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Abstract
Metering technology is one of the core technologies of the smart power grid.
The overall metering solution and related products have a wide market space
in the whole process of power production, which bring new opportunities for
power distribution development from automation to intelligentialize, and
provide technical supports for the power metering system platform. Because
of the importance of metering products and their market demand, this paper
focuses on the design of a simple power metering chip with low-cost, lowprecision and non-invasive, so as to lay the foundation for the development
and practical technology accumulation of power metering products. The design achieves low cost by reducing the acquisition accuracy, simplifying the
collection and sampling methods. This paper studies the chip accuracy, sampling methods, collection methods, and the inference of the chip characteristics requirements.
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1. Introduction
With the rapid development of power system, the capacity of power grid increases, whose structure also becomes more and more complex. Thus, the automation of real-time monitoring and scheduling in power system is particularly
important, while data acquisition is an important part of automation, especially
how to collect the analog power signals accurately and quickly. Metering technology is one of the core technologies of the smart power grid. The overall metering solution and related products have a wide market space in the whole
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process of power production, which bring new opportunities for power distribution development from automation to intelligentialize and provide technical
supports for the power metering system platform.
Metering products run through the whole process of power production. In the
power system, generation, transmission, transformation, distribution, utilization, and adjustment are all involved in the applications of metering products,
which plays an important role among power grid, source and load. The basic
metering methods and collection technology are the fundamental guarantee for
the relevant power metering enterprises to build metering product tree. The research of basic metering technology includes the calculation of basic parameters
(such as E, P, U, I, etc.), and core algorithm (such as sampling and filtering).
Only the core metering technology is handled, the further accuracy and consistency of metering product can be improved. At the same time, according to the
energy characteristics of electric vehicle industry and high-speed rail industry,
basic metering technology includes a range of research from the algorithms such
as sampling, modeling and core controlling to providing a complete product solution, which can make a contribution to solving the DC energy measurement,
impact load measurement, and the further development of measurement industry. Then, it makes a feasibility study on users’ perception direction in the power
grid, tracks and studies on the load identification technology, to lead the research in source-load interaction, sub-item measurement, etc.
Based on the importance of metering products and their market demand, this
paper focuses on the design of a simple power metering chip with low-cost,
low-precision and non-invasive, so as to lay the foundation for the development
and practical technology accumulation of power metering products. Because of
the limitation of cost and accuracy, simple outlines are collected among electrical information generally. Then the design achieves low cost by reducing the acquisition accuracy, simplifying the collection and sampling methods. This paper
studies the chip accuracy, sampling methods, collection methods, and the inference of the chip characteristics requirements.

2. Precision Positioning
Under normal use conditions, the degree of deviation between the instrument
metering result and the standard results is called the instrument accuracy [1]. If
the reference error is smaller, the accuracy of the instrument will be higher.
Then, the reference error is related to the range of the instrument. As a result,
the instrument range is always compressed to reduce the measurement error. In
industrial measurement, the accuracy level is used to facilitate the instrument
accuracy, which is one of the important indicators to measure the quality of the
instrument. The accuracy level can be obtained by the percentage value of the
maximum reference error absolute value [2].
1) There are different values for industrial instrument accuracy level: 0.005,
0.02, 0.05, 0.1, 0.2, 0.35, 0.4, 0.5, 1.0, 1.5, 2.5, 4.0, etc. The smaller value means
the higher accuracy.
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2) There are 16 values for the accuracy level of industrial process measurement, control instrument and indicating instrument: 0.01, 0.02, (0.03), 0.05, 0.1,
0.2, (0.25), (0.3), (0.4), 0.5, 1.0, 1.5, (2.0), 2.5, 4.0, 5.0. The values in brackets are
not recommended.
The power metering chip studied in this paper is mainly used in power system
and related power distribution fields, such as electric trend monitoring, dispatching automation decision-making, power energy efficiency monitoring,
power demand side management and so on. So the chip with a low accuracy (1 2 measurement accuracy level) can achieve the above goals, which is also a key
factor why this chip can be low-cost.

3. Analysis for Sampling Algorithm [3]
3.1. Sampling Methods
According to the different sampling signals, the sampling can be divided into
DC (Direct Current) sampling and AC (Alternating Current) sampling. DC
sampling transforms the AC voltage and current signals into 0 - 5 V DC voltage
to collect. The main advantage of this method is simple and easy to filter, but the
disadvantage of large investment, complex maintenance and not achieving
real-time signal acquisition, makes it limited in power system applications. AC
sampling converts the alternating current quantity into ±5 V (or 0 - 5 V) AC
voltage to collect. This method is with good real-time acquisition, small phase
distortion, less investment and easy to maintain. But it is complex, difficult to
improve the accuracy, and needing high A/D conversion speed. However, with
the development of computer technology, AC sampling will be gradually replacing DC sampling with its excellent performance/price ratio. So the power metering chip in this paper takes AC sampling method.

3.2. Analysis for AC Sampling Algorithm
AC sampling is used widely, and depending on different applications, there are
many kinds of AC sampling algorithm. According to the model function, it can
be divided into sinusoidal model algorithm and non-sinusoidal period model
algorithm. The former includes the maximum algorithm, single-point algorithm,
half-cycle integral method, two-point sampling, etc.; the latter includes the root
mean square algorithm, Fourier algorithm, etc. Various algorithms are applied
in different power system applications with their advantages and disadvantages.
To collect the three-phase symmetrical sinusoidal signal, the single-point algorithm will be an ideal algorithm. This algorithm is accurate and fast, without
depending on the sampling time, which can also get the voltage, current, active,
reactive and other signals. But it requires high sampling signal, and its hardware
is complex. For other algorithms, such as the maximum sampling, half integral
sampling and two-point sampling, they are simple and fast, which can be completed in the half cycle. However, they have strict requirements for the input
signals, only suitable for application with a sinusoidal signal or pre-filter device.
The above sampling algorithms are fast and with good real-time performance,
575
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especially for relay protection system and real-time monitoring system [4].
The root mean square algorithm (RMS algorithm) can take into account the
influence of high-order harmonics. If increasing the sampling points in each period, the sampling accuracy can be improved, but it leads to reducing sampling
speed and increasing the computational complexity. Therefore, it needs to weigh
and make a choice between the accuracy and speed.
The full-wave Fourier algorithm has a strong filtering ability, can collect signals in a variety of periodic volume, and calculate fundamental and high-order
harmonic. On the other side, it has a low response speed, suitable for data acquisition when power calculation or other occasions with poor real-time but high
precision requirements, which cannot satisfy the fast acquisition requirements.
The recursive Fourier algorithm improves the response speed, but it has a delay
effect, which will get a great error especially in the event of a sudden change in
power.
To sum up, to meet the general measurement requirements and consider the
measurement parameters may be further increased or expanded, the root mean
square algorithm is the best choice, because it can handle any waveform acquisition and any parameter calculation, also calculate the waveform frequency
without hardware capture circuit. The root mean square principle is analyzed as
follows [5]:
Let

u = U m sin ωt

(1)

1 T 2
u dt
T ∫0

U=

(2)

Discretize it,
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where N is the number of equal intervals sampling per cycle and uk is the kth
sample.
From the sampling theorem, this algorithm can take into account N/2-order
harmonics.
Similarly,
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S = UI

(7)

3.3. Analysis of Sampling Frequency and Sampling Points
The highest analytical frequency: Fm refers to the highest frequency that needs
to be analyzed, and also the highest frequency after the anti-aliasing filtering.
According to the sampling theorem, generally, the relationship between Fm and
the sampling frequency Fs is [6]:

Fs = 2.56 Fm

(8)

The choice of the highest analytical frequency depends on the speed of the instruments and the nature of the expected error.
Similarly, the number of sampling point N has the following relationship with
the number of spectrum line M:
N = 2.56 M

(9)

where, the number of spectrum line M has the following relationship with the
frequency resolution ΔF and the highest analytical frequency Fm:

∆F =
Fm / M

(10)

=
M Fm / ∆F

(11)

Which is
So

=
N 2.56 Fm / ∆F

(12)

Obviously, the number of sampling point is related to the frequency resolution. For example, the machine speed is 3000 r/min = 50 Hz, if the fault frequency is estimated below 8 times, and the frequency resolution on the spectrum
is ΔF = 1, then the sampling frequency and sampling points are set to:
The highest analytical frequency

=
Fm 8.50
=
Hz 400 Hz

(13)

The sampling frequency

Fs = 2.56 ⋅ Fm = 2.56 ⋅ 400 Hz = 1024 Hz

(14)

The number of the sampling point

N = 2.56 ⋅ ( Fm / ∆F )= 2.56 ⋅ (400 Hz/1Hz)= 1024

(15)

The number of the spectrum line
=
M N=
/ 2.56 1024
=
/ 2.56 400

(16)

From the above analysis, in this paper, the sinusoidal wave frequency is 50 Hz,
harmonic analysis is 21 times, and the highest analytical frequency is

Fm =
21 ⋅ 50 Hz =
1050 Hz

(17)

The sampling frequency is

Fs = 2.56 ⋅ Fm = 2688 Hz

(18)

In order to facilitate configuration and calculate easily, this paper assumes that
it samples about 60 points per cycle, and its sampling frequency is 3 KHz. The
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filter algorithm samples 8 times each time using the same channel, and takes the
intermediate 4 values to average. The sum of the squared data for one cycle is
divided by the number of periodic sampling point N.
Where, the periodic sampling number is N = 3 KHz/waveform frequency, and
the frequency is calculated by sampling zero-crossing point.
In general, the metering chip sampling port input voltage is 0 - 5 V. In general, the metering chip sampling port input voltage is 0 - 5 V. When the test value
does not exceed the 2/3 range of instrument, the measuring precision is more
accurate, that means sampling the waveform the peak value is 3.5 V. The accuracy of 12 bit AD sampling chip can only reach the accuracy of 8 bit, so the
above reference accuracy is 1/256 = 0.39, about 0.4, considering the influence of
sampling data processing, the accuracy of the metering chip can reach the level
2.

4. The Realization of Metering Chip
The realization of the metering chip data processing functions, mainly rely on
software program. According to the foregoing analysis, the sampling steps and
related algorithms of current, voltage and frequency are followed.
1) Initialization: system clock (including CPU, AD, serial clock), I/O port
(input and output, sampling, serial port), interrupt (clear interrupt flag, mask
global interrupt), AD (sampling mode, sampling channel), and Serial port
(communication protocol, baud rate).
2) Data sampling and computation
a) Input 2 channels of voltage and current;
b) Filter the sampling value: adopt the average median filtering method (also
known as anti-pulse interference average filtering method) and use 8 to 4 (that
is, sort the 8 collected points, then remove the two maximum and two minimum
values. In total 2 × 8 = 16 points needed);
c) Save and calculate the instantaneous sampling value of two channel signals:
according to the collected data to determine the current, voltage zero-crossing
points;
d) Compute the related data on zero-crossing point: the valid value, frequency
and phase difference of two channel signals;
e) Set the sampling end flag;
f) If it crosses zero, set the zero flag; if not, clear the zero flag;
g) If interrupt, return.
3) Save data: save the processed sampling data
4) Data communication (subject to specific requirements)
5) Finish
Corresponding to the above steps, the software initialization program and
sampling interrupt program flow chart is as the follows (Figure 1 and Figure 2).

5. Ending
The research of the basic measurement technology covers many things. On the
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Start initialization

System clock initialization, open ADC,
SPI, SCI and other clocks

I/O interface initialization
Functional/ General interface

Configuration interrupt vector table
clear interrupt flag , mask global interrupt

ADC initialization
start 2 sampling signal

communication initialization
Including baud rate, communication
protocol and interrupt
Finish initialization
Figure 1. Initialization program.

Figure 2. Sample interrupt program.
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one hand, the basic measurement technologies and methods need to be deeply
understood through the practical application; the basic measurement technologies and related expertise should be further studied to complete the technology
accumulation, inheritance and continuity. On the other hand, the basic measurement technologies mush be strengthen on the researched and transformation. Putting the research achievement into the metering chip is one of the tasks.
How to reduce the cost, improve the accuracy level, and simplify the design of
the power metering chip, is the entry point, also the key point to improve the
product competitiveness.
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