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Abstract — The test set-up for Power meter IC is considered
in this paper. Integrated Power Meter is a SoC dedicated not
only for energy measurement but for measuring of many
important power line signal parameters including RMS
current and voltage, active, reactive and apparent power,
power factor and frequency. The presented test set-up is
considered here from the hardware and software point of
view. Its main advantages are low cost, high efficiency and
eas-to-use graphical user interface.

1. INTRODUCTION

The successful implementation of integrated systems on
chip depends not only on inventing and implementing the
new circuits but also on the development of appropriate
environment for prototype testing. Every new chip needs a
test set-up capable to test its input and output
interconnections, and to check the complete chip
functionality. To fulfill all specified requirements, the set-up
needs particular hardware and software.

This paper presents one application specific test set-up
solution dedicated to the Integrated power-meter IC.

The paper is organized as follows. The second part gives
a short description of functions and blocks built in the
Integrated power-meter chip. The third section gives general
description of the test set-up. The fourth section explains the
hardware of the test set-up while the fifth chapter describes
testing procedures. A short overview of the protocol that
enabled efficient data acquisition will be given as well. The
last chapter presents advantages of the used test set-up.
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Figure 1. Power meter System-on-Chip

Integrated power-meter (IPM), which is implemented in
0.35um CMOS standard cell technology, performs several
functions: four quadrant power and energy measuring,
instantaneous and RMS current and voltage levels, power
factor and frequency.

Figure 1 shows structure of IPM. The analog front-end
consists of two Sigma-Delta AD converters (for current and
voltage channels) and Band-Gap voltage reference [1]. The
digital part includes five digital filters (two Sinc, two FIR and
one Hilbert transformer filter), Digital signal processing
(DSP) block and Serial Communication Port unit (CSP).

The digital filters decimate oversampled signals coming
from ADC output. Different resolution needed for current and
voltage channel requires two separate decimation channels
each with total decimation factor of 128. Both decimation
channels consist of two Sinc filters and two FIR filters. The
detailed description of filters can be found in [2].

Digital filters produce 24-bit signed two's complement
digital samples of current I, voltage V and phase shifted
voltage Vp that enter the DSP part (Fig. 1). Data rate of these
voltage and current samples is 4096 Hz.

DSP block (Fig.1) operates on 4.194 MHz clock
frequency and calculates current and voltage RMS values,
apparent, active and reactive power, power factor, frequency,
reactive and active energy. Detailed description of DSP
performances and realization can be found in [3], [4], [5].

Communication between IC core and external micro-
processor is performed through the Communication Serial
Port block (CSP in Fig. 1) that allows the user to calibrate
components of IPM and read the measured results.
Bidirectional pins SDA and SCL are used as communication
interface. One additional pin - CSN enables the CSP block.
More details about CSP realization can be found in [6].

IPM operates in four modes selectable by pins MODEI
and MODEQO [7]. Namely these are normal operating mode
(NOM), testing mode (TM), initialization (INI) and reset
mode (RST).

3. TEST SET-UP OVERVIEW

The simplified schematic of the test set-up is given in
Fig. 2. The set-up consists of NI-6251 PCI DAQ card, the
referent power-meter unit and specially designed printed
circuit board which comprises IPM as unit under test and
testing procedures.
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Figure 2. Integrated power-meter set-up overview

USB port connects the printed circuit board with the PC
providing 5V power supply from PC to the board.

NI-DAQ card generates analog sinusoidal waveforms to
stimulate current and voltage inputs of [IPM. As IPM requires
differential input signal, the both analog output of the DAQ
card are used. These signals have maximal amplitude of
500mVpp. LabView software controls the card operation.

Analog stimuli are loaded simultaneously into the test
board and the referent power meter unit (Fig.2).
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The referent power meter unit (RPMU) is developed by
our industrial partner. It is a modified standard power meter
adapted for purpose of IPM calibration and testing. The
signals from NI-DAQ are directly fed to the inputs of
competitive integrated power-meter IC which is incorporated
into this referent power meter unit. Therefore, current
transformers and voltage divider circuits within power-meter
are bypassed.

Specially designed printing circuit board (in further
called simply the testing board) incorporates the IPM and
circuitry needed to accept and store temporary data in the
form suitable for transfer through USB port. The IPM
receives analog waveforms from NI-DAQ and calculates
power line parameters. The data are sent to the PC for further
processing, recording and displaying. For this purpose, a
specific software solution called /PM Master is specially
developed using Visual C++ programming language. It is a
graphical user interface that eases calibrating and testing
procedure. It controls the operation mode of IPM and drives
the data transfer to/from PC. The user can access to any of
internal register in IPM and to read and/or write data as 24-bit
word.

The following section describes the testing board in more
details.

4. TESTING BOARD

Fig.3 presents the simplified schematic of the testing
board. Except IPM that is unit under test, the main parts of
the board are microcontroller PIC16F877 and RS232 to USB
converter IC - FT232BM.

The board gets 5V power supply from PC via USB port.
IPM operates at 3.3V and LT1085-3.3V is needed to provide
the voltage reference. The rest of circuitry (including PIC
microcontroller) operates at 5V. The analog inputs of IPM
had to be isolated from USB port in order to provide safe
operation during connecting testing board and external
referent power meter unit. Therefore, isolated DC/DC
converter IC - AMIS-0505 is wused. Besides, serial
communication lines (RX and TX lines) between PIC and
FT232BM chip had to be isolated by using opto-couplers.
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Figure 3: Test set-up board for IPM testing

Microcontroller controls the logical states on IPM input
pins MODEI and MODEDO that define the operating mode of
IPM chip. Table I presents correspondence between chip
operating mode and logical states on MODE1 and MODEQO.

Microcontroller enables the communication with IPM

over CSN pin.
Table |
IPM operating | y15pE 1 | MODEO

mode
Normal 0 0
Initialization 0 1
Testing 1 0
Reset 1 1

Since microcontroller and IPM operate at different
power supply voltages, voltage level shifters are used for
signal shifting from 3.3V to 5V and vice versa. They are
incorporated within Block 1 in Fig. 2. Detailed internal
structure of Block 1 is given in Fig. 4.

Inverters 74HCTO04, open-drain inverter 74HCO05 and
pull-up resistors (Fig. 4) provides level shifting for signals
MODE1, MODEO, RUN_STOP and CSN.

3.3 Bsi70 [V 3.3V
. 2k © 2k . []10k
sda_imp sda_pic ~ mode0_imp mode0_pic
L 0 o B
o) ® ‘- Q 4 ‘-

5V

74HCO05 74HCT04

74HC161 74HC161

clk_524288_imp

90 g1 g2 g3 q0 g1 g2 g3 ;
74HCTO4 74HCTO4 clk_4096_pic

Figure 4: The structure of Block 1 - voltage level shifters and
clock divider circuit

Bidirectional ports SDA and SCL on IPM and PIC
microcontroller sides are interfaced through N-channel
MOSFET transistors BS170 (Fig. 4).

The level shifting operation on SDA and SCL lines
requires consideration of the following three states:

State 1. If neither IPM nor PIC microcontroller is pulling
down the signal line, the signal line of IPM is pulled up to
3.3V. The gate and the source of the BS170 are both at 3.3V
and Vgs is below the threshold voltage, hence the BS170 is
not conducting. This allows that the line at PIC section is
pulled up to 5V. Therefore, the lines of both sections are
HIGH, but at a different voltage level.

State 2. If IPM chip pulls down the line to a LOW level,
the source of the BS170 becomes also LOW, while the gate
stay at 3.3V. The Vgg rises above the threshold and the
BS170 starts conducting. Now, the line of the PIC
microcontroller section is pulled down to a LOW level by the
3.3V device via the conducting BS170. So, the lines of both
sections become LOW at the same voltage level.

State 3. PIC microcontroller pulls down the line to a
LOW level. The drain-substrate diode of the BS170 conducts
driving source to LOW. Simultaneously, Vgs exceeds the
threshold, transistor BS170 conducts, driving the line of the
IPM section further to LOW level defined by PIC. Therefore,
the lines of both sections become LOW at the same voltage
level.

The implementation of printed circuit board is given in Fig.
5.
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Figure 5: Implemented printing circuit board

5. IPM MASTER APPLICATION

Fig. 6 presents the main window of /PM Master GUI. It
displays the following power-line parameters: measured
RMS values for current (Irms) and voltage (Vrms), active (P),
reactive (Q) and apparent (S) power, power factor (cos(fi)) ,
frequency (Freq), spent or generated energy value for active
and reactive power (Pos. and Neg. Active and Reactive
Energy). Each value is given in both formats: as hexadecimal
number (representing the content of the appropriate register
of IPM) and in physical units.
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Figure 6: The main window of IPM Master application

IPM Master provides two different acquisition modes
that control the PIC operation (group box Board acquisition
mode shown in Fig. 6). In the first acquisition mode, PIC
periodically collects contents from all 64 registers of IPM,
while during the second mode, PIC only collects the data
from registers for instantaneous current and voltage values.

Since the DSP part of IPM periodically calculates power-
line parameters after every second in normal operating mode,
PIC controller have to read new data from all registers and
send data to the USB port, after the time interval.
Synchronization between PIC controller and IPM chip is
achieved through a particular IPM output pin which gives
clock frequency equal to 524288Hz. This clock frequency is
used as input to the clock divider circuit that partially belongs
to Block 1 (Fig. 4) and the other part is implemented in PIC
controller software. Clock divider in Block1 is formed by two
4-bit counters 74HC161 with the total clock dividing factor
of 128. Clock frequency equal to 4096Hz is then fed into the
pin RA4 of PIC microcontroller. Timer 1 of the PIC is then
used to generate clock frequency of 1Hz that triggers the
program routine implemented in PIC program. In this
program routine PIC reads all registers and sends data to the
FT232 over its RS232 serial interface (pin TX of PIC16F877

shown in Fig. 3).

The second acquisition mode is used when one needs
only the instantaneous waveform samples of current and
voltage signals. This is useful for performance analysis of
AD converters and digital filters incorporated within the chip.

Digital filters of IPM produce 24-bit signed two's
complement digital samples of current I, voltage V that enters
the DSP part of IPM (Fig. 1). Data rate of waveform samples
is 4096Hz. Clock frequency of 4096Hz from the Blockl is
fed into the pin RA4 of PIC microcontroller that directly
triggers the program routine which reads registers for I and V
are send the data over RS232 serial interface.

The chip operating mode can be chosen by selecting one
of four radio buttons: Reset, Initialization, Normal and
Testing in the group box called Chip mode (Fig. 6). When
one radio button is selected, IPM Master sends the
appropriate command to the PIC to set appropriate logical
states to pins MODEO and MODE]1 (Table I). The user can
enable serial communication block of IPM by checking the
CSN check box (Fig. 6).

When Edit button in the Chip settings group box (Fig. 6)
is pressed, new dialog window appears on the screen, Chip
initialization.

This window is used for selection of calibration registers
that can be modified during the initialization mode. Beside,
registers content can be changed by entering the 6-digit
hexadecimal number into appropriate edit fields. While
initialization mode is selected, after pressing Submit button
(Fig. 6), calibration registers of the IPM are modified with
the values previously defined in Chip initialization dialog.

IPM Master offers to user a possibility to change the
content of any IPM register anytime during the normal
operating mode. The access needs address to be written into
Addr edit field in form of 2-digit hexadecimal number and
data to be written into Data field in form of 6-digit
hexadecimal number. Pressing the Write button causes
modification of the selected register content.
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Figure 7: Exploring content of all 64 registers of IPM chip



Fig.7 one shows the application window that explores
the content of all 64 registers of IPM chip. Each register is
defined by the name, corresponding address value and

content given in both formats: in a 6-digit hexadecimal
number and in physical units.

Table II
REFERENT POWER METER IPM RELATIVE ERROR [%]

V - REF I1-REF P - REF V - MER I - MER P - MER \ 1 P

392.98 97.045 38132.5 393.22 97.032 38210 -0.061 0.013 -0.203
357.85 88.378 31620 357.97 88.366 31697 -0.033 0.014 -0.243
314.88 77.758 24483 314.99 77.75 24537 -0.035 0.010 -0.221
287.79 71.044 20450 287.9 71.05 20494 -0.038 -0.01 -0.215
245.85 60.668 14925 24598 60.72 14996 -0.053 -0.08 -0.476
200.71 49.56 9949 200.84 49.58 9980 -0.065 -0.04 -0.312
166.84 41.137 6873 166.95 41.21 6891 -0.066 -0.18 -0.262
134.67 33.203 4479 134.74 33.27 4489 -0.056 -0.20 -0.223
99.32 24.547 2436.3 99.37 24.53 2441 -0.056 0.069 -0.193
63.48 15.692 995 63.59 15.692 1010 -0.176 0 -1.508
47.32 11.701 553 47417 11.704 554 -0.205 -0.03 -0.181
24.19 6.001 145.5 24.437 6.024 145.831 -1.021 -0.38 -0.227
12.28 3.024 37.5 12.52 3.07 36.846 -1.954 -1.52 1.744

6. CHIP VERIFICATION

Proper chip verification requires differential sinusoidal
stimuli with maximum amplitude of 500 mVpp and
maximum frequency of 200 Hz. This signal provides DAQ
NI-PCI 6251 that has two analog outputs. The same signal
stimulates tested IPM and a referent power meter unit. The
obtained results are compared in PC. Calibration is the first
step. It requires two measurements. One at low amplitude and
the second with signal amplitude close to full range. Gain and
offset is calculated for voltage, current and power. Calculated
values are transferred to the proper IPM registers. After
calibration measurements are performed for different
amplitude of input stimuli. Table II presents results obtained
during verification of one of prototyped IPMs. Suffix REF
stands for referent values, while suffix MER stands for
measured values of RMS voltage, RMS current and active
power..

7. CONCLUSION

This paper presented test set-up for IPM consisting of
hardware and software parts. This is cost effective solution
for laboratory testing. The test set-up successfully fulfilled all
imposed requirements. All measurements are done in real
time. The chip under test is insulated from PC by opto-
couplers and DC-DC converters.
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Sadrzaj — U ovom radu opisano je novo testno okruzenje za
testiranje integrsanog meraca potroSnje elektriCne energije.
Opisani su hardverski i softverski delovi okruzenja. Radi se o
jeftinom uredjaju kojim se upravlja preko PC raCunara uz
primenu softverske aplikacije specijalno razvijene za ove
potrebe.

NOVO TESTNO OKRUZENJE ZA TESTIRANJE
INTEGRISANOG MERACA POTROSNJE
ELEKTRICNE ENERGIJE

Borisav Jovanovi¢, Miljan Nikoli¢, Predrag Petkovic,
Milunka Damnjanovié




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


