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~ Deployable Tracking Systent:.

¢ Why Track Satellites?

— Need to know satellite activity
* Friendly or Spy?
* What is it doing?
* Where is it looking?
— Quantity
* Many transportable telescopes
* Not dependent on observatories (i.e. AEOS)

¢ Tracking with Low Residual Error

— Keeping Satellites Centered in the Field of View (FOV) as they orbit
over head & Observation Emors SN




~ Conditions for Success?

North Finding

|

Self Leveling * Mobility > GPS Enabled

Deployable Tracking System

High Slew

Speeds Accuracy Resolution > k,ﬁ:?oer

Precise Satellite High Speed
Orbiting Data Camera



Focus
F=2000mm

Slew Rate
8° per second

8 x 50mm Viewfinder

*GPS Alighment System
*True-Level Sensors
North Electronic Sensors

Autostar 1l Control System




Help

1SS Monitor

~ Current Position
Azimuth: +318.621 °

Elevation: -31.383 °
Range: +7251.674 km

Latitude: +51.7631 ° N
Longitude: +124.3601 *E
Altitude: +339.451 km
R&:02hr30m39s
Dec: +24°23m49s

File Satelite Telescope Yiew Options
Jul 20 2006 16:28:14.8  Set | << Close Monitor
Object Data TLE Data l Seject Opject Al & Above Horizon Tefescope Tracking
Satellite Name‘: COSMOS 1782 [~ Elevation»[10 = * AIliludeIA" vI START
NORAD No..' 16388 [V &scending Only Tracking
Launch Yr/No.: 1986/074 ™ InSun Onl Direction | All vI =
T+Epoch: +1.232421 n Uniy .
Julian Date: +2453937.602950 I Favorites Rleset Fiters | Al Meadinizead
Local Time: 16:28:14.8 I Never Observed ‘
UTC Time: 02:28:14.8 I” Geostationary Only [~ List by NORAD }Dec. Tracking Stopped
Azimuth: +266.709 * i I
Elevation: +65.071 * Rif'e;.h L:[s t] l cusm.o > :82 (w1 ] Timing Offset (sec.]
Range: +621.129 km paleEls il [205
Velogity: +27302.82 k/hr Al g"eif:y Qg . >%hd Eme
Latitude: +20.7285 ° N Observation Log —— il
Longitude: -158.7215 * E Alignment Adjustment [steps)
Altitude: +568.175 km Sky | word [ o [|EE
B R4 10h12m46s Map | Map DWEIQ QIHP
A Dec: +17°29m00s - . . .
ey vt | Predict . o [ Joystick Adjust Mouse Ad|usl|
Sun ‘West, Ascending "% | Pass View Plan | Sefec! Tracking Method
Location ' 1 C 2 C 3 ade[E  m TLE File  Download | Continuous Leap Frog
Site name |Sugar Cane Ll |20.86853 N IIZ ALXSAT \wisual te Telescope Connection

UTC Offset|-10

hours

Longitude |'1 56.416

Batch Predict I Open File |

Connect |IZDM Port |1 'I

— Next Pass
ADS: 13hr20m17 s
LOS: 13hr29m56 s
Max. Elev.: 32° at 05:53:21
Duration: 00hr09m 39 s
™ Alert when visible

S

. ) 2
COSMOS 1782 NORAD: 16986 Jul 20 2006 16:28:13

[V Draw Constellations

Close |

Satellite Tracker processes Two Line
Element Sets (TLES) to predict satellite
orbits. The telescope uses this data to
point towards and slew with the passing

satellite.

COSMOS 1782

The predicted pass of



Lunar Planetary Imager (LPIJ’

LP! mounted on LX200

Color CMOS Chip with a
640 x 480 pixel resolution
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Save Every
V Irmage
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Binary tar - Alhireo

known separation: 34.3 arc-seconds

LPI FOV: 640x480 pixels
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~ Albireo - 3x Magnification ~ .

Average IFOV
.267 arc-seconds/pixel

95 pixels 130.2 pixels

89 pixels
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_ Conditions for Tracking” = -

OO

¢ Weather

¢ Terminator

— The time period when satellites reflect sunlight, making them visible
* A few hours after sunset
* A few hours before sunrise

¢ Satellite Magnitudes
— Visibility of the satellites




Finding Residual Errorr = -

S TIPS o f

# Observation Errors '

*Take about 100 frames
*Find de-centered distances in arc-seconds

«Calculate average with a standard deviation




' SI W
Contered - o, ki

Sﬁ@m

reédy for imaging




~ Autostar |l

Used for Manual Tracking

| Controls telescope

slew direction
Controls telescope

slew speeds
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Conclusion

Is Satellite Tracking Feasible?

Yes No

*Able to slew with satellites -Unable to center when using Satellite Tracker
*Able to manually track satellites

*Able to image
*Able to manually track planes

Improvements?
Satellite Tracker telescope controlling software
Time

¢ Deployable Tracking System
— With better software, it will successfully track satellites
— With a much larger aperture, it should successfully image satellites
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