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A digitizer for on-site power and energy 
measurements



Objective / Specification

• Portable – should run on batteries, rugged. 

• Isolated – No copper connections for HV safety

• 6 channels – 3 phase V & I

• Sampling trigger by external clock (optical fibre)

• Fast sampling for flicker (72 kHz)

• Environmental conditions of site – temperature range.

• Continuous real-time data collection 

• 10 ppm accuracy (linearity, stability etc.)



Why not buy one ?

• Commercial systems looked generally very good but:

- Difficulties finding a externally triggered ADC.

- Questions over suitability for field environment.

- Suitability for high level language programming

- Real time processing

- Desire to understand the working of the instrument.

- Customization.



A quick solution 

Analog devices have some excellent ADC ICs 



A one day 24 bit ADC

$350 $100



Very nice – but……..

• Only one channel

• Not isolated

• Uni-polar input

• Power supplies need improvement

• Samples stored to SRAM and downloaded later using USB (limits 
capture length)

• No anti-aliasing filters 

• The ADC is Fast –100kS/s

• It should be good enough for 10ppm

• It is a sampling ADC (an external clock)

However…



Isolated – Real time Data:
Another Evaluation Card..

Parallel Port to FPGA for data transfer and to boot FPGA

Ethernet

Can be wireless!

($350)



Ethernet

Can be wireless!

Approx 700 euro + 1MM



Signal Conditioning & Multiple 
Channels

• The ADCs can be “daisy chained” to provide multiple channels with 
one DSP

• Bi-polar operation and anti-aliasing electronics designed

• Optical fibre sampling clock required

• Digital / analogue isolation required

• Isolated power supplies – floating channels.

Design and build a PCB for each analogue channel



24 Bit ADC Eurocard – One channel

Backplane
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Real Time Asynchronous Sampling PQ Software

• 6 channels of V & I: rms, fundamental, dc, phase angle.

• Single/three phase Watts, VA, VAR, PF

• Fundamental symmetrical components.

• Harmonics with interharmonic sweep (IEC61000-4-7)

• Flicker using NPL standard flicker meter.

• Dips and Swells as IEC61000-4-30.

• Temperature (3 probes).

It is possible to log the following continuously to disk 
at rates up to once per cycle:

6 Channels - 32kHz sampling rate – 6.144MBits/second



Real Time Multi-thread scheme



Real-time PC Software collects data over Ethernet processes, stores and displays.



AC 1V, 50Hz from Uncalibrated 5700A, Channel D02
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Six digitizer channels (offset for clarity) drift over 15 hours at 1V,

40Hz. Trend lines shown on each.



• Un-buffered Input Impedance at 50Hz = 7.5M ohm

• With buffer retrofit = 1013 ohm, 1pF.

DC Linearity



AC Linearity



Temperature Coefficient



Uncertainties



Additional Work Beyond WP2 
Deliverable for On-site PQ Use

• Real time PQ Software

• Voltage Input Amplifier Retrofit 
(440V,220V,110V,63.5V,20V,10V,1V computer 
selectable ranges).

• Rogowski Coil Integrator Amplifier Retrofit
(10kA,1kA,100A,10A computer selectable ranges)

• GSM/3G Data Communications.

• Temperature logging and GPS channel.

• Over current and overvoltage Protection boxes.

• Winter heater & temperature controller.



Peli-Case Design

Target Date: 

Ready for Smart Grid PQ Monitoring 

September 2011.


