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System 1 AutotrackingSystem Startup Procedures 
(Cont)

ÅThe System 1 AutotrackSystem contains multiple hardware components 
that need to be connected to provide autotrackingcapabilities

ÅThe new System 1 hardware is integrated onto a black shelf that is located 
in the Mount Control Rack placed to the left of the Operator workspace 
area in the Trailer

ÅBringing up the system will require the operator to access both the front 
and back areas of the System 1 shelf

ÅBefore connecting the system, ensure that the power to the mount in the 
Pedestal is turned off and verify that all the Legacy Mount Control Switches 
are in the Neutral Position and the System 1 VFD Switch is toggled Off (the 
VFD Switch is identified later in this briefing)
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System 1 AutotrackingSystem Startup Procedures 
(Cont)

Here are the high level steps to bring up the System Autotrackingsystem:

1. Ensure that the power to the mount is turned off and the Legacy Mount Control 
switches are in the Neutral Positions and the System 1 VFD switch is toggled off.

2. Move the Jones Plug from the Legacy Mount Control Chassis to the System 1 Shelf 
(located in the back of the Mount Control Rack)

3. Power up the Mount Motor and Electronics in the Tower
4. Plug in the USB Hub in the System 1 Shelf (located in the back of the Mount 

Control Rack)
5. Plug in the Operator Console Laptop USB cable to the USB socket on the Front 

Panel of the System 1 Shelf
6. Boot the Operator Console Laptop and log into the system.
7. Verify that the Time Machine NTP server is up and sync’d to GPS
8. Verify that the Raspberry Pi and the Operator Console are sync’d to the Time 

Machine NTP server
9. Toggle the System 1 VFD switch to the On position.
10. Execute and operate the System 1 software
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Back Of Mount Control Rack ςIn The Trailer

Back of Mount Control Chassis

Back of System 1 Shelf
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Ensure Mount Motors and Electronics are Off

Bottom of Pedestal –Power Box

Right Double 
Pole - Power 
Down the 
Mount Motors
And Electronics
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Back of Mount Control Chassis with inserted Jones Plug –
Legacy Configuration

Back of System 1 Shelf with Empty Jones Connector

Move the Jones Plug to the System 1 Shelf
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Move the Jones Plug to the System 1 Shelf (cont)

Back of Mount Control Chassis –Empty Jones Plug
Socket

Back of System 1 Shelf –Inserted Jones Plug –
System 1 Configuration
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Power Up Mount Motors and Electronics

Bottom of Pedestal –Power Box

Right Double 
Pole - Power 
Up the Mount 
Motors
And Electronics
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Plug in the System 1 USB Hub

Provides 5 Volt power to the
NumatoRelay System and
the LabJackU3 and LJTick-DAC
devices
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Plug in the Laptop USB Cable into the System 1 
Front Panel

USB Cable provides Communication Path to Numatoand LabjackDevices
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Boot and Login to the Operator Console 
Laptop
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±ŜǊƛŦȅ ¢ƛƳŜ aŀŎƘƛƴŜ ƛǎ tƻǿŜǊŜŘ ¦Ǉ ŀƴŘ {ȅƴŎΩŘ

ÅLocated on the table behind the 
Mount Control Rack in trailer

ÅPOW should be Green

ÅLOCK should be Yellow

ÅSEC should blink Yellow once a second

ÅProvides accurate time to the 
Raspberry PI and Operator Console 
Laptop
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Verify Time Sync on Raspberry Pi and Operator 
Console (Bring up a Terminal Window)

Click on the Terminal Icon
Located in the Lower Left 
Portion of the Desktop to 
bring up the Terminal 
Window
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Verify Time Sync on Operator Console Laptop

ÅUse ntpq ïp command to look at 
NTP time sources

Åtimemachineshould be listed

ÅUse date command to provide time 
and date information

ÅLaptop displays current Mountain 
Time (MDT or MST)
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Verify Time Sync on Raspberry Pi

Åsshinto RasberryPi from Operator Console 
(User: haswell, Password: Haswell$01)

ÅUse ntpq ïp command to look at NTP time 
sources

Åtimemachineshould be listed

ÅUse date command to provide time and date 
information

ÅRaspberry Pi displays UTC time not MT

ÅMDT = UTC –6 Hours

ÅMST = UTC –7 Hours

ÅVerify that the Pi and Laptop times are 
synchronized

ÅUse exit command to return to Operator 
Console
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Toggle On the VFD Switch

Å Provides 24 Volts to the NumatoRelay system which controls the hardware enabling 
of each axis and autotracking

Å VFD light will only illuminate when the System 1 software is running

17

Deep Space 
Exploration 

Society



Start The System 1 Software

Double Click on the
Operator Console 
Automatic Icon
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System 1 Operator Display

Green Indicates
Connection to 
Raspberry Pi.
Red indicates 
disconnected 
from the Pi.

Encoder Values

Allows the Operator to Display RA/DEC Position Data in Hours, Minutes and Seconds
Or Decimal Degrees

Allows the Operator to Display Rate 
Data in Degrees or ArcSeconds

Local Sidereal Time Current UTC
Time
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System 1 Commands Pulldown

ÅThe Commands Pulldown allow access 
to the System 1 Commanding

ÅAstroGuide–A series of Displays 
which shows the current position of 
the Mount on a Sky Map and provides 
the Commanding Displays for 
Automatic Tracking.

ÅLogging Level –Allows selection of 
different Levels of Logging Data

ÅShutdown Server - Allows the 
Operator to Shutdown the Raspberry 
Pi Software (which then restarts) or 
the Raspberry Pi hardware 
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Starting Up the AstroguideSoftware for Automatic 
Track Commanding
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AstroguideWindow and Skymap

ÅThe main window for AstroGuideprovides 
a Skymapthat displays the current pointing 
location of the mount and the surrounding 
celestial objects (stars, prominent nebula, 
pulsars, the sun and the moon) 

ÅCelestial data can be displayed in Ra/Dec, 
Az/El or Galactic coordinates

ÅObjects can be selected from this map for 
Object tracking or Az/El pointing

ÅThe operator can Zoom In/Out and Pan 
around the display to locate objects for 
selection
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Initiating Automatic Tracking

From the Window Pulldown select Automatic Tracking
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Automatic Tracking Window

Position Input Fields for 
RA/DECAutomatic 
Tracking Commanding

Position Input Fields for 
AZ/EL Position 
Commanding

Mount State while a
command is executing
- Slew or Track

Current Mount 
Position 
And Rate Status

Execute a CommandCancel a Command
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Automatic Tracking Commands

ÅRA/DEC –Based on an inputted position, 
the mount will slew then track a position 
(object) until the command is canceled

ÅAZ/EL –Based on a inputted position, the 
mount will slew to the indicated position 
then stop (no tracking)

ÅMoon –The mount will slew the antenna 
to the moon position then track the 
moon at moon rates (slightly different 
than sidereal rates)

ÅStow –The mount will slew to the stow 
position (317.0,89.0) and stop
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Inputting Position Data

ÅThere are 3 major ways of inputting position data into AstroGuide:

1. Operator inputted data into the Automatic Tracking Window
ÅOnce the operator selects a command type (RA/DEC or AZ/EL), the appropriate fields can 

be edited with the position data
ÅFor RA/DEC, Right Ascension can be inputted as Hours, Minutes and Seconds.  The 

Declination data is entered as Degrees, Minutes and Seconds
ÅFor AZ/EL, decimal degrees are entered in the Azimuth and Elevation fields

2. SkymapSelection
ÅThe operator can select a celestial object and a popup will appear detailing the object 

position and a button that allows the operator to copy the position data
ÅThe operator can select a position on the Skymap(non-object) and a Selected Position 

popup will appear detailing the selected position and a button that allows the operator 
to copy the position
ÅOnce a position has been copied, the operator can select to paste the position data into 

the command form (RA/DEC or AZ/EL)
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Inputting Position Data (cont)

3. From the Radio Source Table

ÅFrom the AstroGuideWindow pulldown, the operator can select Radio Source 
Table

ÅThe Radio Source Table contains a listing of Radio Sources that can be tracked

ÅFrom the Radio Source Table window, the operator can select a source, then 
select the Edit pulldown to copy the position data

ÅOnce a position has been copied, the operator can select to paste the position 
data into the command form (RA/DEC or AZ/EL)
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Inputting Position Data ςOperator Inputted

Position Input Fields for 
RA/DECAutomatic 
Tracking Commanding

Position Input Fields for 
AZ/EL Position 
CommandingPosition Commands

Execute the CommandCancel a Command
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Inputting Position Data ςSkymapSelection

Double Click on an Object - (M106)
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Inputting Position Data ςSkymapSelection (cont)

Click on the “Copy RA/DEC button” to copy the Position Data
(This will also copy the AZ/EL Data)
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Inputting Position Data ςSkymapSelection (cont)

3. Execute the Command

1. Select a Command
Type = RA/DEC or
AZ/EL

2. Paste The Position
Data
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Inputting Position Data ςRadio Source Table 
Selection

From the Window Pulldown - Select Radio Source Table 32
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Inputting Position Data ςRadio Source Table 
Selection (cont)

Table of Radio Sources which can be Selected
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Inputting Position Data ςRadio Source Table 
Selection (cont)

Select a Source, then the Edit Pulldown and finally select “Copy RA/DEC”34
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Inputting Position Data ςRadio Source Table 
Selection (cont)

2. Paste The Position
Data

1. Select a Command
Type = RA/DEC or
AZ/EL

3. Execute the Command
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Moon Slew

1. Select Moon –For 
Moon Track

2. Execute the Command
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The Mount Slewing
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Current Mount State
(Slew)

Current Axis State:
Az- Moving CCW Direction
El  - Moving Down Direction



The Mount Tracking
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Current Mount State
(Track)

Current Axis State:
Az- Axis Off
El  - Moving Down Direction



άwǳƴŀǿŀȅ aƻǳƴǘέ 9ƳŜǊƎŜƴŎȅ tǊƻŎŜŘǳǊŜǎ

ÅSystem 1 hardware/supports a Watchdog Timer and Watchdog Timer Relay.  When the Watchdog 
Timer fires, the Watchdog Timer Relay de-asserts the 24 volt “VFD On” signal.This signal goes to 
the contactor that controls power to theAz/El axes. If “VFD On” is set to the off state (de-
asserted), the contactor in the pedestal will kill power to both mount axes which will result in the 
brakes for both axes being set and arresting the movement of the mount. 

ÅIf the System 1 software hangs or fails, the Watchdog Timer won’t be re-enabled, via software, 
and the Watchdog Relay will kill the 24 volt power to the System 1 relay coils that are used to 
enable/disable the Azand El axis controllers thus disabling the System 1 relays and their control 
of the Az/El motor controllers. The Timer is currently set to 5 seconds.

ÅTerminate the System 1 software then restart the software to trouble shoot the issue

ÅIf the above processing fails (The mount continues to travel after 5 seconds then):
ÅImmediately toggle off the System 1 VFD Switch
ÅIf possible, terminate the System 1 software
ÅRemove the Operator Console USB Cable and unplug the USB Hub on the System 1 Shelf
ÅPower down the Mount Motor and Electronics in the Pedestal
ÅShutdown the Operator Console Laptop then restart the system following the Startup Procedures to trouble 

shoot the issue
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System 1 AutotrackingSystem Shutdown 
Procedures (Cont)

To Shutdown System 1 Hardware/Software:

1. Use the System 1 Software to Stow the Mount
2. Shutdown the Raspberry Pi Hardware
3. Terminate the System 1 Software and Shutdown the Operator Console
4. Toggle Off the System 1 VFD Switch
5. Disconnect the Operator Console Laptop USB Cable from the System 1 Shelf
6. Unplug the System 1 USB Hub, located on System 1 Shelf (Back of Shelf) 

and place the power plug on the Shelf (not on a shelf component) 
7. Power Down the Mount Motor and Electronics in Tower –Switch Located In 

Bottom of Tower
8. Move the Jones Plug from the System 1 Shelf (back of Shelf) and plug into 

the back of the Legacy Mount Control Chassis
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Stow the Mount

1. Select Stow –To 
Stow the Mount

2. Execute the Command
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Shutdown the Raspberry Pi Hardware

ÅBefore you power off the Mount 
Motor and Electronics, the 
Raspberry Pi hardware needs to be 
shutdown
ÅThis command shutdowns the 

Raspberry Pi OS and hardware 
cleanly before the power is 
removed.
ÅThe Raspberry Pi hardware can be 

restarted from the Trailer by 
toggling the “ON” switch located 
on the North wall behind the 
computer racks
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Terminate the System 1 Software and Shutdown the 
Operator Console

Click on the “x” to 
Shutdown the  
System 1 Software
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Terminate the System 1 Software and Shutdown 
the Operator Console (cont)

44

Deep Space 
Exploration 

Society



Toggle Off the System 1 VFD Switch

Toggled Off
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Disconnect the Operator Console Laptop 
USB Cable from the System 1 Shelf

USB Cable Removed
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Unplug the System 1 USB Hub

Unplug the Power Connector
and lay it on the System 1 Shelf
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Power Down the Mount Motor and Electronics

Right Double 
Pole - Power 
Down the 
Mount Motors
And Electronics
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Move the Jones Plug to the Legacy Configuration 

Back of Mount Control Chassis with inserted Jones Plug –
Legacy Configuration

Back of System 1 Shelf with Empty Jones Connector
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Before Leaving the Site

ÅEnsure the Mount Motor and Electronics are Powered Down

ÅEnsure the Operator Console Laptop is Powered Off

ÅFor System 1 AutotrackingControl:
ÅEnsure the VFD Switch is Toggled to Off

ÅEnsure the USB cable is Disconnected from the System 1 Front Panel

ÅEnsure the System 1 USB Hub is Unplugged

ÅEnsure the Jones Plug is in the Legacy Position

ÅEnsure the Pedestal and Trailer Lights, Heater and Air Conditioners 
are off, verify that the Restroom power is off and the door is secured 
and the facility is Padlocked 
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