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Remote Control for Telescope 

Arjan te Marvelde, initial version January 2016 - this version November 2019 

Optimum observation time on temperate latitudes is usually during the winter and early spring. 

These months can also be quite cold, and hence observation and astrophotography is less than 

comfortable. So it is time for a remote control facility, enabling the operation of mount and 

astrophotography from inside the warm house. 

 

The former version was based on a Raspberry Pi 3B, but now the Pi 4 has appeared and the box is 

upgraded. This article describes my configuration, based on a Raspberry Pi 4 (RPi), the INDI 

framework and EKOS/KStars. The description is chopped up in parts which can be used to build 

other configurations. 
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Summary 

This article leads to a setup with the following items:  

INDIbox 

• RPi4 with a 64GB SD, running Ubuntu-Mate Bionic 18.04.3, providing a WiFi access point 

as well as an Ethernet interface to connect to an upstream network. 

• The RPi3 hosts EKOS/KStars , Indiserver , all drivers and Astrometry plate solver, and 

it runs headless with a VNC server (Vino) for remote virtual desktop access. 

• The RPi3 is enclosed in a small box (INDIbox), that provides 12V power and USB data 

interfaces for all peripherals.  

• The INDIbox contains a GPS receiver for time and coordinate synchronization. 

Devices 

• A Canon 450D DSLR is connected through USB and a dedicated power adapter.  

• The NEQ6 mount is connected through an EQDir compatible adapter and a power cable. 

• A Nintendo game controller joystick is connected through USB. 

• There is one USB interface left for connecting a ZWO ASI385MC autoguider camera.  

User interface 

• A Laptop running Windows, which has a wireless (or wired) connection to the INDIbox. 

• The Windows laptop hosts a VNC client (TightVNC) enabling GUI access to the RPi 

applications. This laptop could be replaced with any other device providing a VNC client. 
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Basic design 

One option for implementing remote control is to route a lot of cables from the observation location 

into the house. A much more elegant way is run all device-interfacing on a local embedded 

computer and to have a remote workstation for controlling the observatory setup. This is exactly 

what the INDI framework offers: a server that provides a standardized method to control the 

variety of attached devices, such as goto, camera and auto guider. The INDI server connects to an 

INDI compatible client on a workstation, through any IP network such as the residential (wireless) 

LAN.  

 

INDI Architecture 

When the workstation PC is Windows based, the choice of clients boils down to the planetarium 

Cartes du Ciel for goto control and the photo capturing software CCD-Ciel. The main alternative 

running on Linux is KStars / EKOS. Note that Linux may run as a virtual machine on Windows or 

MacOS.  

A more robust solution is using a remote virtual desktop and run the INDI client on the remote 

computer as well. The network then may fail while the remote telescope control continues to 

function. Having both INDI server and clients on the remote computer implies that significantly 

more processing power is needed. One solution is to base the control unit on a set of two RPi2, to 

distribute the effort. The RPi3 and now the RPi4 appear to be powerful enough to run everything in 

one processor. The user interface is a virtual desktop, running on the Windows workstation or even 

on a tablet or a smart-phone.  

 

Loosely coupled RPi4 architecture 
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Raspberry Pi configuration 

Inside the INDIbox, the RPi3 can easily be located. On top of that is the GPS receiver and antenna, 

and to the left the SMPS for the RPi3 USB power provisioning. 

 

Inside the INDIbox 

The software setup process is divided in several parts that can be selected for installation. This 

article is more or less a log of how I did it, based on what I collected from the web and the INDI 

forum: see the links at the end of this article. Attributes in yellow background, used in text or code 

examples should be customized to your own situation. 

The following steps will be followed: 

1. Install Ubuntu Mate on the RPi 

2. Setup the networking 

3. Update and extend Ubuntu packages 

4. Install and configure VNC for virtual desktop access to the RPi 

5. Install applications: EKOS/KStars/INDI and drivers, Astrometry, PHD2  
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1 Ubuntu Mate  

Download Ubuntu Mate 18.04.3 for Raspberry Pi (custom build by James A Chambers), unpack it 

with 7-zip and write it to a fresh Micro-SD (using e.g. Win32DiskImager) according to instructions 

that can be found on the web. I use 64GB very fast one, to speed up local image handling. 

Note: Reclaiming the SD-card from a previous installation works as follows. 

• Plug in the SD card in the PC 

• Run the DISKPART tool 

• Enter LIST DISK and determine which of the listed disks is the SD card 

• Then enter SELECT DISK X, where X must be the correct disk number! 

• Then enter CLEAN to wipe the disk 

• Finally use CREATE PARTITION PRIMARY to create the partition 

• Format the partition from the Windows explorer 

The SD card is now ready to store the Ubuntu image using Win32DiskImager. 

Configuration 

The file config.txt on the SD card can be edited to adapt the configuration e.g. to match the 

screen resolution. This can be done either in Windows, before starting Ubuntu, or better afterwards 

in /boot/firmware/config.txt  whenever needed during the steps that follow. 

Default user is ubuntu, with password ubuntu. This needs to be changed upon first boot. 

Since the image is a headless server, first Gnome and Mate are installed for desktop: 

sudo apt-get update  

sudo apt-get dist-upgrade -y  

sudo apt-get install ubuntu-desktop -y 

sudo apt-get install mate-desktop-environment -y 

Reboot and setup the environment to your liking. Make sure that autologin is enabled for the user. 

The user must be added to the dialout group to obtain access to serial ports: 

sudo adduser ubuntu dialout 
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2 Networking 

The network topology allows for stand-alone operation in the field, but it can also be hooked on to 

the wired residential LAN network. For this reason, the WiFi interface will be set up as an access 

point while upstream traffic is routed to the Ethernet interface. The Ethernet interface address is 

static, matching the host LAN. In case the Ethernet is not connected, the INDIbox operates in 

stand-alone mode and there will be no internet access. The virtual desktop device (Workstation) 

normally connects through the WiFi AP, and when the INDIBox Ethernet is connected to a host LAN, 

it can also reach the internet through the INDIbox router. Alternatively,the Ethernet interface can 

also be used to connect the virtual desktop device. 

 

Network Layout 

Basic network settings: 

Two network interfaces need to be configured, the Ethernet and the WiFi. First obtain the logical 

names given by Ubuntu: 

ifconfig 

This should give the local loopback (lo), an Ethernet interface name starting with ‘e’ and a WLAN 

interface name starting with ‘w’ (for example eth0 and wlan0).  

Configure the network for a static Eth IP address and WiFi Access Point. 

In the 18.04 build, netplan is the network managing software, remove it since AP is badly 

supported: 

 sudo systemctl stop networkd-dispatcher 

 sudo systemctl disable networkd-dispatcher 

 sudo systemctl mask networkd-dispatcher 

 sudo apt-get purge nplan netplan.io  

Also remove network-manager 

 sudo apt-get remove network-manager 

The alternative ifupdown is already there. Also install bridge-utils, hostapd and dnsmasq: 

 sudo apt-get install -y bridge-utils dnsmasq hostapd 
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The file /etc/network/interfaces needs to be changed to define the static addresses for lo and 

eth0 interfaces: 

sudo nano /etc/network/interfaces 

The relevant contents of the file should look like (addresses need to be adapted): 

#The loopback interface 

auto lo 

iface lo inet loopback 

 

#The ethernet interface 

auto eth0 iface eth0 

inet static 

  address 192.168.1.123 

  network 192.168.1.0 

  netmask 255.255.255.0 

  broadcast 192.168.1.255 

gateway 192.168.1.1 

dns-nameservers 8.8.8.8 

 

#The wireless interface 

auto wlan0 iface wlan0 

inet static 

  address   192.168.3.1 

  network   192.168.3.0 

  netmask   255.255.255.0 

  broadcast 192.168.3.255 

The RPi can now be connected to the home LAN and accessed through e.g. SSH (after SSH is 

enabled, see below). 

Wireless Access Point: 

To be able to use the system in stand-alone mode, the RPi is configured as a Wireless Access Point.  

Configure hostapd by creating /etc/hostapd/hostapd.conf with the following lines: 

interface=wlan0 

driver=nl80211 

ssid=YOUR-SSID 

hw_mode=g 

channel=6 

ieee80211n=1 

wmm_enabled=0 

macaddr_acl=0 

auth_algs=1 

ignore_broadcast_ssid=0 

wpa=2 

wpa_key_mgmt=WPA-PSK 

wpa_passphrase=YOUR-PASSPHRASE 

rsn_pairwise=CCMP 

Then point the host accesspoint daemon to its configuration file by editing the following line in file 

/etc/default/hostapd : 

DAEMON_CONF="/etc/hostapd/hostapd.conf" 

Likewise, edit the file /etc/init.d/hostapd to contain: 
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DAEMON_CONF=/etc/hostapd/hostapd.conf 

Configure the DHCP server for the AP interface. 

Backup /etc/dnsmasq.conf and replace/append the contents by: 

interface=wlan0 

listen-address=192.168.3.1 

 

# Bind to the interface to make sure we aren't sending things elsewhere 

bind-interfaces 

 

# Forward DNS requests to Google DNS 

server=8.8.8.8 

 

# Don't forward short names 

domain-needed 

 

# Never forward addresses in the non-routed address spaces. 

bogus-priv 

 

# Address range for clients with 12h lease time 

dhcp-range=192.168.3.50,192.168.3.100,12h 

Finally start the services: 

sudo systemctl unmask hostapd 

sudo update-rc.d hostapd enable 

sudo service hostapd start 

sudo systemctl unmask dnsmasq 

sudo service dnsmasq start 

After a reboot you will be able to detect the RPi wireless network you just created. 

The RPi is now accessible through either Ethernet or WiFi interface, but the interfaces are not yet 

linked together. 

Routing: 

At the end of /etc/network/interfaces add the line: 

post-up iptables-restore < /etc/iptables.rules 

Apart from defining the interfaces, the default gateway (ex. 192.168.1.1) is added here as an 

entry in the routing table, and also the forwarding rules are loaded in iptables. The RPi now has 

two network interfaces, and a routing table. Now the IP forwarding itself must be enabled, so that 

packets will be actually forwarded from one interface to the other.  

In the file /etc/sysctl.conf the following line must be uncommented and/or changed to: 

net.ipv4.ip_forward=1 

Then commit the sysctl change with: 

sudo sysctl -p 

Now the forwarding behavior itself must be defined in iptables: 
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sudo iptables -A FORWARD -i eth0 -o wlan0 -j ACCEPT 

sudo iptables -A FORWARD -i wlan0 -o eth0 -j ACCEPT 

sudo sh -c "iptables-save > /etc/iptables.rules" 

The line that loads these rules was already added to /etc/network/interfaces. 

Note: Local names can be saved in /etc/hosts for easier resolution, so e.g. add lines like: 

192.168.3.1 this-pi 

 

LAN home network: 

In order to make the RPi wireless network accessible and enable internet access from it, the 

residential LAN router must be configured as well. A static route must be added to the 192.168.3.0 

wireless network, where the next hop node is the wired interface of the RPi (ex: 192.168.1.123). 

Testing: 

From a laptop connected to the wireless RPi network try to ping google.com from a command 

terminal; if this works routing is okay as well as the name resolution. 

Note: If traffic does not get through, ping is a great help to analyze where it gets stuck.  
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3 Ubuntu updates and extensions 

At this moment the RPi board is running Ubuntu and can also access the internet. It is a good idea 

to do an update and upgrade of the already installed packages after the internet link has been 

enabled: 

sudo apt-get update 

sudo apt-get upgrade 

The upgrade can take a fairly long time, sometimes you need to confirm actions. When succeeded 

reboot and see if all still works. 

Note: Sometimes the update exits because it cannot obtain a lock, the solution usually is to wait or 

to kill the process that holds the lock: 

ps aux | grep apt 

… 

sudo kill <pid> 

Fill in the id of the process that is locking in <pid>.  

Note: To prevent an error message during start up, related to printers that are not available nor 

used, edit the file /etc/modules-load.d/cups-filters.conf to comment these lines as follows: 

# lp 

# ppdev 

# parport_pc 

Using GPS as time reference 

<< This section is not yet tested, TBC>> 

Since the system will run without internet connection, a separate time source needs to be used (or 

you would have to set the time manually). A cheap UBlox Neo-6M GPS module is connected to the 

HW UART for this purpose. For the Pi3 you need to disable Bluetooth and shutdown the users of 

this port. Also (optionally) enable the use of the PPS signal if the GPS module generates this. This 

can be done by activating an overlay that is delivered with Ubuntu.  

Add to the end of /boot/config.txt: 

dtoverlay=pi3-disable-bt 

dtoverlay=pps-gpio,gpiopin=18 

Then disable processes that use this UART: 

sudo systemctl disable hciuart 

Finally, the kernel console needs to be disabled for this port by removing the portion that refers to 

ttyAMA0 from /boot/cmdline.txt, it is best to remove any console assignment.  

Note: The reference to ttyAMA0 can be an indirect mapping, e.g. through serial0 or serial1 

which usually are a symbolic link to ttyAMA0, you can check /dev for such links. 
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After a reboot the UART0 is now freed and made available on Pi3 pins 8 and 10 (as ttyAMA0) to 

connect other devices. It is also no longer used by other processes. 

The working of the GPS receiver can now be checked, assuming it is connected, by issueing: 

cat </dev/ttyAMA0 

The output of the receiver will scroll over the screen. To change settings use the stty command, 

for example to switch off echo or set speed (see man stty for options): 

sudo stty -F /dev/ttyAMA0 -echo  

The permissions on the /dev/ttyAMA0 and /dev/pps0 device files should be 660, i.e. group 

read+write. The group must be dialout. If not, use chgrp and chmod to change these, e.g.: 

sudo chgrp dialout /dev/pps0 

sudo chmod 660 /dev/pps0 

Now gpsd needs to be set up to serve as time reference. First install gpsd and clients: 

sudo apt-get install gpsd gpsd-clients 

Then, if not the case, edit the daemon file /etc/default/gpsd to contain the following: 

START_DAEMON="true" 

USBAUTO="false" 

DEVICES="/dev/ttyAMA0 /dev/pps0" 

GPSD_OPTIONS="-n" 

GPSD_SOCKET="/var/run/gpsd.sock" 

After a reboot, when cgps or gpsmon is run, the screen should show status info and running 

messages from the GPS. Note that it can take fairly long to establish first fix! 

Next a time server must be installed that can synchronize system time with gpsd. I will use chrony 

for this, which is a newer NTP server implementation than ntpd. 

sudo apt-get install chrony 

Change the configuration file /etc/chrony/chrony.conf to use local time reference (i.e. GPS). 

Comment the reference to internet NTP servers, for example: 

# pool 2.debian.pool.ntp.org offline iburst 

Uncomment the line defining a local reference: 

local stratum 10 

Add lines to indicate the gpsd output as reference: 

# set larger delay to allow the NMEA source to overlap with 

# the other sources and avoid the falseticker status 

refclock SHM 0 refid GPS precision 1e-1 offset 0.9999 delay 0.2 

refclock SOCK /var/run/chrony.ttyAMA0.sock refid PPS 

Finally force time update when the difference is more than 1sec: 
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makestep 1 -1 

Now save all and reboot the RPi. Check whether the services are running: 

service --status-all 

There should be a (+) indication next to chronyd and gpsd.  

Use gpsmon to see whether the gpsd has a fix. Then use chronyc tracking to see whether 

chronyd has the right time. If everything runs as it should, the system clock should be set to the 

right value.  

You can also use gpsd as direct source of location and time for EKOS, see further down. 

Secure Shell 

SSH may not be enabled by default, but it will be needed to obtain remote access with a terminal. 

The service could be just enabled, but to make sure all related settings are initialized it is purged 

and reinstalled instead: 

sudo apt-get purge openssh-server 

sudo apt-get install openssh-server 

FTP server 

To enable file exchange (e.g. photo's) it is helpful to have an FTP server running. This can be 

enabled by installing Very Secure FTP daemon (vsftpd) on the RPi:  

sudo apt-get install vsftpd 

After rebooting the FTP daemon runs and can be accessed with for example the FileZilla client. For 

advanced configuration options. 
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4 Virtual desktop 

Now we can create a remote GUI on the workstation PC, which is done based on VNC. For this the 

VNC server x11vnc is used: 

sudo apt-get install x11vnc -y 

Configure VNC with a password: 

x11vnc -storepasswd 

Create a startup file ~/.vnc/startvnc.sh, containing: 

x11vnc -usepw -shared -display :0 -geometry 1280x768 -forever 

xrandr --fb 1280x768 

Make it executable: 

 chmod 755 ~/.vnc/startvnc.sh 

In the Mate GUI use Startup Applications Preferences to add the script to auto startup. 

Together with the autologin it makes sure VNC environment is set up. 

Then update /boot/config.txt to force a desktop even when no screen is attached, and set the 

proper display parameters:. 

hdmi_force_hotplug=1 

hdmi_group=2 

hdmi_mode=22  

In my case this is a working setting for a standard 1280x768 display, but you may need to 

experiment with video modes.  

Note: The RPi must have auto-login enabled. This should have been done at first boot of the RPi, 

but it can also be achieved by editing the file /usr/share/lightdm/lightdm.conf.d/60-lightdm-

gtk-greeter.conf to contain: 

[Seat:*] 

greeter-session=lightdm-gtk-greeter 

autologin-user=pi 

Windows VNC client: 

On a workstation you can install any VNC client, but I have used TightVNC successfully. From 

Android I have used VNC Viewer as well. All you need to do is fill in the RPi IP address (WLAN side, 

ex: 192.168.3.1) without any port. Starting the connection will give something like: 
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RPi/Ubuntu Mate (16.04) in TightVNC 

From here all works on GUI basis, as if connected locally with a display and keyboard/mouse. 

 



15 

 

5 Applications 

KStars/EKOS/INDI: 

To install the Kstars/EKOS/INDI suite on the RPi, make sure it is connected to the internet and 

from a CLI (SSH or terminal) enter: 

sudo apt-add-repository ppa:mutlaqja/ppa  

sudo apt-get update 

sudo apt-get install -y indi-full kstars-bleeding 

Note: Sometimes an error is given by PPA about a non existing user or team upon adding the 

repository. Not sure what causes it (maybe a router issue, VPN passthrough?) but a work around is 

to add the lines from the PPA technical details manually to the file /etc/apt/sources.list: 

deb http://ppa.launchpad.net/mutlaqja/ppa/ubuntu xenial main  

deb-src http://ppa.launchpad.net/mutlaqja/ppa/ubuntu xenial main 

Note: Sometimes KStars or indilib are not completely installed, then it can be done again by 

executing: 

sudo apt-get update 

sudo apt-get upgrade indi-full kstars-bleeding 

Astrometry: 

The Astrometry plate solver can be used to accurately align the telescope in a very easy way. After 

rough polar alignment, go to a known object. The plate solver takes a DLSR image and tries to 

match it with stored and indexed images. When successful, the fix can be used to sync the mount. 

To be able to use this, both the plate solving software and a library of index images must be 

installed. Download the files from http://data.astrometry.net. See also the relevant pages on 

the Indi website. 

The Debian style packages of the index files are located here: 

http://data.astrometry.net/debian/<filename> 

The <filename> is as shown below, from lower to higher resolution: 

astrometry-data-4208-4219_0.45_all.deb  // 30' - 2000' 

astrometry-data-4207_0.45_all.deb   // 22' - 30' 

astrometry-data-4206_0.45_all.deb   // 16' - 22' 

astrometry-data-4205_0.45_all.deb   // 11' - 16' 

astrometry-data-4204_0.45_all.deb   // 8.0' - 11' 

astrometry-data-4203_0.45_all.deb   // 5.6' - 8.0' 

etc... 

Using FTP, store the Debian packages to a suitable directory on the RPi (~pi/Astrometry) and use 

the Debian package manager to unpack them to the right location (/usr/share/astrometry): 

sudo dpkg -i astrometry-data-*.deb 

After unpacking my index file set amounts to about 5GB in total. 

http://data.astrometry.net/
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PHD2: 

PHD2 is maintained by http://openphdguiding.org/ but only for Windows and MacOS. The Linux 

variants are maintained by Patrick Chevalley on his launchpad: 

https://launchpad.net/~pch/+archive/ubuntu/phd2 

To install, enter the following: 

sudo add-apt-repository ppa:pch/phd2 

sudo apt-get update 

sudo apt-get install phd2 

Again, the repository can be added manually to /etc/apt/sources.list: 

deb http://ppa.launchpad.net/pch/phd2/ubuntu xenial main  

deb-src http://ppa.launchpad.net/pch/phd2/ubuntu xenial main deb  

Other settings <<TBC>>: 

To avoid interference of other applications with the indi_gphoto_ccd driver the following has to be 

taken care of. Remove the following files (if not already done): 

sudo rm /usr/share/dbus-1/services/org.gtk.Private.GPhoto2VolumeMonitor.service 

sudo rm /usr/share/gvfs/mounts/gphoto2.mount 

sudo rm /usr/share/gvfs/remote-volume-monitors/gphoto2.monitor 

sudo rm /usr/lib/gvfs/gvfs-gphoto2-volume-monitor 

When in GUI mode sometimes the Canon SD card is auto-mounted to a desktop folder. In order to 

prevent this, do: 

gsettings set org.gnome.desktop.media-handling automount false 

Note: This last setting will only work from a GUI terminal window. 

 

http://openphdguiding.org/
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HW components 

The INDIbox 

My INDI configuration has been built into a plastic enclosure, which has plenty space. 

 

In the picture you can see the RPi3 (now replaced with RPi4), a 3Amp USB power buck converter 

and a micro-USB connected to it. The lot runs on appr. 12V (PSU or battery) which is also output 

on the front to supply the NEQ6, the DSLR and a fan. These outlets should really be fused 

separately... 

The front side provides three 12V outlets, four USB connectors and one Ethernet connector. On the 

rear side the power input connector is located. It can connect to a power supply (12V/5A) or for 

example to a 13.8V battery. 

The GPS receiver is a UBlox NEO-6M, providing 3V3 UART and PPS interfaces. These are connected 

to the Pi3 utility connector as follows: Vcc: pin 1, GND: pin 6, Tx: pin 10, Rx: pin 8, PPS: pin 12 
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NEQ6 - EQMod: 

The NEQ6 mount is connected using the INDI EQMod device driver. This device requires a serial 

interface to be connected via USB. For this purpose, a CP2102 based converter was purchased and 

built into a small enclosure. Note that the serial side should be at 5V TTL level. 

  

I carefully de-soldered the USB and pinheader connectors, and replaced those with a half USB and 

a half serial cable. This should work identically to an EQDir USB cable. 

 

DSLR Power: 

For powering the Canon 450D directly instead of a battery (which will run empty), I found a cheap 

plastic adapter on the web. This is nothing more than a battery shaped enclosure that just contains 

a pair of elco’s, which should be powered from an external net adapter.  

  

Since I wanted to connect this directly to the 12V outlet of the INDI box, instead I pried the 

adapter open and used the empty space to put in a cheap tiny buck converter. The voltage setting 

potentiometer did not work, and was replaced with a suitable fixed resistor, to yield a 7.6V output 

voltage. I re-used one of the elco’s and added a 100nF capacitor for further filtering purposes. 
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Game controller 

For corrections and scanning the sky a gamepad can be used as a joystick. In my case this is a 

Super Nintendo SNES controller with a USB interface: 

 

A driver is already available in the Ubuntu installation, for testing the controller the package jstest 

can be used: 

sudo apt-get install jstest-gtk 

This test package shows the numbers for the different buttons, to which KStars will refer. 



20 

 

References 

The INDI tutorial (“Painless remote control with Ekos/INDI”) 

http://indilib.org/support/tutorials/150-painless-remote-control-with-ekos-indi.html 

INDI Forum, topic: Mobile astrophotography with RPi2 

http://INDIlib.org/forum/general/750-mobile-astrophotography-with-rpi2.html 

INDI Forum, topic: Rolling your own from source code 

http://indilib.org/forum/general/210-howto-building-latest-libindi-ekos.html 

Ubuntu for the RPi4: 

https://jamesachambers.com/raspberry-pi-4-ubuntu-server-desktop-18-04-3-image-unofficial/ 

Terminal emulator for SSH, PuTTY: 

http://www.putty.org/  

Writing a disk image to SD Card, Win32DiskImager: 

https://sourceforge.net/projects/win32diskimager/ 

PHD2 (Ubuntu/INDI): 

https://launchpad.net/~pch/+archive/ubuntu/phd2 


