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Primary Image Guider (PIG) – Hardware and Software 
 
The main task of a guiding system for a telescope is to guide the telescope to a defined position and 
if necessary to hold the position. PIG must also have the capability to do some other tasks: 

 lead the telescope to the park position, 
 lead the telescope to the sun, 
 provide information from the position sensor, 
 “manually“control the driving motor by user commands. 

 
For a safer automation of the telescope PIG will run on its own computer. The hardware of PIG has 
to meet some criteria: being compact and small, having all interfaces that needed to connect with 
other hardware and easy to upload the software. The needed interfaces are an Ethernet card to 
connect with the network, a RS-232 serial port to connect with the position sensor and digital 
outputs to control the driving motors. PIG is written in a programming language of National 
Instrument named LabVIEW so it's manifest that PIG will run on hardware of National Instrument. 
The chosen hardware for PIG is a CompactRIO cRIO-9012 and a digital output module NI-9472. 
 
1. Hardware 
 
PIG runs on a “small computer” - the NI cRIO-9012 embedded real-time controller. The controller 

has an industrial 400 MHz Freescale MPC5200 
real-time processor, which is suitable for 
deterministic and reliable real-time applications. It 
contains 64 MB of DRAM memory and 128 MB of 
non-volatile storage. The embedded controller is 
robust, reliable, and works with low power 
consumption. The controller needs only a supply 
input from 9 to 35 VDC. 
The configuration of the controller is pretty apt for 
the guiding system. The controller has a 10/100 
Mb/s Ethernet port. With this port the controller 
can connect with the network in order to receive 
commands from users as well as send reports. 
There is also a RS-232 serial port and a full-speed 
USB host port. The serial port is needed to connect 
with the photo diode sensor and the USB host port 
can be connected with external USB-based storage 

media (flash drives), that delivers setting information to the program. 
In order to control the driving motors of the 
telescope, the system must contain a digital output 
module. A CompactRIO 4-slot chassis is combined 
with the controller and by aid of this chassis the 
controller can work with 4 digital output modules. 
For PIG only one digital output module is necessary. 
It is a National Instruments NI 9472 - an 8-channel, 
100 µs sourcing digital output module. Each channel 
of the module is compatible with 6 to 30 V signals 

 
The embedded real-time controller cRIO-9012

The CompactRIO 4-slot chassis  
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and features 2,300 Vrms of transient over voltage protection between 
the output channels and the backplane. Each channel also has an LED 
that indicates the state of that channel. The NI 9472 can be easily 
connected directly to the motors.  
So the choseen hardware from National Instruments meets all 
requirements for a guiding system: compact, robust, and containing 
sufficient ports.  
 
 
 
 
 
 
 

2. Installing the hardware 
 
The picture below shows the assembly of the hardware. It is easily done by means of a screwdriver. 
The power is also easily wired with the controller. It's important to wire correctly the digital output 
module with the motors (see the picture). The controller may share a power supply with the output 
module, both devices work well with a voltage of 9V. 
 

 
The digital output    
module NI-9472 
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The assembly of controller cRIO-9012, chassis and output module NI-9472 

 
Wiring power to the controller and NI-9472 as well as wiring NI-9472 with driving motors 
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The controller can be wired with two different power supplies to work more reliably. For the 
guiding system this is not necessary. The wiring of the module NI-9472 is much more complicate. 
There are totally 10 terminals. The power cable is wired at terminal 8 (Vsup terminal) and terminal 
9 (COM). The first six terminals (DO0 to DO5) are wired with the driving motors. Each of these 
terminals is responsible for a controlling function: 

 DO0: driving the telescope to north 
 DO1: driving the telescope to east 
 DO2: driving the telescope to south 
 DO3: driving the telescope to west 
 DO4: driving with fine velocity* 
 DO5: driving with “grob” velocity* 

* The telescope is driven with a normal velocity (“mittel”), when the two channel DO4 and DO5 are “off”. 
 
3. Working with Compact cRIO 
 
In this chapter it is described how to configure the controller and how to load a finished program 
into the controller. In order o write a program for the controller an extra computer (PC) is needed. In 
this computer you have to install some software from National Instruments: 

 Measurement & Automation Explorer (MAX): a software tool that is widely used to 
configure the hardware from National Instruments. 

 NI LabVIEW 8.6 or later 
 NI LabVIEW Real-Time Module 8.6 or later 
 NI LabVIEW FPGA Module 8.6 or later 
 NI-RIO 3.0 or later 

The controller will firstly be connected with the computer through Ethernet card port. Launch MAX 
on your computer (see the picture below).  
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The program will find the controller self-reliant and displays it under “Remote System” (in german: 
“Netzwerkumgebung”) in the “Configuration” pane. In this pane you will also see the information 
about your computer. Select the controller, the information about it will be displayed in the right 
pane. If the controller is not configured, it appears as 0.0.0.0. Select the “Obtain an IP address 
automatically” (“automatisch eine IP-Adresse ermitteln”) radio button to assign an IP address or 
select the “Use the following IP address” (“Folgende IP-Adresse verwenden”) radio button to 
specify a static IP address in the IP Settings section . In the name text field you can type a 
descriptive name for the controller. After assigning a name and an IP-Address to the controller click 
“Apply” (“Übernehmen”) above the Network Settings tab and let MAX reboot the system by 
clicking “Reboot” (“Neu starten”).  
After reboot of the controller appears the “Configuration” pane of the system, that you have 
assigned. Expand the items in the tree and right-click “Software”. A pop-up menu will appear. 
Select “Add/Remove Software” (“Software Hinzufügen/Entfernen”). Insert the software CD being 
attached with the hardware into the CD-drive. The required software will be installed automatically. 
The installed software can be seen in the information tree under “Software”. 
 
 

 
Window of “Measurement & Automation Explorer” 
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After the device is connected with the power supply and configured, it is ready for writing the 
program. First of all you have to create a project. The following steps are necessary: 
 
Step 1: Open the programming language LabVIEW and create a new “Real-time project”. Type the 
project name and enter the path of the project folder. Because the controller will run standalone 
later, the project type will be “State machine architecture”. With this project type you can write 

programs on your computer and load them into the module. After that there will be no connection 
between the controller and your computer. The controller is able to run as an independent server. 
Click “Next” (“Weiter”) to proceed to step 2. 

Add/Remove Software

Step 1: select type, name, and folder 
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Step 2: Add a networked target. For this project the target is the CompactRIO controller. Click 
“Browse” to display the list of supported hardware. Choose “New target or device” (“Neues Ziel 
oder Gerät”) to create new target by the type. Click on the type of the controller and proceed to step 
3. 
 

 
 
 
 
 

Step 2: add a networked target

Step 2: choose target by type 
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Step 3: Preview the project and finish creating new project (click on “Beenden” ). 
Open the project from of your folder to write new VIs. After opening the project-explorer the 
information tree of the project is shown in the pane. Right click on the controller to connect with it 
or to create new VIs (see the picture below). 
 
 
 
 
 
 
 
 
 
 
 
 

Project explorer 

Step 3: Preview project 
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If the software development is completed the program can be uploaded to the controller. All 
programs can be written on the computer are LabVIEW programs. Not the source programs will be 
uploaded but their compiled binary files. In order to compile the programs in your project you have 
to create a real-time application. 
Right click “build specification” on the pane of 
project explorer and choose New (“Neu”) → “Real-
Time Application” in the pop-up menu. A new pane 
will be opened. With this pane you can configure 
the properties of the real-time application. 
The most important configuration is the 
information about the local destination directory, 
where the compiled application is stored in your 
local computer and the “target folder”- the folder 
on the controller's SRAM (see the picture “Real-
Time application property 1”). You can also use the 
suggested directories. 
The other important property of the application is the name of the main VI, which will be called 
when the controller starts up (see “Real-Time application property 2”). Click on “Source Files” on 
the left pane. A list of all VIs in your project will be displayed. Choose the main VI and use the 
“right-arrow” to translate the VI into the list of “to be started VIs” (“Zu startende VIs”). Click 
“Create” (“Erstellen”) to finish creating the application. 
 
 
 
 

 
Right click on the controller 

in order to add new VIs 

Create a new real-time application 
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Real-Time application property 1
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All VIs of a real-time application should be developed in this way in a normal project. After 
completing all VIs, right click on the created real-time application and click “Create” (“Erstellen”) 
in the pop-up menu in order to compile the application. 

 
 
 
 
 
 
 
 
 
 
 
 
 

After the application is compiled, click on “distribute” (“Verteilen”) to upload the application into 
the controller. To test the program during the phase of development you can run the main VI as in a 
normal project. The tested application will run virtually. 
Another important setting for a real-time application is if the application will run as start up or not. 
The guiding system PIG runs as a standalone machine. It is then necessary start PIG immediate 
after PIG is switched on. To achieve this right-click the real-time application and choose “Run as 
startup” in the pop-up menu. 
Normally it is convenient to up-load the application as described above, but sometimes an 
application is not developed for only one controller. In this case it is more advantageous if the 
application is loaded into controllers without using the project explorer. In contrast a compiled real-
time application can be loaded as a normal data file. Use the LAN connection to access the file 

Real-Time application property 2 

Real-Time application
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system of the controller(s) and copy the compiled files from the local source directory to the target 
directory. The paths of these directories and compiled files are set up in the property of your real-
time application. 
 
 


