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The Andromeda Galaxy (M31). Long exposure photo by Rob Gendler.
From: www.robgendlerastropics.com - used with permission
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Introduction & Motivation

Increase the general
public’s interest In
astronomy

Deep sky objects hard to
perceive

No online information
provided

Educational and visual help

Eyepiece view of the Andromeda Galaxy (M31)
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Eyepiece views compared

* Long exposure overlayed / offset photo of the
observed object

« Additional information (astronomical data,
animations)
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Light paths
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Related Work

* Video see-through
— Augmented Reality Telescope [Stricker 05, Zoellner et. al. 05]
» Augmented coin operated binoculars
e Optical see-through — no magnification

— An Astronomical Observation Supporting System Based

on Wearable Augmented Reality [http://chihara.aist-
nara.ac.jp/people/98/ken-n/research/mid3texE/mid3E.html, 1999]

 Wearable computer application using an HMD
e Optical see-through — up to 3x magnification

— Development of the Varioscope AR - A See-through HMD
for Computer-Aided Surgery [Birkfellner et. al. ISMAR 00]
» Medical application using moderate magnification
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Celestron SkyScout

Handheld device to identify
objects on the sky

GPS, magnetic and gravitational
sensors to determine location /
orientation

Points the user to a desired object
using LED arrows in the
VI veI N der From: www.dlmag.com

Has audio description available
for most interesting targets

No graphical capability directly in
the viewfinder

DLMAG.COM
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Human Visual System

* High luminance range
— Need for adaptation

e Dark adaptation — takes long time (up to 30 min)

* Projection system — Has to assure low luminance
values
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System Overview

Components

e Computer Controlled
Telescope

 Portable PC
* Projection Unit

Optional

e Off Axis Guider
e CCD Camera
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Telescope Overview

10” Meade LX200 GPS
Telescope

e Motor driven
 Computer controlled
 GPS for calibration

e Periodic Error Correction

e Hand controller - select
desired objects

 Balanced to handle
additional weight

From: http://www.meade.com/Ix200gps/images/Tubebalanceweightsystem.gif
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Telescope Optical Characteristics

 Telescope’s task
— Magnification
— Increase Light gathering capacity
— Resolution increase

From: http://commons.wikimedia.org/wiki/Image:Diffraction_disc_calculated.png

 Theoretical Telescope Resolution
— 115.82/D for D=250mm > 0.46 arc-seconds

« Typical atmospherical seeing 2 arc-seconds
— Good sites can achieve 1 arc-second

e Qur system virtually increases light grasp for a given
magnification
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Projection Unit

« Digital Light Processing (DLP) Projection Engine
e Color LED Projection Head

* High contrast (500:1)

 Beam splitter included (90% - 10%)
 Dimmable

o Additional Neutral Density (ND) Filters
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Projection Unit Optical Characteristics

Digital Mirror Device (DMD)
with 0.7“ diagonal and XGA
resolution (1024 x 768 Pixels)

Lens with 1.55x magnification

Projected image diagonal at
the common focal plane Is
1.26 “

R eso I utl on Of ~ 1 . 5 arc- From: http://article.pchome.net/00/07/00/79/dvi-dlp.jpg
seconds / pixel
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Projection unit mounted on scope

Relatively small size

Optical see-through

Telescope light
gathering
maintained

Suited for any
optical see through
application where
magnification
needed
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Planetarium Software

As basis: Stellarium
http://stellarium.sourceforge.net

Whole sky planetarium software

Date, time and position on earth —
synchronized with the telescope

Object database synchronized with telescope
database

Added

— Telescope communication
— Deep sky objects
» Position, additional information and texture
— Capalbility to play movies
— Custom user interface
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Input Device

e Use hand controller instead of PC
keyboard

 Modified hand controller cable
— Hand Controller -> COM

* Intercept pressed keys

e Assigned the “?” key to scroll
between possible magnifications
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Additional Information

Astronomical
Information about
the object
— Name, position,
brightness
Eyepiece In use
Observing
magnification
User has online

access to
Information
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Additional Information - Visualization

e Option to play movie clips during observing

« 3D distribution / evolution in time of the observed
object

« Animations from NASA / previous work

From:
http://hubblesite.org/gallery/video/hm_helix_twist/

Constra_urjed Inverse Volume Rendering for Planetary Nebulae Reflection Nebula Visualization
IEEE Vis’04 -
IEEE Vis’05
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Hubble’s Variable Nebula

 Deep sky object
observing support

* High resolution,
color photograph

 Additional
Information
directly in the
observer’s field of
view
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Saturn and Moons

 Planetary
observing support

e Support for
Identification of
small moons

e High resolution
Image with
planetary structure
visible
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Movie
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Conclusions

System to support astronomical observations

High resolution photos of the object projected
directly in the eyepiece view

Additional information, photographs and
animations

Dark adaptation maintained

Projection module — can be used in other
applications
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Future Work

« Add audio capability

 Gather more user feedback to
Improve the system’s utility and
usage

« Add a full mapping of the
Moon'’s surface
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Thank You!

* Submitted a German Patent
* New Scientist: http://www.newscientistspace.com/article.ns?id=dn8653
e Slashdot: http://science.slashdot.org/science/06/01/31/2118221.shtml

Our thanks go to Christian Weber for the help
provided customizing the planetarium software

More Info:
Wwww.grovis.de
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