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Today's Program on Instrument Control

• The need for test intrument automation/control,

• The available electrical interfaces,

• A closer look at GPIB,

• An overview of a typical test automation cycle,

• The available software environments,

• The Required documentation,

• A suggested approach: Python / Qt4

• Instrument Control with the Raspberry Pi
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Why Automating Instrument Control?

• Simplifies repetitive or complex tasks (several 
measurements or several instruments),

• Enables unattended activities (overnight, long term)

• Allows to embed post-measurement processing 
(averaging calculation, plotting, etc),

• Provides error-free capture of data,

• Guarantees evenly time-distributed samples.

One measurement? Easy.
How about...
   1000 measurements ?
   Averaging, Std Deviation?
   Long term drift?
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What Electrical Interface?
Faster

• GPIB (HP-IB) 
– 1-Controller : N-Device(s)

– 8-bit parallel bus

– Expensive interface and cables

• USB 
– 1-Controller : 1-Device

– Low cost interface and cables

• Ethernet 
– 1-Controller : 1-Device

– Low cost interface and cables
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What Electrical Interface? (cont’ed)
Slower

• Serial 
– 1-Controller : 1-Device

– Low cost interface and cables

• Parallel (Printer) 
– 1-Controller : 1-Device

– Low cost interface and cables

• Parallel (Custom) 
– 1-Controller : 1-Device

– Low cost interface and cables

– Complex interface and cabling?
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What’s GPIB?

• Omnipresent, most test instruments offer it as option, 
was (and still is) standard on many,

• Other naming: HP-IB, IEEE-488,

• Still in use despite USB and Ethernet,

• 8-bit parallel bus, 3 handshake lines, five 
management lines,

• Truly designed with instrument control in mind 
(Trigger, Device Clear, Service Request),

– Pros: Reliable, rugged, fast, adopted on a large scale,

– Cons: Bulky, expensive,will surely become “passé”, but 
when?
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GPIB Controller– What solutions?
• PC Interface card

– PCI expensive (>100$), ISA low cost (~20$)

– Drivers required (OS-Dependent)

• USB-GPIB dongle
– Expensive (>100$), 

– Drivers may be required

• Serial-GPIB Interface
– Somewhat expensive (<100$)

– Not limited by drivers (OS-independent)

• Ethernet-GPIB
– Expensive (>100$), not common

– Not limited by drivers (OS-independent)
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Controller or Converter?
• Converter 

– Between GPIB controller 
and serial device (dumb),

– Instrument or PC is 
controller, printer is slave,

– Little or no data buffering,

– Not useful for automation.

• Controller
– Required for automation,

– Controller is the master, 
all test instruments are 
slaves,

– Has built in data buffering .
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What Documentation to Move Forward?
• GPIB (or other) controller manual 

required for PC-to-interface 
command syntax. Mostly Free.

• User Manual for each instrument 
to control. Needed for Interface-to 
Instrument command syntax. 
Available online in .PDF for most 
instruments. Mostly Free.

• Built-in Help in most programming 
environments.

• Programming Language 
documentation and manuals also 
available online. Free.
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Typical Test Automation Cycle

Configure Instrument(s)

Trigger Instrument(s)

Read Back Data

Save Data

Post-Process Data

End of Test?

Begin

End
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What Environments for Control?
• NI Labview (GUI) / LabWindows (C++)

– Simple and very expensive. Windows and Linux.

• High Level Programming Languages with/without GUI
– C,Pascal, Basic, Python, Fortran, etc

– Free and somewhat more complex. Windows, Linux, Mac

• Agilent Vee (GUI) (HP-Vee obsolete)
– Not mainstream, expensive. For Windows

• Matlab
– Very complex (overkill) and very expensive...

• Clairsoft TestPad Development Studio v1.00
– For  Windows. Free. Worth investigating! In Ottawa!

– Uses VISA layer. Has GUI controls. Basic.



VE2ZAZ 12

Labview: Cool... and Expensive

G Programming Language
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I now use Python. Why?

• Python is a scripting language. 
– Not compiled like C, Pascal, V-Basic...

– Interpreted in real-time by Python engine.

– Comes pre-installed into most Linux distros. Also available 
for Windows and Mac. → Easily Portable

– Rather simple syntax. Reminds of old 1980’s Basic. Yet is 
powerful.

– Complete set of instructions. 

– Libraries readily available: GPIB, serial port, plotting, 
Ethernet, FTP, HTTP, etc...

– Free!
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The Python Shell

Reminds us of 1980’s Basic on C64, VIC-20 and TRS-80!...
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The Python Script...
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Python Invoked From Command Line
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Create your Windows with QT4 Designer
• Member of the QT family of S/W development tools

• Cross-platform GUI layout and forms builder. Allows to 
design and build widgets and dialogs using on-screen 
forms.

• Forms created with Qt4 Designer are fully-functional, 
and they can be previewed.
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Create a Form, Place Widgets
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Associate Events to Actions
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Link the QT4 Window Design 
Into Your Python Script

• Use the PyQt4 set of Python bindings to integrate 
Qt4 designs into Python. Free.
– Use “pyuic4” command to translate the Qt4 .ui (XML) 

window design file into a .py Python script file.

– “Include” the resulting window .py script file into your .py 
code.

– Will create the window at execution time.

• In your Python script, you refer to window widgets 
by their name for updates, display or refreshes.
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Automation with the Raspberry Pi ver-B

• CPU powerful enough to fulfill any 
automation task.

• Raspbian “wheezy” distro is close enough 
to Debian and Ubuntu
– A complete compatibility of the Python test 

code to the Raspberry Pi.

• Ideal for long term testing (low power, 
stable platform, independent from any PC)

• Remote desktop control ideal (VNC, SSH, 
etc)

• Serial Port device definition may differ: 
“ttyUSB0” vs. “ttyS0”
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References
• Serial – GPIB Controllers

– National Instruments GPIB-232CT, GPIB-232CT-A

– IOTech Micro488EX

• Labview – National Instruments
– http://www.ni.com/labview

• Python
– http://www.python.org/

• PySerial
– pyserial.sourceforge.net

• Qt4 Designer
– http://doc.qt.digia.com/4.5/designer-manual.html

– Py

• Raspberry Pi
– http://www.raspberrypi.org/ 

• Clairsoft Test Automation & Measurement software
– www.clairsoft.com/

http://www.ni.com/labview
http://www.python.org/
http://doc.qt.digia.com/4.5/designer-manual.html
http://www.raspberrypi.org/
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Thanks!


