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Abstract — A microgrid is the power system of choice for the 
electrification of rural areas in developing countries. It should be 
able to adapt to changing load situations without the need for 
specialists to change the configuration of the microgrid control-
ler. This paper proposes a self-configuring microgrid manage-
ment system that is able to adjust both generation and demand of 
the system, so that also in case of growing electricity demand the 
grid can still be operable by disconnecting unessential loads. A 
crucial task for the microgrid controller is to automatically iden-
tify the connected loads on the basis of their consumption beha-
viors. For this, a template-matching algorithm is proposed that is 
based on Dynamic Time Warping, which is primarily used in 
speech recognition. It has been found that for load profile analy-
sis, simple signal features such as the number of rising edges or 
the aggregated energy consumption in a given time window is 
sufficient to describe the signal. In contrast to speech recognition, 
frequency domain analysis is not necessary. 

Keywords— microgrid operationn, load monitoring, smart load 
shedding, intelligent loads 

I. INTRODUCTION 
Shortage of electrical energy around the world is spreading 

like a forest fire due to the rapidly increasing energy demand. 
Whilst, energy services are considered as a vital force of eco-
nomic growth and modernization of developing countries, 
energy systems around the globe are promptly moving towards 
their critical operation and consistent availability of electric 
power has become dubious [Pal08], [Roe05]. In view of the 
fact that building of large generation plants involves high capi-
tal and extensive time, the microgrid concept moves into focus 
even in developed countries in order to increase security of 
supply [Jay06]. However, one of the most important applica-
tions of microgrids is the electrification of rural areas, where a 
connection to the public grid is too expensive or not feasible 
[Bly06]. 

A microgrid is a small power network of low-rated generat-
ing units operating as a single controllable system, whose 
mandate is to serve a set of electric loads on local level 
[Las02], [Hat07]. 

A microgrid can have a connection to an upper large grid 
(usually the public grid, shown in Figure 1). In this case, the 
microgrid is synchronized with the upper grid and can ex-
change energy with it. Only in case of an outage in the large 
grid, the microgrid may stay operational. However in case of 
remote areas the microgrid is always operated in an island 

mode. Here, the challenge is to maintain the balance of genera-
tion and demand only using local resources. This balance – 
being a crucial trait for safe operation – is traditionally main-
tained by exploiting the reserves on the generation side. How-
ever, approaches of on-line energy management including 
peak-load reduction can support to reduce the demand during 
the situation of energy imbalance [Zai08].  
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Figure 1.  Basic concept and typical elements of a microgrid. 

The remainder of the paper is organized as follows: Section 
II argues the need of self-configuring attribute in a microgrid 
by taking the problems in microgrid operation into considera-
tion. Section III presents the related work for load identifica-
tion whereas the proposed approach for using DTW algorithm 
for load identification is presented in section IV. Results and 
discussion are made in Section V. Finally, conclusions are 
drawn and outlooks of the proposed methodology are dis-
cussed. 

II. SELF-CONFIGURATION OF MICROGRIDS 
Microgrids find their applications on islands and in remote 

areas that are not covered by public power grids. In general, the 
challenge of operating a small microgrid lies in the fact that at 
all times the balance between generation and demand has to be 
maintained. If there is no connection to an external power in-
frastructure, as it is the case for microgrids in remote areas, 
then all balancing has to be done using local resources, which 
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can be adjustable diesel generators, photovoltaic panels, hydro 
generators, battery sets and others.   

In order to set up a new microgrid e.g. in a village, invest-
ments into a common infrastructure including power genera-
tors, controllers and distribution lines are needed. However, 
these investments are usually done once to set up the system, 
while further extensions are not easily financeable. The need 
for further extensions may arise either from maintenance of 
degraded components, but probably the main driver for exten-
sions of the microgrid infrastructure is the rise in electricity 
demand. A common situation for microgrids in developing 
countries therefore is that these are operated close to the limit 
of generation capacities. This situation is similar to that of large 
public power grids. In some developing countries load shed-
ding is performed [Np08] in public power grids, because the 
systems tend to be overloaded. 

A similar strategy can also be adopted for microgrids. In 
case of overloading unessential loads need to be disconnected 
from the grid. However, while load-shedding in large public 
power grids is basing on the brute-force-approach of discon-
necting parts of the grid completely, this paper proposes a 
smarter concept that is especially suited for microgrids. The 
central idea is to just disconnect those loads that are not essen-
tial and where a disconnection is not causing great harm. (e.g. 
irons or TV sets when considering household appliances in 
Pakistan). 

Since there are basically no restrictions for consumers in 
traditional power systems when to switch on or off their elec-
tric loads, modeling and forecasting of the demand side of the 
electric power grid is traditionally a wide-reaching discipline 
that has to take into account a number of different influences, 
such as social behavior, climate, special public events and the 
like. Smart systems for automated demand side management 
(DSM) can selectively switch off the loads in a way that no or 
only a previously defined and agreed upon decrease in custom-
er process value (e.g. thermal comfort in the case of air condi-
tioning systems). Levels of automation in demand side man-
agement can be defined as follows [Zai08a]: 

• Manual DSM involves a potentially labor-intensive 
approach such as manually switching off/on each load. 

• Semi-Automated DSM involves a pre-programmed 
load management strategy initiated by a person via 
centralized control system. 

• Fully-Automated DSM does not involve human in-
tervention, but is initiated through receipt of an exter-
nal communication signal, which initiates pre-
programmed load management strategies. 

For the application considered here, where real time control 
is required to assure microgrid stability, only automated ap-
proaches are feasible. Additional costs for the communication 
infrastructure should to be seen in comparison to the increased 
availability of electrical energy. However, a detailed cost-
benefit analysis can only be done on the basis of concrete case 
studies and is out of the scope of this technical paper.  

The set-up and configuration of a system that automatically 
disconnects only unessential loads from the microgrid infra-

structure in case of an overload condition is relatively complex. 
Assuming that the microgrid operation is managed by a micro-
grid central controller (MGCC), which balances generation and 
demand, this controller has usually direct access to the genera-
tors in order to control their output power according to the load 
situation. It however has not direct access to every single load 
(see Figure 2).  

 It is therefore proposed to add a new type of component to 
the microgrid: a combined power meter and switch, which can 
be read and operated remotely. The communication between 
the controller and this local load manager can e.g. be realized 
by wireless hop-to-hop communication, but other solutions 
such as power line communication are also possible. 

 

Figure 2.  Architecture of the proposed self-configuring microgrid. 

Ideally, this power management device is installed between 
every appliance and the microgrid infrastructure. Using these 
local manager devices, the central controller is able to identify 
the type of load that is connected and in case of an overload 
situation it can decide on the basis of this information whether 
this load should be shedded or not. In order to make the micro-
grid set-up as simple as possible, the detection of load type at 
the local load managers should be done automatically rather 
that hand-programmed. This automatic detection of resources 
in the microgrid is referred to as “self-configuration”. 

It can be expected, though, that the local load managers will 
annoy the microgrid users by disconnecting their appliances 
from the grid. This may result in a number of load managers be 
bridged or even removed. However, if too many local load 
managers are removed, the microgrid will frequently collapse 
due to non-resolvable overload situations (if no individual 
loads can be disconnected, the whole grid has to be switched 
off). This black-out problem is hoped to stimulate a learning 
process for the microgrid users, so that eventually a certain 
percentage of loads is still accessible through load managers. 

One of the main tasks of the local load manager is to find 
out what kind of load is connected to it. This paper deals with 
the task to identify the load type from measured consumption 
data, so that the loads can be arranged in a precedence scheme 
and shedding is performed using non-essential loads first. 
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III. RELATED WORK 
Recognition of loads can be performed by investigating 

their power consumption profiles such as peak power con-
sumption, daily operation timings and the manner, how they 
operate (like duty cycle is case of a thematically control devic-
es). This paper proposes a novel approach of load identification 
by exploiting dynamic time warping (DTW) algorithm, which 
was primarily design for speech recognition [Sak78], [Rab82]. 

Researchers are working on various techniques but most of 
them are focused on load classification to identify residential, 
commercial or industrial loads by taking meter readings and 
calculating overall energy consumption that is usually used for 
load forecasting and tariff calculation [Tse07], [Ger03]. 

Some research is being carried out in the field of non-
intrusive load identification (i.e. no dedicated sensors to indi-
vidual loads) through steady state power signature monitoring 
by clustering approaches. George Hart introduced one of the 
earliest approaches [Har92] in this field, in which individual 
loads and their schedule are monitored by identifying changes 
in aggregated power monitored at service entry point. The 
changes within the aggregated load occurred as the load 
switched from one constant state to another (i.e. either from on 
to off or vice versa).  In the method, the aggregated load is 
plotted against time where the changes of the value above a 
specified threshold (i.e. 15 W in that case) is called an edge 
(i.e. change from one constant state to another). The value of a 
detected edge corresponds to the difference between the con-
stant states (i.e. on, off) of a particular load. Although the 
steady state approach provides a basis for early commercial 
utilization of nonintrusive methods yet there are limitations 
Firstly, the steady state approach assumes a unique power sig-
nature of every load, which makes it hard to differentiate the 
loads with similar profiles. Secondly, there is a trade-off be-
tween threshold value used for the edge detection and low-
power appliances (i.e. the higher the value of threshold, the 
better the recognition accuracy), which limits the ability to 
detect low-power appliances.  

The steady state approach was further extended in [Col98], 
where the edges (i.e. positive and negative edges) which are 
summed to the value zero (i.e. a loop) are monitored over a 
number of times for load recognition. In the method proposed 
by Steven [Dre99], five steps (i.e. edge detection, cluster analy-
sis, cluster matching, anomaly resolution and appliances identi-
fication) can be used for load monitoring. In his proposal the 
first step (i.e. edge detection) is performed through hardware, 
while the second, third and fourth step (i.e. cluster analysis, 
cluster matching, anomaly resolution) can be performed 
through cluster techniques. Lastly pattern recognition methods 
can be used for matching the clusters with the library of steady 
state signatures for fifth step. The above mentioned methods 
used electric power as a unique feature.  

Other approaches are focused on harmonic contents of 
steady state loads by utilizing wavelet transform or fast Fourier 
transform for extracting time varying features a neural network 
is trained over the features contents which are extracted from 
the Fourier transformation of the load signal [Cha08].  

Due to the limitations in the steady state approach, transient 
signature of the loads is also worked on and found to be more 
advantageous as compared to the steady state signature. Tran-
sient signatures vary due to the nature of the physical task that 
the load performs [Lee93], [Nor92]. For instance pump-
operated, motor driven, electronically fed and fluorescent loads 
have respectively long switched-on transients, less substantial 
switched-on transients, short but high amplitude switched-on 
transients and long two-step switching-on transients [sul91]. 
The significance of transient based load recognition is due to 
several advantages over steady state: Firstly the appliances 
with identical power signature are distinguishable due to their 
diverse transient behavior. Secondly, low powered appliances 
that are ignored in steady state approach due to threshold con-
straint can be recognized. However this approach requires a 
high sampling rate which leads to huge amounts of data and 
expensive measurement equipment.  

The transient based load identification methods are based 
on the time-varying feature patterns; the issue with the time-
varying transient patterns is the non-uniform time alignment 
between pre-stored template patterns and the test loads, which 
may leads to poor identification accuracy in the load identifica-
tion methods like artificial neural network. This time alignment 
problem can be handled using dynamic time warping (DTW) 
algorithm, mainly utilized in speech recognition applications 
[Sak78], [Rab81]. 

IV. DYNAMIC TIME WARPING ALGORITHM APPLED TO LOAD 
IDENTIFICATION 

In order to perform automatic load detection for self-
configuring microgrids, it is proposed to apply the technique of 
Dynamic Time Warping to the problem. Basic behavior pat-
terns of electric loads in microgrids can be pre-defined for a set 
of possible appliances (air conditioning, refrigerator, iron, TV 
set etc). The actual measurement can be matched to this set of 
templates in order to find out what kind of load is connected. 
For the matching between measured data and the template set, 
Dynamic Time Warping is applied. 

A. Dynamic Time Warping (DTW) 
Generally, DTW is a dynamic programming algorithm used 

for template matching or pattern matching of two time series 
(the sample, which is to be identified, and the template, which 
serves as reference, one for each load type to be detected). The 
basic idea of the algorithm is that the timing difference be-
tween the compared patterns eliminated by warping the time 
axis of the sample in the way that maximum coincidence with 
the pre-stored template is achieved. The goal of the algorithm 
is to find the warping path between the two patterns and the 
distance between them. For instance there are two vectors of 
measured power data (a1, a2,…, an) and (b1, b2,…,bm) which can 
be of different length. The algorithm starts with the calculation 
of the local distance between the elements of both vectors. Dis-
tance calculation can be performed using different metrics (like 
Euclidean, Manhattan etc.) but for the sake of this work Eucli-
dean distance (i.e. absolute distance between the values of two 
elements) is used. The result of this operation is a matrix of 
size n x m:  
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dij= |ai–bi|, i=1, 2, ..., n   ,     j=1, 2, …, m 

The dynamic programming algorithm is applied over the local 
distance matrix for the computation of minimal distance matrix 
using the following optimization policy:   

aij= dij+min{(ai-1,j-1,ai-1,j, ai,j-1)} 

where, aij is the minimal distance between the load vector (a1, 
a2,…, an) and (b1, b2,…,bm).The warping path or the optimal 
path is the minimal distance path from the start element of to 
the end element of the matrix . The last step of the algorithm is 
the decision rule that decide which reference template or tem-
plates are closely matched with the known templates. Among 
several decision rules, the nearest neighbor (NN) rule is applied 
in this work as followed:  

For instance, R represents the reference load feature vectors 
Li=1, 2, …, R and the average distance score for each vector 
from the DTW algorithm is Di.  Then the NN rule is define as: 

arg min[Di] 

This means the template Li with smallest distance is chosen as 
a recognized load.  

B. Load Recognition 
Load recognition is performed in two steps. In the first step 

load data is preprocessed for the extraction of the feature vec-
tors which are then used as a reference template for DTW algo-
rithm in the second step. There may be different attributes that 
could be considered. In the beginning of this work, energy con-
sumption (EC), rising edge count (REC) and discrete Fourier 
transform (DFT) were investigated as diagnostic features cal-
culated over a window of length Δt. For better accuracy of the 
recognition process windows with overlapping time intervals 
are used. 

DTW in speech recognition is usually used together with 
DFT. However, in load recognition, the signals have consider-
ably less variations. It was found that the application of DFT 
does only make sense for large window sizes. This is because 
when using short windows, these windows essentially just in-
clude a rising, a falling or oven no edge at all. Although the 
Fourier transform of these signals are well-defined and can 
easily be distinguished, the task of detecting the cases ris-
ing/falling/no edge can be implemented with considerably less 
effort using edge count algorithms. But even when using larger 
windows, distinguishable peaks in the DFT spectrum do only 
appear if the time signal has a clear oscillatory behavior. 
Again, the frequency of such an oscillation (e.g. the on-off-
cycle of a refrigerator or an air conditioner) is easier detectable 
using the edge-count technique. Since the measurement system 
can be assumed to be connected to only a single load, DFT has 
no advantage for this application. Therefore, only EC and REC 
techniques are considered here. 

C.  Experimental setup 
Power consumption data of different household appliances 

have been collected over several days with a sampling rate of 
10 s. This was done for: 
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Figure 3.  Examples for measured load profiles. 

Two examples of the collected power profiles are shown in 
Figure 3. Although the selected appliances do not reflect a typ-
ical equipment of households of a remote area of a developing 
country, for prototype system development, the actual ap-
pliance type does not matter. The proposed approach is tested 
for several appliances with the outcome of satisfactory results. 
All the tested appliances are successfully identified. 

V. RESULTS AND DISCUSSION 
The DTW algorithm is applied to the EC and REC feature 

vectors, which are extracted from collected power consumption 
data over one day (24 h). The feature vectors have a length of 
286 elements (window size is 10 min with 50% overlap). The 
feature vector of the sample is compared with feature vectors 
of all the templates using the DTW algorithm. The comparison 
results are shown in Table 1.  

The results show that DTW is a well-suited approach for 
the recognition of time-varying feature patterns. It does not 
require extensive computation and gives clear and correct re-
sults for all tested samples. Moreover, energy consumption and 
rising edge counts metrics have proven to be useful features.  

 

0 5 10 15 2 25 
0 

2

4

6

8

100 
Computer  

Time [Hours] 

Po
we

r [
W

] 

 

0 5 10 15 20 25 0 

5

100 

150 

200 
Fridge 

Time [Hours] 

Po
we

r [
W

] 

 

IEEE AFRICON 2009 23 - 25 September 2009, Nairobi, Kenya

978-1-4244-3919-5/09/$25.00 ©2009 IEEE 4



TABLE I.  COMPAISON OF THE FEATURES “ENERGY CONSUMPTION” 
AND “RISING EDGE COUNT”  

Template: Fridge 

Sample Energy 
Consumption 

Rising Edge 
Count 

Fridge 1 3.26e+07 300 
Fridge 2 7.83 e+07 444 
Fridge 3 5.08 e+07 426 
Coffee Machine  3.71e+09 1200 
Microwave  3.34e+09 2551 
Dishwasher  1.01e+11 2117 
Computer  1.19e+09 1633 
Printer  1.32e+09 2593 

 

Figure 4 shows a detail result of comparing different sam-
ples (fridge, coffee machine, dishwasher, and printer) to a sin-
gle template (fridge). The bars show the differences of edge 
counts for the optimal DTW path. Although the template and 
sample for fridge differ in this experiment, the algorithm is able 
to clearly determine that the sample data belong to a fridge. 
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Figure 4.  Examples for DTW results. 

VI. CONCLUSION 
Although considerable related work has been done in the 

field of automatic load detection, every new application is set-
ting up different requirements, so that previous approaches can 
not fully be applied. This is also the case for the concept of 
automated demand side management in a self-configuring mi-
crogrid, where every interruptible load has its own power 
measurement device and therefore can individually be ana-
lysed. Since this work is conducted in the context of electrifica-
tion of rural areas in developing countries, there is only a re-
stricted number of possible loads that get connected to the mi-
crogrid. Therefore, a template-matching approach is suited best 
here to determine the type of load automatically. The problem 
of comparing differently timed power profiles can be tackled 
by using the Dynamic Time Warping algorithm, which is suc-
cessfully used for template matching in speech recogni-
tion[Sak78], [Rab81]. It has been found that in case of load 
profile analysis, simple signal features such as the number of 
rising edges or the aggregated energy consumption in a given 
time window is sufficient to describe the signal. In contrast to 
speech recognition, frequency domain analysis is not neces-
sary. However, the robustness of the approach proposed here 

has to be verified in future work by applying it to a wider range 
of sample and template data.  
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