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ABSTRACT

The ability of smart meters to communicate energy consumption
data in (near) real-time enables data analytics for novel applica-
tions, such as pervasive demand response, personalized energy feed-
back, outage management, and theft detection. Smart meter data
are characterized by big volume and big velocity, which make pro-
cessing and analysis very challenging from a computational point
of view. In this paper we presented SmartD, a dashboard that en-
ables the data analyst to visualize smart meter data and estimate
the typical load profile of new consumers according to different
contexts, temporal aggregations and consumer segments.

Categories and Subject Descriptors

H.2.8 [Database Applications]: Data mining; G.3 [Probability
and Statistics]: Time series analysis
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1. INTRODUCTION

Future ICT-based energy systems will rely on an Advanced Me-
tering Infrastructure (AMI), a system that measures and collects
data about energy usage and power quality using smart meters in-
stalled at the consumer premises [5]. Smart meter data has an im-
portant role in several Smart Grid applications and enables novel
data analytics tasks, such as energy consumption behavior analysis,
theft detection, outage management, pervasive demand response at
residential level, and personalized energy feedback. However, pro-
cessing and analyzing smart meters data is very challenging, be-
cause it is characterized by big volume and big velocity, and how
to extract useful information from it is still an open question.
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In this paper we present SmartD, a dashboard for smart meter
data visualization and analysis. SmartD has been built to be (i)
seamlessly integrated with existing data collection infrastructures,
(ii) intuitive to use, and (iii) easy to extend. To visualize and an-
alyze smart meter data, SmartD supports context selection (e.g.,
summer, winter, weekend, or weekdays), different temporal aggre-
gations (e.g., hourly, daily, or weekly), and consumer selection (ei-
ther individual or clusters of consumers). Although this function-
ality is commonly found in other energy dashboard or time series
visualization, SmartD’s additional and novel contributions are: (i)
estimating the typical hourly load profiles based on demographic
information, and (ii) determining the attributes of the demographic
profile that are relevant to consumer’s energy consumption behav-
ior for a given context. This functionality can be used to predict
the typical load profile of new consumers, or to understand the en-
ergy consumption behavior of different consumers (e.g., employed
vs retired, family vs single).”

2. SMARTD

We developed SmartD on top of GSN [2], a widely used middle-
ware for sensor networks deployment. Given that smart meters are
essentially sensors, GSN can be seamlessly integrated with an ex-
isting smart metering infrastructure, enabling applications running
on GSN to receive real-time smart meter readings (push mode) as
well as obtaining them from a DB or text files (pull mode). Figure 1
shows the architecture diagram of SmartD.

SmartD needs to be able to (i) retrieve and process smart meter
data with big volume and velocity, and (ii) visualize and extract
valuable information from that data. While the first capability is
provided by GSN, we briefly explain the second in the following
sections. We remark that although for demonstration purposes we
use the Irish CER dataset [1]3, SmartD can be used with any time
series of smart meter data and consumer demographic profiles in
the form of <attribute,value> tuples.

2.1 Energy Consumption Analysis

For the visualization of energy consumption data (see Figure 2),
SmartD has several key features, detailed below.
Temporal aggregations. SmartD supports different time granular-
ities, from half-hourly to monthly. In addition, a set of basic statis-
tical aggregation functions is also provided, such as sum, average,
min, and max.*

2We use the terms energy consumption and load interchangeably.

3This dataset contains measurements of approximately 5,000 con-
sumers for 1.5 years (Jul 2009 - Dec 2010)

“More sophisticated aggregation functions can be easily added.
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Figure 1: SmartD architecture diagram

Measurement of different IDs

Figure 2: Energy consumption analysis

Consumer aggregations. SmartD supports visualization of en-
ergy consumption of a set of individual consumers, clusters of con-
sumers, or a mix of both. We use a simple but flexible grammar
id((,4d) | (;id))" to specify the desired visualization, where id is
a consumer identifier, the character ;" separates clusters, and the
character ““,” separates consumers within a cluster. An individual
consumer is then expressed as a cluster of one consumer. If a clus-
ter of more than one consumer is specified, the users can choose
the functions to aggregate the energy data within the cluster (such

as sum, average, min, or max).

Consumer characterization. SmartD provides an option to focus
more on consumer demand shape, by plotting z-normalized data.
This functionality can be used, e.g., to spot consumers who have
morning peak, evening peak, or both.

Histogram. SmartD provides a histogram view with the distribu-
tion of energy consumption values, which can be useful to analyze
the way people consume energy. For example, we found that the
energy consumption of residential consumers follows a log-normal
distribution, peaked around their base load, while commercial and
industrial consumers follows a normal distribution, peaked around
the mean consumption of working hours.

2.2 Energy Consumption Estimation

SmartD supports data analysts by providing insights related to
energy consumption behavior. First, it helps to answer questions
about consumer load profile given her demographics, such as what
is the difference between load profile of families with and with-
out children?, or can we estimate the typical load profile of a new
consumer using her socio-demographic information?. SmartD es-
timates the load profile of a consumer (see Figure 3), if provided
with (a subset of) the consumer demographic information, as well
as the context of interest (e.g., weekend, Monday, summer, etc.).
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Figure 3: Energy consumption estimation

This is done using k-nearest neighbor (k-NN), where the best k is
determined using leave-one-out cross-validation.

Second, SmartD also helps to infer demographic information
which significantly influence energy consumption on a specific con-
text, e.g., weekend, Monday, or summer. This is implemented us-
ing correlation-based feature selection [4] and k-NN, where the fea-
tures are the demographic information and the target classes are the
hourly consumption values. These learning functionalities is devel-
oped using the WEKA machine learning library [3].

3. CONCLUSION

In this paper, we presented SmartD, a dashboard for smart meter
data analysis and visualization developed on top of GSN. SmartD
has been released as an open-source project.’ SmartD capabilities
include visualization of energy consumption data and estimation of
the typical load profile of a consumer according to her demographic
and contextual information. As future extensions, other function-
alities such as customer segmentation [7], interpolation of missing
values, and load forecasting [6], could be added.
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