mode first. The auto settings
from the test image are then locked on
the camera for that particular panorama
capture.  Coordination between the

camera and pan-tilt unit is performed via in-house proprietary controller software which takes input from the web interface.

The web interface is served using the Apache web server and built using a plethora of open-source technologies including
Django, mod_wsgi, SQLite, jQuery, and AJAX techniques.

The actual panorama stitching is performed using the Gigapan Stitcher?. Panorama exploration is available to users using the
same Adobe Flash-based interface as used by gigapan.org. See appendix for the user manual and screen shots of the system.

! http://gphoto.sourceforge.net/

2 http://gigapansystems.com/gigapan-products/gigapan-software/gigapan-stitcher-software-information.html
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BANDWIDTH LIMITATIONS

To better simulate a Lunar Mission and to play nice with other instruments sharing the network connection, Gigapan Voyage
includes a bandwidth limiting feature. To achieve this we used the mod_bw Apache module® for the 2010 tests and provided
the science team with the table below to help them prioritize the type of Gigapans they wanted to take.

Preset Name Parameters Folder size Stitched Stitched data
(MB) datasize %
(MB)
Survey Panorama Pan: -180.0 to 180.0 deg, Tilt: -25.0 to 20.0 deg, 98 71 72%

(2 min, 2 rows x 9 cols.) Zoom: 7.4 mm, Stitch Time (m) : 4

Survey Panorama Pan: -180.0 to 180.0 deg, Tilt: -15.0 to 10.0 deg, 136 80 59%

(7 min, 3 rows x 22 cols)  Zoom: 20.0 mm, Stitch Time (m): 7

Survey Panorama Pan: -165.0 to 165.0 deg, Tilt: -30.0 to 10.0 deg, 188 111 59%
(10 min, 4 rows x 24 cols) Zoom: 25.0 mm, Stitch Time (m): 11

Med Pan - Low Res Pan: -60.0 to 60.0 deg, Tilt: -40.0 to 20.0 deg, 25 19 76%

(<1 min, 2 rows, 3 cols) Zoom: 7.4 mm, Stitch Time (m): 1

Wide Pan - Med Res Pan: -90.0 to 90.0 deg, Tilt: -40.0 to 25.0 deg, 168 97 58%

(8 min, 6 rows x 13 cols)  Zoom: 25.0 mm, Stitch Time (m): 9

Table 1 Some Sample Pre-sets for 2010 Desert RATS Field Test

NEW FEATURES FOR 2010
For the 2010 DRATS field test we added the following features to better serve the scientists:

- GPS location information encoded into each Gigapan

- Archive server updated nightly to allow users in the field to view old data via faster network connection + Google
map integration

- Updated Stitcher to new Gigapan.org stitcher that is about 10 xs faster than the one used in 2009.

- Updated Viewer

- Option to use the camera as a viewfinder (hidden by default due to bandwidth limitations but easily enabled)

- Easier to add new preset or edit existing ones

- Two identical units, one on each LER

- Bandwidth modulation has been incorporated into the system so that the web-server automatically limits how much
data is being served. To the user, the system may seem slower when viewing raw tiles.

FUTURE WORK
Simplify Hardware Control Software

Currently the software that controls the camera and the pan-tilt unit is identical to the software running on IRG’s robots. This
has helped speed up software development; however, it has also made the software more complex than necessary. In the
upcoming year we hope to remove this dependency and be completely open-source.

% http://bwmod.sourceforge.net/
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Lower Cost Components
As currently designed the Gigapan Voyage system is approximately $4,000.
The cost breakdown is as follows:

$2000 for the Pan-Tilt Unit

$1500 for the Dell Laptop

$500 for the G9 Camera

$100 for miscellaneous cables, hubs, and GPS unit.

We are looking into lower cost options for each component of the system and working with Randy Sargent and the Global
Connection Project to see if we could modify the Gigapan Epic Pro units to replace the Pan-Tilt Units we are currently using.

Time-lapse

Currently Gigapan Voyage contains the option to schedule and take Time-Lapse Gigapans. This tab is hidden by default but
can be easily added by modifying one configuration file. The goal for 2010-2011 is to ruggedize the system so that the units
could be left in remote areas for long periods of time without physical user intervention. This will also entail running the
entire system off of solar power.

There are currently two proposals being reviewed by NASA to use the Gigapan Voyage system’s time-lapse capabilities to
study climate change. If funded this work would begin at the end of 2010.

CONCLUSION

The scientists found the Gigapan Voyage system to be intuitive and useful enough to include in the 2010 field experiments
which translates into a success for the 2009 test. For the 2010 test, we would like to get more detailed feedback from the
scientists regarding the scientific impact of the Gigapans.

The primary issues with the system were:
(1) If a scientist was trying to download a full resolution image, the system would use a lot of bandwidth possibly
interrupting other data streams from the Lunar Electric Rover. We have addressed this issue by adding the
bandwidth limitation.
(2) The pan-tilt unit needed to be repaired twice due to extreme vibrations. We have addressed this issue by
working with the vendor (TracLabs) to create a retrofitted version of pan-tilt unit.
(3) The camera needed to be serviced once due to cables becoming loose. We have tried to address this issue by
getting different cables but we expect that we will need to service the cameras at some point during the 2010 field
experiment.
(4) The size and number of Gigapans the scientists could acquire was ultimately limited by the schedule restrictions
of the Lunar Electric Rover. We have not resolved this issue since it is limited by the speed of the pan/tilt and
camera system we are currently still using.

Gigapan Voyage is facilitating connections between the rich world of Gigapan imagery to the real needs of scientists and
astronauts. By expanding the realm of how Gigapans are used and integrated we hope to find new and surprising uses for the
Gigapan Voyage system. In the near future we hope to give access to this system to educators and students around the world.

We would like to thank the Gigapan.org community and especially Randy Sargent for all his encouragement and guidance.
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