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Abstract—Electricity theft causes significant harm to social and 
economic development. In the past few years, it has attracted 
much attention that electricity theft detection based on electricity 
consumption data can help to solve this problem. A major 
challenge is that there are no explicit features in electricity 
consumption records. However, the existing machine learning-
based detection methods mainly suffer from the following two 
disadvantages. (1) Handcrafted features and shallow-architecture 
classifiers have poor detection accuracy. (2) Most methods 
consider electricity consumption as static and cannot capture both 
the internal time-series natures and external influence factors 
well. To overcome the above shortcomings, we propose a novel 
method called Electricity Theft Detection using Deep Bidirectional 
Recurrent Neural Network (ETD-DBRNN), which can capture the 
internal characteristics and the external correlation by learning 
the electricity consumption records and influence factors 
representation. Experiments on real-world datasets validate the 
effectiveness of our method. 

 
Keywords—Electricity Theft Detection, AMI Data, Smart Grid, 
Deep Learning, Recurrent Neural Network 

I. INTRODUCTION 

The losses of power companies mainly come from two 
aspects [1], namely technical loss (TL) and non-technical loss 
(NTL). TL is naturally caused by internal electrical resistance 
or the affected components [2]; NTL is deliberately caused by 
the theft of electricity from malicious behavior. This 
misbehavior may bring about the revenue loss of power 
companies. For example, the loss from electricity theft cost the 
United States, United Kingdom, and Canada $6 billion, $173 
million, and $100 million annually. Therefore, electricity theft 
detection (ETD) is critical to prevent economic losses and 
security risks. However, conventional electricity-theft 
detection mainly relies on humanly checking or professional 
metering equipment, which is extremely time-consuming, 
expensive and inefficient. 

In recent years, the advanced metering infrastructure (AMI) 
in smart grids has been widely deployed and it has greatly 
increased the sampling frequency of power consumption 
measurement data, thereby increasing the potential to detect 
power theft based on data-driven methods. However, traditional 
electricity theft detection methods suffer from the following 
two disadvantages.  

First, existing efforts mainly considered electricity 
consumption as static and do not exploit the time-series nature 
and influence factors of the energy consumption data well. 
However, in the real world, electricity consumption behavior is 
often dynamic, which changes over time. The same electricity 
consumption appearing at different times may have a range of 
different impacts. For instance, low electricity consumption in 
summer or winter is more suspect than in spring because of 
higher electricity costs for refrigeration or heating equipment. 
In addition to the nature of time, electricity consumption is also 
closely related to the type of consumers. For example, the 
consumption of industrial customers often peaks during the 
weekdays, whereas residential customers consume most 
electricity on the weekends. 

Second, the majority of existing works focus on the 
application of shallow machine learning techniques. The major 
challenge is that there are no explicit features in electricity 
consumption records. These shallow techniques including 
support vector machine (SVM) and other shallow neural 
networks based on handcrafted features (E.g. mean, standard 
deviation, maximum, minimum of consumption data), which 
have poor detection accuracy. On the other hand, deep learning-
based neural networks are designed specifically to deal with 
huge amounts of data, and hence, capture the internal 
correlation and high-level features leading to improved 
detection performance. 

As a deep learning architecture that learns sequence 
effectively, recurrent neural network (RNN) has a good 
performance when dealing with electricity consumption 
records with temporal properties. Bidirectional recurrent neural 
network (Bi-RNN) iterates in opposite directions respectively, 
which uses the forwards and backward information to enhance 
the overall learning effect of the sequence. Deep recurrent 
neural network (DRNN) is a neural network composed of 
multiple layers stacking on the basis of a single layer of RNN. 
Through increasing the number of RNN layers, the network can 
learn more abstract underlying features and strengthen the 
learning effect. 

Therefore, we explore the use of recurrent neural networks 
for the detection task. We combine the advantages of DRNN 
and Bi-RNN, and propose a novel method called Electricity 
Theft Detection using Deep Bidirectional Recurrent Neural 
Network (ETD-DBRNN) for the electricity consumption theft 
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detection task, which can automatically capture the internal 
characteristics and external correlation of the time-series data. 
In summary, our contributions come with as follows:  

• We present a novel electricity theft detection method 
named ETD-DBRNN, which captures the deep 
information of the electricity consumption records by 
leaning the electricity consumption representation 
through a delicately designed recurrent neural network. 

• We consider that the influence factors, including the type 
of consumers and dates, may impact on the detection and 
incorporate them into the records representation to 
improve the performance. 

• We have conducted experiments on massive real-world 
electricity consumption dataset. Experimental results 
show that our ETD-DBRNN model outperforms other 
traditional approaches. 

II. RELATED WORK 

Electricity theft detection can be treated as a special case of 
anomaly detection or fraud detection. As a special time series, 
electricity consumption records have attracted much attention 
in the past few years. The daily electricity consumption patterns 
of users can be analyzed by using feature-based machine 
learning algorithms to establish classification models, such as 
linear regression (LR), artificial neural networks (ANN) [3], 
support vector machine (SVM) and so on. Many studies [4-7] 
classify the normal users and the electricity thieves based on 
SVM. In addition to SVM, a very recent study [8] utilized 
XGBoost, LightGBM, and CatBoost learning algorithms to 
detect NTL. However, these shallow machine learning methods 
cannot deal with high-dimensional data and extract deep 
features, and the low detection ratio is still not satisfactory 
enough for practice. 

Recently, deep learning approaches have achieved huge 
success like image classification [9], speech recognition [10] 
and so on.  Due to the ability to deal with complex information 
and automate feature extraction, which is work with smart 
meter data originating from the smart grids. A combination of 
grid features and external features based on neural network 
structures was proposed in [11], where the model was used for 
short-term load forecasting. A wide and deep CNN structure 

was proposed in [12] to detect electricity theft in smart grid 
environments. Ref. [13] presents a deep architecture that 
exploits the temporal correlation based on RNN-based structure, 
which obtained a noticeable improvement performance than 
other shallow methods. 

However, most existing related works in electricity 
consumption theft detection do not consider the internal and 
external features at the same time. Motivated by the ability to 
handle temporal and sequential information of RNN, we 
present a delicately designed RNN model called ETD-DBRNN 
combined with the advantages of deep layer and bidirectional 
layer, which can capture the electricity consumption records 
features in the high-level. Meanwhile, we utilize external 
information to strengthen the learned features and improve 
performance. 

III. DATA ANALYSIS AND PRE-PROCESSING 

In this part, we will analyze the electricity consumption data 
used in experiments, which provide the motivation of our 
model. And then, we explain the data pre-processing process 
according to the nature and characteristics of power data to 
make it suitable for the deep learning-based method. 

A. Data Analysis 
We conduct a preliminary analysis of real-world 

measurement data [14] released by Electric Ireland and 
Sustainable Energy Authority of Ireland (SEAI). This dataset 
contains half-hourly electricity consumption records (intervals 
of 30 minutes) of over 5000 Irish homes and businesses for a 
533-days period from 2009 to 2010.  

Figure 1(a) shows the electricity consumption of an area over 
a period of a year. We observe that the daily usage is changed 
over time, and it peaks in summer and winter because of the 
seasonality in time series. Therefore, the low electricity usage 
in winter or summer is more suspicious than the low electricity 
usage in spring or autumn.  

Figure 1(b) and Figure 1(c) show the daily load profiles of 
two types of consumers including residential and industrial 
during holidays, weekdays or weekends. We observe that 
electricity consumption is periodic, and this periodicity is 
closely related to the type of consumers. In particular, for a 

 
(a) Electricity usage of an area over a year              (b) Daily electricity usage profiles during holidays        (c) Daily electricity usage profiles in weekdays or 

weekends  
Figure 1.  (a) shows the electricity consumption of an area over a year. (b) shows the daily electricity consumption during holidays, the top and bottom are 
residential and industrial consumers respectively. (c) shows the daily electricity consumption in weekdays or weekends,  the top and bottom are residential 

and industrial consumers respectively. 
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residential consumer, the daily load profiles are usually rich and 
varied due to the randomness of residential user behavior and 
power consumption is less affected by holidays. It peaks at 
almost the similar time in most days, which slightly changes 
during holidays. For an industrial consumer, the daily load 
profiles are usually single and stable because of the production 
activities, but the power consumption is greatly affected by 
holidays, that there is almost no consumption in holidays. 
Therefore, the low usage in holidays for residential or on 
weekdays for industrial is more suspicious. 

In summary, the energy consumption records have internal 
time natures and correlate with external information such as the 
type of consumers and holidays. This motivates us to employ 
an RNN-based model for the proposed electricity theft detector 
since it can better deal with the time series nature of the energy 
data and capture the temporal correlation within the data. 
Meanwhile, we also observed that the daily consumption 
pattern is affected by calendar and type, which may strengthen 
the learning effect of our proposed model. 

B. Data Pre-processing 
The quality of data can be affected by various sensors, such 

as sensor power scale, noise level and so on. Therefore, it is 
necessary to apply appropriate pre-processing techniques to 
achieve a generalized performance. 

Given a record data ࢞ = ,ଵݔ] ,ଶݔ … ,  ௧ isݔ ,ܶ with length [்ݔ
defined as the energy consumption for an honest or malicious 
consumption record at time interval ݐ. The basic steps of data 
pre-processing include missing value imputation, data 
smoothing, data normalization. 

1)  Missing Value Imputation 

For a single missing data in a record, can be recovered by 
linear interpolation as follows: 

 ݂ሺݔ௧ሻ = ௧ିଵݔ + ௧ାଵ2ݔ   (1) 

where ݔ௧ stands for the electricity usage of the time ݐ. 
2)  Data Smoothing 
In order to reduce the impact of noise points, a moving 

average is used to smooth the sequence. The K-term moving 
average of the sequence data at time ݐ is: 

 ݂ሺݔ௧ሻ = ௧ା௞௄ݔ෍ܭ1
௞ୀ଴   (2) 

3)  Data Normalization 
Finally, data need to be normalized because the neural 

network is sensitive to the diverse data. One of the common 
methods for this scope is min-max normalization, which is 
computed as: 

 ݂ሺ࢞ሻ = ࢞ − ௠௔௫ݔ௠௜௡ݔ −  ௠௜௡  (3)ݔ

Where ݔ௠௜௡  and ݔ௠௔௫  represent the min and max values over a 
record ࢞, respectively. 

IV. THE PROPOSED ETD-DBRNN 

Suppose there are ௫ܰ historical electricity consumption 
records and each record has ܶ intervals, we construct the 
electricity consumption records matrix ࢄ ∈ ܴேೣ×் and the 
electricity theft matrix ࢅ ∈ ܴேೣ . Meanwhile, suppose there are ௢ܰ  external conditions as influence factors ࡻ = ,ଵ࢕] … ,  .[ே೚࢕
The problem of electricity theft detection is considered a 
discrete two-class classification task, which should assign each 
electricity consumption record ࢏ࢄ = ,௜ଵݔ] ,௜ଶݔ … ,  ௜்] into oneݔ
of the predefined classes (abnormal or normal) as follows: ݕ௜ = ൜1, ,0;݈ܽ݉ݎ݋ܾ݊ܽ	ݏ݅	݀ݎ݋ܿ݁ݎ	݂݅ ݁ݏ݅ݓݎℎ݁ݐ݋                  (4) 

In the following paper, we use electricity consumption 
records, external information sequence including days and 
types as time series ࢄ ஽࢕  ,  and ்࢕  respectively, and detect 
whether the electricity consumer records ࢄ  have abnormal 
behaviors in the past time.  

A. Framework Overview 
The overall framework of ETD-DBRNN is illustrated in 

Figure 2, which is comprised of three key components: the 
input layer, representation layer, and output layer.  

As we can see in Figure 2, to capture both internal and 
external information from the input layer, the electricity 
consumption series is fed into Records Representation using 
the recurrent neural network to learn the high-level 
representation. Meanwhile, external information including 
information of days and types is fed into Factors 
Representation using embedding and MLP to learn the 
representation of factors. Then we combine them by 
concatenate them to be the input of the final output layer. In the 
end, the prediction ݕො௜  for the given input is the output from 
upper-level MLP. 

The overall formula in the model is as follows: ݕො௜ = ݂൫ࢄ௜, ,ࡰ௝࢕ ,ห۲ࢀ௞࢕ ,܃,܅,܂  ൯                       (5)܊

Where	ࢄ௜ -denote the input vectors of the i-th record, j ࢀ௞࢕ ,ࡰ௝࢕ ,
th day, k-th type respectively and ۲,	܊ ,܃ ,܅ ,܂ denote the 
parameters of the model. 

B. Input Layer 
Consider a daily consumption record	࢏ࢄ = ,௜ଵݔ] ,௜ଶݔ … ,   [௜்ݔ

with length ܶ as the left input of the model, where the element  ݔ௜௧  is a record point, representing the sampling data of record ݅ 
at time ݐ. Then the input time series are reconstructed by a deep 
model based on a recurrent neural network. 

Simultaneously, the right input layer accepts the j-th days 
and k-th types with one-hot encoding ࢕௝ࡰ ∈ ܴே೏ and ࢕௞ࢀ ∈ ܴே೟, 
where ௗܰ and ௧ܰ are the number of days and types of users. It 
is reasonable because there will be a stronger similarity and 
temporal dependency among the same type of users or days in 
the latent space. 

C. Representation Layer 

1)  Electricity Consumption Records Representation 
We use GRU-based RNN to learn the sequential information 

of the electricity consumption records.  
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The gated recurrent unit (GRU) is a gating mechanism in a 
recurrent neural network to track the state of records without 
using separate memory cells. A GRU has two gates, reset 
gate ௧ݎ and update gate ௧ݖ , which together control how 
information is updated to the state. The GRU-based RNN 
function ܷܴܩ is computed as follows: 

At the time	ݐ, the GRU computes the new state as: 
                     ℎ௧ = ሺ1 − ௧ሻݖ ⊙ ℎ௧ିଵ + ௧ݖ ⊙ ℎ෨௧                 (6) 

Where ℎ௧ is updated by linear interpolation from the previous 
state ℎ௧ିଵ and candidate state ℎ෨௧. Formally, the update gate ݖ௧ 
is calculated as: ݖ௧ = ௧ݔ௭܅ሺߪ + ௭ℎ௧ିଵ܃ +  ௭ሻ                           (7)܊
Where ݔ௧  denotes the record vector at time ݐ. The candidate 
state ℎ෨௧  is updated according to the current input ݔ௧  and the 
previous hidden state ℎ௧ିଵ by a transition function: ℎ෨௧ = tanሺ܅௛ ௧ݔ + ௧ݎ ⊙ ሺ܃௛ℎ௧ିଵሻ +  ௛ሻ           (8)܊
Where the reset gate tr is calculated as: ݎ௧ = ௧ݔ௥܅ሺߪ + ௥ℎ௧ିଵ܃ +  ௥ሻ                     (9)܊

As shown in Figure 2, a deep bidirectional RNN (DBRNN) 
is constructed by stacking multiple layers. We stack multiple 
GRU hidden layers with forward and backward hidden layers, 
a deep bidirectional RNN based GRU is obtained.  

At the first layer, the bidirectional GRU-based RNN contains 
the forward layer ܷܴܩሬሬሬሬሬሬሬሬሬԦ which reads the record ࢄ௜  from ࢞௜ଵ to ࢞௜்and a backward layer ܷܴܩശሬሬሬሬሬሬሬሬሬ which reads the record ࢄ௜  from ࢞௜்  to ࢞௜ଵ. The forward hidden state ℎሬԦ௜௧ and backward hidden 

state ℎരሬ௜௧ are calculated as:  ℎሬԦ௜௧ଵ = ሬሬሬሬሬሬሬሬሬԦሺ࢞௜௧ሻ                                   (10) ℎശሬ௜௧ଵܷܴܩ =  ശሬሬሬሬሬሬሬሬሬሺ࢞௜௧ሻ                                (11)ܷܴܩ

Then we get the candidate state ℎ௜௧ଵ = [ℎሬԦ௜௧ଵ , ℎശሬ௜௧ଵ ]  by 
concatenating them, which records the information of the whole 
electricity consumption sequence around ݔ௜௧ . 

Finally, we get the output of the l-layer, the electricity 
consumption record embedding ࡱ௜ଵ = [ℎ௜ଵ௟ , … , ℎ௜்௟ ]  for ࢄ௜ , 
which will be fed into the output layer. 

2)  Influence Factors Representation 
To enrich the representation of electricity consumption, 

Factors Representation receives the one-hot vector of days and 
users’ type and output the embedding vectors.  

As Figure 2 shows, the embedding matrix ۲௘  and ܂௘  map 
the sparse representations to dense vectors: ܝ = ۲௘࢕௝ܞ (12)                                    ࡰ =  (13)                                    ࢀ௞࢕௘܂
Where ܝ and ܞ are the embedding vectors of day  ݆ and type ݇. 
we concatenate them to be the input of a fully connected neural 
network, i.e. MLP (Multi-Layer Perceptron), the MLP with ݏ 
layers as computed as follow:   ࢇ௢ = ቂܞܝቃࢇଵ = ܽሺ܅ଵࢇ௢ + ௦ࢇ⋯ଵሻ܊ = ܽሺ܅௦ࢇ௦ିଵ +  ௦ሻ                          (14)܊

Where ܽ denotes the activation function for ݏ layers, ࢇ௦ is the 
out vector of factors representation layer for the record	ࢄ௜ . Let ࡱ௜ଶ =  .௜ଵ from the records representation layerࡱ ௦, which will be fed into the output layer together withࢇ

D. Output layer 
In our proposed method, we design a deep bidirectional RNN 

to learn the electricity consumption records. As Fig.2 shows, 
the input of the deep neural network is electricity consumption 
sequence ࢄ௜ , which is encoded to an embedding ࡱ௜ଵ at layer	݈. 
The input of the factor embedding network is one-hot vectors 
of influence factors on ࢄ௜ , which is embedded to an embedding ࡱ௜ଶ . After getting the embedding vectors ࡱ௜ଵ  and ࡱ௜ଶ , we 
concatenate them ࡱ௜ = ,௜ଵࡱ]  ௜ଶ] to be a new input of the MLPࡱ
unit with a non-linear activation layer, the anomalous 
probability ݕො௜ is computed as follows: 

 
Figure 2.  Electricity theft detection using deep bidirectional recurrent neural network framework 
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ො௜ݕ = ௢܅ሺߪ ∙ ௜ࡱ +  ௢ሻ                            (15)܊
Where ܅௢ and ܊௢ are the weight matrix of the output layer, ߪ 
is the softmax activation function. 

After that, we use the negative log-likelihood of the correct 
labels as training loss: 

ܮ  = −෍[ݕ௜ log ො௜ݕ + ሺ1 − ௜ሻݕ logሺ1 − ො௜ሻ]௜ݕ   (16) 

The model can be trained by minimizing the loss ܮ between 
the predicted value ݕො௜ and the truth ݕ௜ . 

V. EXPERIMENTS 

A. Datasets 
The real-world energy consumption data [14] from the Irish 

Smart Energy Trials are used to evaluate the performance of the 
proposed detector. This dataset contains three types of users, 
industrial, SME and other. Each type of user contains 535-day 
consumption records from July 2009 to December 2010. For a 
record in the datasets, which was sampled at 48 times a day. We 
random select records from three types of users for 365 days as 
our experimental datasets. The description of the datasets used 
is shown in Table 1. 

Unfortunately, there are no labeled theft samples in the 
datasets. Studies on the data are based on the assumption that 
all users should belong to honest users because all users agreed 
to use their records for research purposes. In the real electricity 
consumption scene, the number of users stealing electricity is 
far less than normal users. Based on the fact, ref. [7] filtered 
most of the data as honest samples by the clustering algorithm, 
and generated six types of abnormal samples according to the 
daily consumption pattern.  

In this paper, we follow this way to filter honest data and 
generate abnormal samples. After completing the necessary 
data preprocessing, 20% were randomly selected and modified 
to six types of abnormal samples.  

TABLE 1. THE DATASETS 

# of days Nd 365 
# of types Nt 3 
# of total records samples Nx 101200 
# of daily sampling points T 48 
# of residential samples 68355 
# of SME samples 25410 
# of other samples 7475 

B. Baselines and Metrics 
The key problem in ETD is how to learn electricity 

consumption records. In this paper, we use feature-based 
methods and deep learning-based methods as our baseline. 

We use the following baselines: 
• Machine learning-based methods: XGBoost, SVM.  
• Deep learning-based methods: LSTM, GRU, Bi-LSTM, 

Bi-GRU. Where LSTM and GRU are two types of RNN 
cells.  

Our ETD-DBRNN model with GRU-based cells noted as 
DBRNN-GRU. The DBRNN-GRU+ means it uses external 

information including type and calendar to strengthen the effect 
of learning.  

Given the prediction and its ground truth, a confusion matrix 
presented in Figure 3. 

 
Figure 3.  Confusion matrix 

For binary classification, we compute the classic measure 
metrics of the model from the confusion matrix as follows: 

ܥܥܣ  = ܶܲ + ܶܰܶܲ + ܶܰ + ܲܨ +  (17)  ܰܨ

 ܲ = ܶܲܶܲ +  (18) ܲܨ

 ܴ = ܶܲܶܲ +  (19)  ܰܨ

ଵܨ  = 2ܴܲܲ + ܴ (20) 

Where TP, TN, FP and FN are true positive, true negative, false 
positive and false negative in confusion matrix, respectively. 

C. Experimental Setup 
We conduct our experiments on a server with NVIDIA 

GeForce GTX 1080*2, and implement ETD-DBRNN based on 
Keras. We set the time step of each RNN layer to 48, the size 
of the hidden state of each RNN cell to 128 and the layers of 
deep RNN to 4. In the training, the batch size is 256, and the 
learning rate is 0.001. We use Adam to optimize our model.   

D. Performance Comparison 
The results of electricity theft detection are shown in Table 

2. Note that the training data for all models use the raw records 
except the DBRNN-GRU+.  

We can observe that in most cases, RNN-based methods 
achieve the best result. This indicates that the neural networks 
could capture the internal characteristics of anomalous samples 
and normal samples. Meanwhile, the sequential information of 
an electricity consumption pattern is critical to anomalous 
consumption detection. Compared to the neural network in one 
direction, the Bi-RNN based methods consider the positive and 
negative sequence effects in both directions and have a slight 
improvement.  

The performance of the DBRNN and DBRNN+ are 
significantly better than other methods, which also shows that 
the deep structure can more effectively extract intent features. 
And we also can see that the external information is efficient to 
help to learn electricity consumption records embedding, which 
has greatly improved the recall rate index to 0.9974. This 
illustrates that the model is able to detect more electricity 
consumption theft records. 
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TABLE 2. PERFORMANCE COMPARISON WITH OTHER CONVENTIONAL 
SCHEMES 

Methods Acc P R F1 
SVM  0.8700 0.7459 0.3398 0.4669 
XGBoost 0.9027 0.8697 0.4915 0.6281 
RNN-LSTM 0.9379 0.8782 0.7296 0.7970 
RNN-GRU 0.9401 0.9065 0.7158 0.7999 
Bi-RNN-LSTM 0.9394 0.9161 0.7016 0.7946 
Bi-RNN-GRU 0.9442 0.9150 0.7345 0.8149 
DBRNN-GRU 0.9699 0.9586 0.8556 0.9042 
DBRNN-GRU+ 0.9744 0.9570 0.9974 0.9209 

VI. CONCLUSIONS 

In this paper, we proposed Electricity Theft Detection using 
Deep Bidirectional Recurrent Neural Network (ETD-DBRNN). 
ETD-DBRNN learns the electricity consumption 
representation through a delicately designed recurrent neural 
network. Compared with traditional methods, ETD-DBRNN 
can capture the sequential information of the electricity 
consumption records and the internal characteristics between 
the normal and anomalous electricity consumption patterns. We 
also found that additional information can help improve the 
performance of detection. 

The proposed model is one of the most typical examples 
which combines advanced deep learning techniques with 
traditional electric power. In the future, we will attempt to solve 
other electricity data mining tasks and make use of additional 
information to improve detection performance. 

ACKNOWLEDGMENT 

This paper is funded by the State Grid Jibei Power Co. Ltd. 
Science and Technology Project “Research on Data Fusion and 
Visualization Key Technologies Based on Full-service Unified 
Data Center” (52018E18006N). 

REFERENCES 
[1] S. S. S. R. Depuru, L. Wang, and V. Devabhaktuni. Electricity theft: 

overview, issues, prevention and a smart meter based approach to control 
theft[J]. Energy Policy, 2011, 39(2): 1007-1015. 

[2] J. P. Navani, N. K. Sharma, and S. Sapra. Technical and nontechnical 
losses in power system and its economic consequence in Indian 
economy[J]. International Journal of Electronics and Computer Science 
Engineering, 2012, 1(2): 757-761. 

[3] DEPURU S S S R, WANG L, DEVABHAKTUNI V, et al. A hybrid 
neural network model and encoding technique for enhanced 
classification of energy consumption data[C]// 2011 IEEE Power and 
Energy Society General Meeting, July 24-29. 

[4] J. Nagi, K. S. Yap, S. K. Tiong, et al. Nontechnical loss detection for 
metered customers in power utility using support vector machines[J]. 
IEEE transactions on Power Delivery, 2009, 25(2): 1162-1171.  

[5] S. S. S. R. Depuru, L. Wang, and V. Devabhaktuni. Support vector 
machine based data classification for detection of electricity theft[C] 
//2011 IEEE/PES Power Systems Conference and Exposition. IEEE, 
2011: 1-8. 

[6] J. Nagi, K. S. Yap, S. K. Tiong, et al. Improving SVM-based 
nontechnical loss detection in power utility using the fuzzy inference 
system[J]. IEEE Transactions on power delivery, 2011, 26(2): 1284-
1285. 

[7] Jokar P., Arianpoo N., Leung, V.C. Electricity theft detection in AMI 
using customers’ consumption patterns[J]. IEEE Trans. Smart Grid, 
2015, 7(1): 216–226.  

[8] Coma-Puig, B., Carmona, J. Bridging the Gap between Energy 
Consumption and Distribution through Non-Technical Loss Detection. 
Energies 2019, 12, 1748. 

[9] Krizhevsky, A., Sutskever, I., Hinton, G.E. Imagenet classification with 
deep convolutional neural networks[C]//Advances in neural information 
processing systems. 2012: 1097–1105. 

[10] Hinton, G., Deng, L., Yu, D. et al. Deep neural networks for acoustic 
modeling in speech recognition[J]. IEEE Signal. Process. Mag. 2012, 29.  

[11] Chen P, Liu S, Shi C, et al. NeuCast: Seasonal Neural Forecast of Power 
Grid Time Series[C]//IJCAI. 2018: 3315-3321. 

[12] Zheng, Z., Yang, Y., Niu, X., et al. Wide and deep convolutional neural 
networks for electricity-theft detection to secure smart grids. IEEE Trans. 
Ind. Inform. 2017, 14(4): 1606–1615. 

[13] Nabil M, Mahmoud M, Ismail M, et al. Deep Recurrent Electricity Theft 
Detection in AMI Networks with Evolutionary Hyper-Parameter 
Tuning[C]//2019 International Conference on Internet of Things 
(iThings) and IEEE Green Computing and Communications (GreenCom) 
and IEEE Cyber, Physical and Social Computing (CPSCom) and IEEE 
Smart Data (SmartData). IEEE, 2019: 1002-1008. 

[14] Irish Social Science Data Archive. [Online]. Available: 
http://www.ucd.ie/issda/data/commissionforenergyregulationcer/ 

 

 

 

 

 

  

Zhongtao Chen (1986.1--). He is the supervisor and 
engineer at the Information and Telecommunication 
Company of the State Grid Jibei Electric Power 
Company Limited. He received his Ph.D. at the Chinese 
Academy of Sciences University. His research interests 
are communication networks analysis and data mining. 

De Meng (1988.1--). He is an engineer at the Information 
and Telecommunication Company of the State Grid Jibei 
Electric Power Company Limited. His research interests 
are time series analysis and data mining. 

Yufan Zhang (1996.10--). She is a Master Candidate at 
Beijing University of Posts and Telecommunications. Her 
research interests are deep learning and abnormal data 
detection. 

Tinglin Xin (1989.8--). He is an engineer at the 
Information and Telecommunication Company of the State 
Grid Jibei Electric Power Company Limited. His research 
interests are deep learning and abnormal data detection 

Ding Xiao (1966.4--). He is a lecturer at Beijing University 
of Posts and Telecommunications. His research interests 
are software engineering and artificial intelligence. 
 

406

International Conference on Advanced Communications Technology(ICACT)

ISBN 979-11-88428-05-2 ICACT2020 February 16 ~ 19, 2020



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




