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-+ = Overview, Power Control Backup Power. & S
3 AIISky Camera, Cloud Rain Sensors &

e ATyplcaI nght of Remote Imaglng

| £ AFew Astro Images
o & Resources
e Gettlng in: Touch



_ AlitleAboutMe..

| - |—|app|Iy marrred husband and father_.__ e :

Former Engrneerrng Manager |n
Boerng Space busrness |

- Retrred 2015 , -

Amateur astronomer for 30+ years |

| - .- Observational and more recently
3 S astrophotography

- = RAS Member for severaI years

e Dreamed [o] havrng an observatory forf.
- many years ,

R

Enjoy traveI photography (mcludrng
nrghtscapes) gurtar famrly hlstory

.



* Dreaming to Building - s_‘ete‘c"t_mgi the Site’
f Op|ect|v Burld an’ observatory far from crty Irghts on the .

w _site that would, doubIe asa vacatron home N the
mountalns :

b Vrsual Astronomy

Astr0|mag|ng ¥y P 3
EIectronrcaIIy Assrsted Astronomy Outreach

© = Citizen SC|ence

« ' We seIected a property outsrde the Gold Rush fown of -
Marrpos_a (Bortle class 3) — Purchased December 2014

. » Pros: I e

e Reasonably dark Iocatlon

- Comfortable sIeeplng arrangements on srte —no warm room
- needed ' : . : -

THour favonte Natlonal Park nearby' -

0 Cons A

o Long drrve (No dark srtes |n the Iocal mountalns)
' % Autonomous systems need to be v_ery robust

= Not the cheapest option...

. darksitefinder.com/maps

.



Observatory Desrgn/Bwld Detatls

. Contractor bund
- e Days in November 2017

s Backyard Observatones |
- (www., backyardobservatones com )

. RoII oﬁ‘ roof deS|gn

Inconsplcuous S|mpI|f|ed controI .
= RoII off to the east away from the road |
B Slze 15’x 8’ (120 ft2) |
% — Ayeids buﬂdrng p,ermlts) o

b External ‘plug-in” power - -
e Accommodates two plers -,
.— Astr0|mag|ng (N) Observat|onal (S)
TBD . - | gy h
..— PIatform roor ‘

-+ Cheaper-than concrete srmpllﬂes cable runs
s underneath : & 4 :




Obsérvatory Bwld 49

Tlmree Days in 60 Seconds...-_
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Telescopes

Photoshop

.. Telescope
.'— Celestrcm C- '
e X - e Celestron
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& -Ste_llarvue, " . .
. SV70ED 70 . * Mount: -
" mm refractor . T S
2 o = loptron
Mount CEMlZO—
5 CGEME | % ECZ. - |
Imagjhg Camera X 'Imagmg n
~ Canon 60D - - Camera. -
§ DSLR, then:.. e e = - ZWO0 AS|294
- ZWOASI294 ¥ MC Pro (10.7 -
. MCPro(10.7 . Mpixel Color
- Mpixel Color Cooled)
Cooled). ' e
Sk . Gwde
.» Guide Cameral :
- . Camel’aIScope
- -Scope X . e
% SOlY5LY] 1 5 & QHY5L || 1 2;
- *Mpixel mono Mplxel mono
.= Astromania 60 F Astromanla
‘mm Scope 60 mm |
~ Software: | i | | : _ _ Scope
= Nebulosﬂy _. 2017 - 2020 - _ e ol 2020 Pl’esent B o Software
—PHDZ ' : '.—NlNA
E g;ipkfrky - 4 T RHD2
o , ~ Pixinsight



Phase 1

Phase 2a

Phase 2b

Phase 3a

Phase 3b

Control Location

Observatory

Mariposa Home

Mariposa Home

SoCal Home

SoCal Home

Capabilities

s Local Manual Startup, Shutdown
» Manual Operation

» Manual Startup/Shutdown
» Tele-Operation Imaging

+ TeleOp Startup/Shutdown
* Remote Autonomous Imaging

+ TeleOp Startup/Shutdown
+ Remote Autonomous Imaging
+ Manual safety monitoring

+ Full Remote Autonomy
+ Remote Autonomous Imaging
» Automated Safety Monitoring

(Observatory Control

Roof Motor Control

Manual (Hand Controller)

Manual (Hand Controller)

HA/Node-Red Software Contral

HA/Node-Red Software Control

HA/Node-Red Software Control

Control Hardware/
Operating System

None

None

Raspberry PifLinux

Raspberry PifLinux

Raspberry Pi/Linux

Control Software

None

None

Home Assistant/Node-Red

Home Assistant/Node-Red

Home Assistant/Node-Red

Safety Systems

Situational Awareness Cameras

None

None

Two 5 MP PoE Reolink Cameras

Two 5 MP PoE Reolink Cameras

Two 5 MP PoE Reolink Cameras

Roof Clearance Detect

TBD

TBD

N/A (Mo Interference Possible)

N/A (No Interference Possible)

MN/A (Mo Interference Possible)

Rain Detect

None

None

None

MNone

Rasp PilHA/Mode-Red Software

Network Loss Detect

MNone

MNone

Rasp Pi/lHA/Mode-Red Software

Rasp Pi/HA/Mode-Red Software

Rasp Pi/HA/Mode-Red Software

Power Loss Detect

None

None

Rasp Pi/lHA/Mode-Red Software

Rasp Pi/lHA/Mode-Red Software

Rasp Pi/lHA/Mode-Red Software

Backup Power

MNone

Mone

MNone

Renogy Inverter/Battery Backup

Renogy Inverter/Battery Backup

Lighting

Red, white wiwall switch control

Red, white wiwall switch control

Red, White with Smart Switches

Red, White with Smart Switches

Red, White with Smart Switches

Weather

Indoor/Qutdoor Temperature, Wind,
Rain, Barometric Pressure

None

Ambient Weather WS-0900

Ambient Weather W5-0900

Ambient Weather WS-0900

Ambient Weather WS-0900

AllSky Camera

None

None

None

Custom - Rasp Pi, Jacquin AllSky
Software

Custom - Rasp Pi, Joaquin AllSky
Software

All Sky Cloud Sensor

Mone

Mone

MNone

Mone

Custom — Integrated wiAlISkyCam

Rain Sensor

None

None

None

Mone

Hydreon RG-9

limaging System

Telescope

Celestron C-11

Celestron RASA-11 V2

Celestron RASA-11 W2

Celestron RASA-11V3

Celestron RASA-11 V4

Mount

CGEM

loptron CEM120-EC2

loptron CEM120-EC2

loptron CEM120-EC2

loptron CEM120-EC2

Imaging Camera

ZWO AS1294-MC Pro

ZWO ASI294-MC Pro

ZWO ASI1294-MC Pro

ZWO AS1294-MC Pro

ZWO AS1204-MC Pro

Filters

IDAS-LP5S-D1

IDAS-LPS-D1

IDAS-LPS-D1

IDAS-LPS-DI, IDAS-NEZ

IDAS-LPS-D1, IDAS-NBZ

Focuser

MNone — Manual

Mone — Manual

Celestron Focus Motor

Celestron Focus Motor

Celestron Focus Motor

Guide Scope

Astromania 60 mm

Astromania 60 mm

Astromania 60 mm

Astromania 60 mm

Astromania 60 mm

Guide Camera

QHYSLI

QHY5LI

QHYSL-I

QHYS5LI

QHYSLI

Guide Software

PHD2

PHD2

PHD2

PHD2

PHD2

Computer

Desktop PC

Desktop PC

Desktop PC

Mini-PC (Intel NUC)

Mini-PC (intel NUC)

Operating System

Windows 10

Windows 10

Windows 10

Windows 11

Windows 11

Interface

ASCOM

ASCOM

ASCOM

ASCOM

ASCOM

Remote Desktop Control

MNone

Teamviewer

Teamviewer

AnyDesk

RustDesk

Planatarium

Stellarium

Stellarium

Stellarium/NINA

Stellarium/NINA

Stellarium/NINA

Guiding

PHD2

PHD2

PHD2/NINA

PHD2/NINA

PHD2/NINA

Image Acquisition

Nebulosity

Nebulosity

NINA

NINA

NINA

Plate Solving

None

None

ASTAPININA

ASTAP/NINA

ASTAP/NINA

Photoshop

Pixinsight

Pixinsight

Image Processing

"Nov-2017.

Photoshop

July2020

Pixinsight

Nov 2023










Observatory Control Strategy

£ 1 Controller based on smaII Iow power Tow cost computer 3

3 Respon3|ble for monitoring and controlllng observatory roof o

o power, Elle aII safety systems

y Open source software solution preferred :

Operates 24/7 with battery backup _ .
‘__Rehable Ilghtwelght operating system (av01d MS Wlndows)

_I\/I|n|mal mterface to Imaging computer (WhICh remalns off |

except during imaging)

| : . Ethernet or hard ere mterface to all observatory
subsystems % . _ S0

. Av0|d WIfI for crltlcal systems



| Node Red

Observatory Control ]mp lementatwn

e Raspberry Pi 4B Slngle Board Piat | OP.np.OBS

o .jDeveIoped [0)Y the UK non- pf‘OfIt Raspberry
~ PiFoundation .-

4 o '64 Bit, 1.8 GHz Quad core processor ! GB '
RAM" %" -

- Gigabit. ethernet USB 2 USB 3 AT b | sy EHEmET
& 128 GB SSD (more rellable than SD Card)

= Interface to observatory sensors and control
via GPIO bus o3 ~

-~ (Not used): Wifi, DuaI HDMI Camera port
e Home ASS|stant (HA) .
TN Open source Home Automatlon Software
.- Linux- based OS . |

e Supported by a Iarge onllne user, communlty'

| — ‘Low code graphlcal software add -on for HA' _ : i T g ' . :



Home Ass tstant 5

Runs on Raspberry P| (or other computer) host | T
Integrates a Wlde range of Home Automatlon products sensors and effectors

Enables Creatlon of custom routrnes and scnpts based on tngger events
conditions and actions -

=< Home Assistant Manposaobsmﬂmry
=
u
= Observatory M 1z Unknown Sensor
¥ Energy
8§ cPUTemperature
= i Binary sensor
I=  Loghook = . . @ = ; Switch
m History @ B rencontal
9, Fileeditor ()
M Hacs
: O
B D Medi °
i Node-RED (3]
%]  studio Code Server (3]
O ©
@) @ A
O [#)
ObsCam 2 sub
(@] §  Dewpoint
] C>  Eventrain
O r §  Feclslike
Unavailable (;}
-~
-]
Iy .
1
ObsCam sub ] ast month
Developer Tools [ 40.441n
Settings 2 10.74mph
@ M
Notifications - .

Manny Leinz

= 0

HA Overview Screen



NO e— I \ode-RED
’Inrtrally developed by IBM as ain- -house prOJect made ava|IabIe open source |n 2016

'Avallable as a software add -on for Home Assistant '

Prowdes drag and. drop block dlagram type mterface

". Javascrlpt based functlon nodes prowde mcreased flexibility for mere complex operatrons

Individual * flows prowde control of |nd|V|duaI observatory subsystems (roof cameras -
. power inverter, weather statlon etc) | . SR -,

" Observatory Roof Control Flow ;



web-based “dashb

NodeRed

.« Akey Node-Red capability is the straightforwa

S

rd creation of

|

.
Temp, Humidity, Rain Wind
Roof Control Status Power Inverter
Inside/Outside/Dewpoint Temperature (F) Wind Speed and Gust (MPH)
OPEN ROOF Roof Status Roof_Open  WP1-2PC AAC On Battery Charging Obs Inside Temp [7] Outside Temp (7] Dewpoint Wind Speed [ Wind Gust
120 £
e CLOSE ROOF Entry Door Sensor Door Closed  WP1-3 Desk-Left [ ] Inverter Mode Battery Power
90 25
sToP Rain Sensor Status: NoRain  WP1-4 Spare @ ChargerinBoost Stage
Current Time: TAT:08PM  Inside Temp: 581 WP1-5 AllSky Cam Charger in Float Stage ® /"’_'" e "
o8 CgeTne Outside Temp: 583 WP1-7Roof Overtemp Protection 2 3
Dewpoint: 4173 WP1-8Spare @ Overload Protection 0 o ba O AAIAMNAAL . A AT s
1800 20:00 22:00 00:00 0200 0400 0600 0800 1000 1200 1400 16:00 19:00 18:00 20:00 2200 0000 0200 0400 0600 08:00 10:00 1200 1400 16:00 19:00
g??lmt'g” SUBMIT  Image Update Power Saver Function
Roof Open~ Octaber 11,2023 700 — WPt Mot Fan Humidity Inside/Outside (%) Wind Direction
3 Time: PM ! Humidity Quside [] Humidity_Inside Wind Dir
5 100 360
R:#‘z::close 2:4{0!):! 12,2023 6:00 WP22 WO Camiera
Roof Timer State: Open Command WP2-4 USB Hub, Guide Cam & 28
WP2:8 Dew Heater ] P e L B T B e 180
e
% Msg: I 2 %
3 0 0
1900 2100 2300 0100 0300 0500 0700 0900 1100 1300 1500 1700 1900 1900 2100 2300 0100 0300 0500 0700 0900 1100 1300 1500 1700 1900
IR Light On/off
Observatory Control Rl MLXS0614 Ambient 4s9.66958
s Cloud Sensor Temperature (F]
Rain (in) P! (F)
Daily Rain [] Event Rain [] Hourly Rain Rale - Sky Temp [] Qutside Temp [] Outside-Sky Temp
4
Diagnostics Network 60
50
RoofOpen Roofnot  RoofClosed  Roof : e 3
: Sensmf o spine s Ping Time (msec) 19 Ping Fails: 37 Comm Status: OK ©
Rain Sensor No Time Since Reset 30
: RESET PING FAIL
. daln o Fan: OFF e 17804 ING 2 "
Server Status: Online WAKE SERVER Auto Wake 1 10
0
CPU Temperature (C) 0 10
= Ping Time (msec) 16:00 04:00 16:00 04:00 16:00 04:00 16:00 04:00 16:00 04:00 16:00 04:00 16:00 04:00 16:00 04:00 19:00 1800 2000 2200 0000 0200 0400 0600 08:00 1000 1200 1400 16:00 19:00
1000
- Monthly Inside/Outside Temp Monthly Cloud Sensor Temp (F)
Obs Inside Temp [] Outside Temp Sky Temp [] Outside Temp [] Outside-Sky Temp
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125 20
» )
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. » \ 0 ‘ H‘NA fl
675 \, 30
‘o .,J / 2 ulj j
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Diagnostics : .

. ‘ . I— Pl e : Weather 1



Obs Roof Control Roof Timer

Rain 1 Variable Store

2

Roof Ciese

1 Rain Deci

Payinad iz "on” whan on battery (10 sec defay) |

New Power C

ther S

Cloud Sensor

nogy Inverter

Rain Nat Detected

Rain Senzor 1 Mezzage Rain Yes / No

Rain Detected Set Color White

Rain Status Control Fage

Set Color Red

Close on Rain

delay 10z - AC Power Status Varable Store AC Pur Status Varizble Store
Roof Close on AC Power Fail Cloze an AC Power Fail Fower Fail
Roof Opened -Yes
delay 2m Check to See If Roof Opened
Foof Opened - No
Cpen Roof Butfon Enable Roof Open
Roof Open Bufton
Dizable Roof Open if Aiready Open Deizsy Enshle 0.5 Sec

Stop Button Disable Foof Open
Roof Close Bufton

Diizable if Airesdy Clozed

delay 1s
delay 2m Check ta See If Roof Closed
Enable Roof Close
. Dizable Roof Cloze
Roof Aufo Open/Cioze Change Meg fo 1 on Roof Cloze
delay Zs delay 1=
Roof Cpen Detect
Roof Open
Roaf Open Dispisy
Roof Not Cpen
Foof Open Sense
_ Roof Open Varable Store Roof Statuz ra Roof Status Dizplsy:
Roof Clozed Varisble Store
Roof Clesed Var Stors:
Bl oot Gloosd Dot PR
| Racf Giosed
Roof Clozed Dizplay
Roof Not Closed
Digor Clozed

Door Open

Rain Status Disgnostics Page

Foof Gpen Call to HA - OF (Close)

the Hood —Node-Red Roof Control F

Foof Enabie Call to HA-On Foof Enable Call - On |

Rocf Open Call to HA - On RbanomM—m|

FRoof Ensble Call to HA - OFf Roof Enable Cail- OFf |

Roof Cpen Call - OF |

Roof Closed - Yee

Foof Ciosed - No



" Under the Hood —Node-Red Roof Control Flow

Roof Timer

Obs Roof Control || WOL Cloud Sensor Weather Station Cameras Renogy Inverter New Power Cntl SMS Messages Pi Status

CEEER | = vowesor | ransenan thsze ] Ry e LT EE » Outputto D iagnostics
] N A e Rain Defected = Set Color White D aS h b o ard

— o, Rain Status Control Fage
* I Set Color Red

I n p ut fro m Roof Close on Rain Decision Close an Rain
Rain Sensor JEEEEaaa e
delay 105 (= AC Power Status Vanisbie Store | AC Puwr Status Varizble Store I

<& “Debug” Nodes (Green)

Roof Close on AC Power Fail Cloze an AC Power Fail

To Roof Relays

Roof Opened -Yes

dalay 2m Check to See If Roof Cpaned

s Roof Opened - No
Roof Open Bufton =
Dizable Roof Open i Aiready Open Deizsy Enshle 0.5 Sec - - Roof Enabie Calf fo HA-On ! Fcof Enable Call - On
8 : :
Stop Button
Foof Open Call o HA - On
a .
Rocf Close Bufton + -
Diizable Roof Cloze if Airesdy Clozed — Roof Ensbie Call to HA - Off
# []
delay 1s / —- = '_ = Roof Open Call to HA - Off (Ciosa} |+~
' e
delay 2m - Check ta See If Roof Closed

Obs Control
" Dashboard

Roof Aufo Open/Cioze = Change Meg fo 1 on Roof Cloze

delay Zs : delay 1=
From Roof -
Sensors e S
Foof Open Dizplsy S
Roof Not Open
_ z Roof Open Varable Store = = Roof Statuz r Roof Status Dizplsy:
. Roof Ciozed Varishle Store =
Fiaof Closed Var Stars y, Output to Obs
(@ S sz Control Dashboard
- Roof Ciosed i
Roof Closed Display
Roof Not Closed
@




Obs Roof Control WOL

" Under the Hood —Node-Red Roof Control Flow

Roof Timer Cloud Sensor

Weather Station

Cameras Renogy Inverter

New Power Cntl

SMS Messages Pi Statu

Rain Status Disgnostics Page

Rain Status Control Fage

Output to Diagnostics

— Dashboard

= Rain Not Detected
R::i Rain Senss 1 Fiauiy 1 Visriabie Store Rain Senzor 1 Meszage Rain Vs / No
8 Rain Detected Set Color White
Set Color Red
* Close-enrRain Log/c
|nput from 222 on Fain Desisian Ciose on Asin
R al n Se n SO r Payload iz "on” when on battery {10 2ec delay)
AG Power Statse Varibie Stre ERmrEEEsEE) s <€ “Debug” Nodes (Green)
Roof Giose on AC Fower Fail Giose an AC Power Fail FowerFail|
Power Fail Logic
Foof Opened -Yes
Roof Opened - No
Open Roof Butfon Enable Roof Open
Roof Open Bufton S alaw Enahle o
Stap Button Disabia Roof Open
Roof Ciose Button - — -
* Stop Roof Bution
Cigse Roof Butfon d 2m Check to See if Roof Closed
Input from
Obs Control Roof Control Logic Enatle Roof Ciose
Dashboard
Auto Open
Roof Aufo Open/Cioze Change Meg fo 1 on Roof Cloze
Auto Cloze delay Zs delay 15

From Roof
Sensors

Roaf Open Dispisy
Roof Not Cpe:
Roof Of Roo Roof Status Dizplsy:
Roof Ciosed Var Store

Roof Ciczed Defect delay 25

Roof Ciozed

Roof Closed Display
Roof Not Closed
Digor Clozed

Entry Doar Stafe
Door Open

Entry Door Display

To Roof Relays

Roof Enable Call to HA - On | FRoof Enable Cali-On | —

ot Open Cail-0n | = |

Roof Open Call to HA - On
e -

Foof Enable Call to HA - Off

8

Foof Open Gall o HA - GF (Glose) Roof Open Gall-Off | — |

Output to Obs
Control Dashboard




Roof Conktrol

1+ Obseratiny ConirolDashbard

OPEN ROOF
CLOSE ROOF
STOP
Current Time: 7:47:08 PM
Open Time Close Time
19:00 g

Roof Timer
OFf/Auto ——
Roof Open October 11, 2023 7:00
Time: PM
Roof Close October 12, 2023 6:00
Time: AM

Roof Timer State: Open Command

Msg:

Status

Roof Status

Entry Door Sensor
Rain Sensor Status:
Inside Temp:
Qutside Temp:
Dewpoint:

Image Update

LLAA0-2023 1B:47-07 WED

IR Light On/OFF

Roof_Open
Door Closed
No Rain

58.1

58.3

41.73

7

Power

WP1-2 PC

WP1-3 Desk-Left
WP1-4 Spare
WP1-5 AllSky Cam
WP1-7 Roof

WP1-8 Spare

WP2-1 Mount, Fan
WP2-2 ZWO Camera
WP2-4 USB Hub, Guide Cam

WP2-8 Dew Heater

Inverter

AC On Battery Charging
Inverter Mode Battery Power
Charger in Boost Stage
Charger in Float Stage
Overtemp Protection
Overload Protection

Power Saver Function



 Observatory Dashboard - Diagnostcs

Diagnostics Network
Roof Open  Roof not Roof Closed  Roof : -
S 5 S Closed Ping Time (msec) 19 Ping Fails: 37 Comm Status: OK
Rain Sensor No Time Since Reset
: RESET PING FAIL
Statiis Rain Fan: OFF (Hrs) 17804
Server Status: Online WAKE SERVER Auto Wake
CPU Temperature (C)
120
Ping Time (msec)
1,000
90
750
60
500
30
250
0
18:00 20:00 2200 O00:00 0200 0400 O06:00 08:00 10:00 1200 1400 16:00 19:00
0

1800 20:00 2200 0000 0200 0400 0600 0800 1000 1200 1400 16:00 19:00




. » P’ b & . b o
7 ObSCW&tO ' Das 1ooar d. = \A/eat"ler Fg
Temp, Humidity, Rain Wind
Inside/Outside/Dewpoint Temp ure (F) Wind Speed and Gust (MPH)
Obs Inside Temp [] Outside Temp [] Dewpoint Wind Speed [J Wind Gust
120 0
. 90 25
. M“—\ *
30 —-WWM" 75
1800 2000 2200 00:00 0200 0400 0600 0800 10:00 1200 1400 16:00 19:00 1800 2000 2200 0000 0200 0400 0600 0800 10:00 1200 1400 16:00 19:00
Humidity Inside/Outside (%) Wind Direction :
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Cloud Sensor Temperature (F)
Rain (in) .
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o Daily Rain (7] Event Rain 7] Hourly Rain Rate 70
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50
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2 |
20 = 1
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0 e e : |20 1R .
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Monthly Inside/Outside Temp | Monthly Cloud Sensor Temp (F)
-
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120
125 80
70
60
% 50 .
\ o ; "
: k]
» A\ :
o 10
5 [
10

8
s
8
8
g
8
8
g
8
g8

10/20 00:00 10122 00:00 10724 00:00 ; 10/26 00:00 10729 00:00 V | : A 1W.25WW 10729 00:00 : T : Ambient Weather WS_OQOO ' : . :
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. Observatory Conirol Hardvare

ce

Roof Motor (BYO) . - .
‘ Féoof Moto'r. , R
“Interface (BYO) ~

*.DLI Web Power
Switch .-

Raspberry Pi4 -

“Roaf Motor - lhte_rfaée (Custom). —

* Ethernet Patch
Panel ' _ a
: SN Power]nve‘rte‘r Telémetry :
.Backup Battery. — Interface (Custom) t
(Behind Inverter). e 58

=N

«  [IiEE
g

"Renogy Power inverter ..

Roof Hand Controller




 Obseivatary Control Hardware

" Power Inverter-Telemetry - i 41_'28 GB DR
“Interface Cable i : ~ 4 = / e R _

/ Interface Board (Custom)
o .- Roof Motor '

- Roof switches

- Rain Sensor .
e =D OO, sensor’

Féaspberty Pi 4B
Computer .

Ribbon Cable to Pi GPIO

* Case Fan (Pi-Controlled) -

—— MOSFET Fan Driver

i - .
of
|
) -
res «
o, L -
L |
s o i
w .
. . .



Based on Dlgltal Loggers Inc (DLI)_

Power Control

Web Power SW|tch Pro ,

.Enables control of |ndIVLduaI

~ observatory: subsystems over the -
. »Internet '

“Eight; web SW|tchabIe AC outlets B
.,.40 Amp reIays - <2

__f Supports Ethernet (or if you must) W|f|-
- Web GUr mterface | o

| -Optlonally remembers Iast state on Y
power Ioss | '

.

Ab|||ty to ping, restart modems/routers B
Economlcal : |

Used to control Roof Power PC

_.\~

,._.I\/Iomtors,. secondary power brI.Ck.S:i'. |

- L
i H
1S
T Sl | Vi
b Sy, P g
.."‘L w3kt -
— V- :
A
S iy

| .| wer2pC

A1 | wP1-3 Desk-Left

WP1-4 Spare
WP1-5 AllSky Cam

WP1-7 Roof

| WP1-8 Spare

L | . | WP2-1Mount, Fan

WP2-2 ZWO Camera

WP2-4 USB Hub, Guide Cam

WP2-8 Dew Heater

. Pier Power D/str/butlon ( WP2)

" Controller GUI




- Renogy 1000 W Inverter

vy 4 = Photodlode/OptocoupIer mterface to GPIO : ;
" -2 . LED Repeater — One Channel -

Backup Power 5

Comblnes 12V-115VAC Inverter Battery
Charger Transfer Switch .

Automatlc swﬂchover in event of I|ne
power loss -

~- Automatic text message to my 'phon-e in
the event of power loss -

12V 22 Ah Gel backup battery

= Provrdes ample power to cIose the roof
" in the event of AC line outage |

e Worst-case. 15-30 minute run time wrth‘

aII observatory systems powered on. W Repeater

LED
.. !

Custom LED Repeater

= Provrdes Inverter LED Status to
- Observatory Controller -~ ..+ =[S

B Inverter LED

ol Controller sends text message : :
-, automatically closes roof on power fallure :

Inverter

AC On Battery Charging
Inverter Mode Battery Power
Charger in Boost Stage
Charger in Float Stage
Overtemp Protection
Overload Protection

Power Saver Function

Controller GUI




AIISky Camera

-~ Thomas Jacquin d.eS|gn —now BN
. maintained by Open Source Communlty &

Cloud Sensor e C  msanane
f MLX 90614 Infrared Thermometer ’
: 90° Fleld of View (pomted to zenlth)

Ra|n Sensor

. ==

:Raspberry Pi 3/Rp| HQ camera

..ControIIer .
,_ -Integrated Web server

.~ Interface via I2C bus on AlISky
g Raspberry Pi

‘Hydreon RG- 9 Optrcal Raln Detector

Observatory Controller GPIO

~Contro|ler automatlcally cIoses roof- on rain
¥ detectron :

AllSky Camera, Cloud Ram Sensors

Super useful before, durlng and after
imaging runs to assess sky quallty

Ethernét Interface to Observatory

Slngle wire (Raln/No Raln) |nterface to



Cloud Sensor Testmg

| 05:01

oud Sensor Temperature|(F)

|| Sky Temp ide Temp [7] Outside-Sky| Temp

100
80

" ML L
'4'! Wi, *"Hm AT .
- " il - B

<— Controller GUI. -

(=]

40 B N B
-60 i i [ a3 '
1200 14:00 /16:00 18:00 20:00 22:00J 00:00 02:00 04:00 06:00 08:00 10:00 13:00

02:01 2

ADat}a’fromN00n4/2tpN00n4/3/2é.g oy W \



._Turn on PC, connect V|a RustDesk Remote Desktop

A rryp{ca[ Nighfofw té 'lmagmg?'- "

.-Select target(s) and prepare N . N A |mag|ng sequence
'-Go No Go: Check weather status/forecast * 4

Turn on roof power set times for roof auto open/close |
e TyprcaIIy open at sunset of at Ieast one hour before |mag|ng startj N

Turn on secondary power supplres
-'— USB hub cameras telescope mount

Start N.EN. A, connect equment Ioad |mag|ng sequence

-

.= Set sequence to automatrcally start at astronomrcal dusk
Log in to AllSky camera” B S o
".Penodrcally monltorAIISKy, PHD Guldlng, N I N A |mages or.. ¥

Go to bedI

LR



Ltmttattons, Next Steps

" Current (mostly acceptable) I|m|tat|ons

- Observatory requrres semi-manual start up, shut down .
- ‘Power sequencmg N.I. N A. end of night frle transfer ,
Y - Not sultable for multr -day autonomous |mag|ng campargns

= Fllter swrtchlng is a manual process (RASA Irmltatron)

. g Use Lrght PoIIutlon filter (IDAS LPS- Dl) when on site, around New Moon | By '.: |
. Narrow band (IDAS NBZ) when remote |mag|ng and Moon is in the sky ‘on -

Next Steps | | _
iR Implement Reverse Proxy {e]g |mproved securrty

', e Integrate controI software with N.L.N.A....- B o

-« Pause or terminate |mag|ng sequence due to an. unsafe condltlon (cIouds rarn power Ofs:
- network loss) - : : v _

e Add web power tlmers for scope gwde/rmaglng camerasy,- 3
—+Automate dew heater power N THR. . o

= Complete Observatory Inerior
’ X Wallboard, cabrnets floorlng paint -

Y35 3 InstaII second (south) pier for V|sual observrng
. Con5|der|ng spllt level desrgn to see over waIIs






* % “The Tadpoles” (IC 410)

. - .. Individual five minute exposures (over seven hours-of data), captured " - -
. .. remotely on.the night of November 21, 2022. Processed using PixInsight.
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My first autonomous remote image capture. 85
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"ley VlSltor Comet Leonard (C/2021 Al ) passes by the globular cluster M3 in
this image that | captured on December 3, 2021. 29 individual two-minute
exposures. Processed usmg P/xInSIght ;



. . . e
. ) ’ . .
. A :
A April 2022
o
Y SN 2023ixf
June"zpza s e LW R  June 2023

- "Explodrng P/nwheel" Supernova SN 2023ixf explodes in M101 in thrs rmage that | captured from June 14- 17, 2023. 204 individual f/ve mmute

- exposures (17-hrs of data) shot through broadband (IDAS-LPS-D1) and narrowband (IDAS-NBZ) filters. Reprocessed zoomed and cropped 2022 .
-broadband image is six hours of data, captured on Aprrl 17-19, 2022 Individual images processed using P/xInSIth Composrte annotated i rmage
created usrng GIMP 2.10.30 T : : : L



-"Cosmic Cataclysml" — (Supernova remnant Abell 85, | CTB-1 Medulla Nebula) This is an "HOO" image, combining 223 individual five minute :
- exposures (18.6 hours of data), shot through an IDAS-NBZ narrow band filter for the nebula, with 4.8 hours of RGB data shot through an IDAS- .
LPS-D1 filter for the stars. Data captured In on site and remotely August and September 2023 Processed usmg Plxms:ght o

- = 4 . B B



o

hii g e Resources

Observatory build contractor Backyard Observatorres wwwbackvardobservatorres com

Raspberry Pi Computer WwwraSDberrVDl org

Home ASS|stant Software wvww.home- assrstant IO
Node Red Software wwwnodered ora '

Node Red Add-on for Home ASS|stant cOmmuni‘tv home assrstant /o/t/home assrstant commun/fv—add—on—

: 'node red/55023 ey s 0d e wl TR
-Nextcloud server software wwwnextcloud com/athome/ | | '

AIISky Camera; www.github. Com/thomaSIacaum/allskv ‘_' - Ry .__' 3

= Rpr HQ camera (for AIISky) Wwwrasr)berrvm com/broducts/raspberrv -pi- hrah aualrtv camera/

- TAIC Presentation by Linda Thomas- Fowler (10/3/2021) https://www.youtube. com/watch?v—oc7W53umCTY
- Helpful mstallatron vrdeo (some aspects out of date): https: //www voutube com/watz:h7v—7TGbGz5SeVl&t—l6423

Cloud Sensor

..~ Amazon:. wwv.amazon. com/an/moduct/BO?YZVDWWB/ref—an Q. at b sedrch asin t/tle’Ple UTF8&bsc—1

- MLX 90614 Datasheet WwwmeIeXIS com/en/documents/documentatron/datasheets/datasheet—mlx9061zf
= Connectlng to Raspberry R www.olegkutkov.me/201 7/08/10/mlx906l4 raspberrv/ . - ool L TS

' - _Code reposﬂory https.: //d/thub com/cmle/nz/MLX90614-bl/tree/marn

: RustDesk Remote Desktop Software wwwrustdesk com/ ~' ; -

Weather Station: www. amb/entweather com/
: - WS-0900 is, discontinued ’ -

Rain Sensor: https: //store hydreon. com/shop/rarn sensor/RG 9 htm/

N.1. N A. Astr0|mag|ng Software wwwnldhttrme /maarnd eu/ . .

DLI Web Power Switch: Wwwdraltal /oaders com/lbc html L e B & B i -

Renogy. Power Inverter/Charger/Transfer Swrtch, wwwrenoqv com/lOOOw-bure-srne wave /nverter-charaer/

Reollnk srtuatronal awareness cameras: wwwreolrnk com/us/broduct/rlc 410/



. Emall mannyrlelnz@gmall com Wy
=" Astrobln wwwastrobln com/users/Starrlder55/ |
My web5|te Wwwspace Ielnz |o Ve P
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| . Telescopes

Inltlal Imaglng Conflguratlon

B f— Celestron CGEI\/I 1100

. - Stellarvue SV7OED 70 m m :
| refractor ' | g

| Imaglng Camera £
P Canon 60D DSLR then

. -~ ZWOASI294MCPro M
(10 il Mplxel Color Cooled) ¥

. Gwde Camera/Scope _lﬂ

=~ QHY5L-II'1.2 Mplxel
monochome :

~, e Astromanla 60 il Scope '




Baseline Wall Thermal West, South Wall Option — Raspberry Pi Temperature
Management If Needed Data Logger



Graph

July 3, 2020

Wireless Receiver / Access Point

Station Summary

CURRENT CONDITIONS
0.0 /0.0 mph

0.00 in/hr 29.93 in Precip. Rate (in)

0.00 in

PWS CURRENT CONDITIONS

Ambient Weather WS-0900 (. O

0.00 in/hr

’ " . UNAVAILABLE " - S & .



. 1 Wall power mtemet |nstaIIed

3 "'_Ab|I|ty to contol observatory from

: If!l&‘!.‘.ﬂ- B

Observato Status as of]u[y, 2020. ks

;Observatory structure complete ;e No situational awareness backup

Ulncludlng roof MOtCRg . i power or safety systemsis . -

Imagrng Setup (same as today)
e
. PC Iocated in observatory A RASA-11 V2 scope =
' - Ioptron CEM-izo o7 Mount '
= 'ZWO ASI294MC Pro camera

? - Astramania 60 mm Guide Scope
-y QHY 51_ Il Guide camera '

| "‘Weather statlon operatlonal .
| Insulatlon Wallboard | in- progress

~our home.on the property | .
— Except manual roof control B e



