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Abstract. When the optimization of the manufacturing units is considered, the management usually 

focus on equipment costs and technology parameters. However, being the rising price of the energy, 

the energy efficiency has become a sensitive issue. Detailed energy related information should be 

collected in order to understand the consumption profile of each relevant machine/process and 

identify potential energy savings. Data gathering is time-consuming and very expensive since 

individual metering devices have to be used for each consumer. To overcome this inconvenient, 

several solution have been reported. All of them are making use of a single metering device 

(monitoring the overall energy consumption) and some Load Signature Identification algorithms, 

used to disaggregate the overall energy between the identified consumers. Their relatively low 

detection rate (about 80-90%) hindered the spread of LSI-based architectures. In this context, a new 

hybrid architecture is proposed in this paper, together with it's hybrid LSI algorithm. Several test 

performed in an electronic prototyping facility result in a detection rate close to 100%.  

Introduction 

The idea of using a single smart metering device, empowered with Load Signature Identification 

algorithms, and thus capable of determine the consumption of each individual appliances is not new. 

Non-intrusive load monitoring is a method which analyzes changes in voltage and current 

waveforms in order to identify the characteristics specific to each consumer. These characteristics 

represent the electric load signature, which can be defined as the electrical behavior of an individual 

appliance when it is operating.  Non-intrusive load monitoring consists of three steps: feature 

extraction, event detection and device identification. During feature extraction, the voltage and 

current waveform are monitored and different characteristics are extracted, (real or reactive power, 

admittance, shape of current waveform, harmonics, etc.) [1, 2]. These characteristics are analyzed in 

the event detection step and when certain variations occur they will be flagged as events, which will 

be later used for identification.  In the final step, an algorithm processes the flagged events and 

matches them with previously recorded examples [3-5]. In order to obtain conclusive results, 

different methods of analyzing these features and classification of loads have been used over time.  

Considering the analyzed features, these methods can be classified as methods based on: 

Steady-state analysis 

This method analyzes the changes in steady states of normalized real and reactive power 

consumptions inside a house, in order to identify electrical consumers [6]. By plotting these changes 

into a bi-dimensional plane, clusters of points can be observed which relate with devices turning 

on/off [7]. This algorithm offers good results [8] but has severe limitation in the detection of small 

appliances, appliances which are continuously turned on or continuously variable appliances, which 

should not be chosen as targets of this approach. 

Transient analysis 

Devices with similar steady-states variations may have different turn-on transient currents, which 

can be used in the process of identifying the electric load signature [9-10]. Being the shortness of 

the transient regime, a complete analyze of the whole profile of a transient is requesting monitoring 
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systems with capabilities to monitor data at high frequencies over long periods of time hard to 

implement and requires many resources [11]. 

Harmonic analysis 

Harmonic analysis can also be used to characterize the signature of electric devices [12, 13]. 

While linear loads draw currents of fundamental frequency, non-linear loads also draw harmonic 

currents. Analyzing the amplitudes and the values of harmonic real and reactive power,[14] 

correspondences can be found between a type of device and its harmonic content.  

A detailed analysis of all reported achievements [15-17] revealed that the overall detection and 

disaggregation accuracy is between 80-90%, far from constituting a reliable foundation of an energy 

management platform. The development bottleneck, yielding this result, consist in the low accuracy 

of Event Detection component of all LSI algorithms, together with the high computational demand 

of the Fourier Transform used by Feature extraction component.  

Hybrid energy monitoring system 

A new architecture is proposed in this paper. Its structure (Fig. 1) is based on developing the new 

concept of Hybrid LSI, which, besides using the information extracted from the measured voltage 

and current signals, will also use hardware data, generated by SID, a device attached to the power 

cord of the appliances and aimed to transmit via PLC the identification code of the powered device.  

 

This way, the development bottleneck of Event detection is surpassed. A new LSI algorithm, 

Hybrid LSI (HLSI) (Fig. 2) which will analyze the global current and voltage waveforms, establish 

the load pattern of the powered appliances and compare this signature with those stored in the 

household appliances database. A high definition harmonic analyze is performed to identify 

especially the consumers with a variable load, in conjunction with the event detection and appliance 

identification provided by SID. It is based on a new type of Fourier Transform, with variable 

resolution (VDFT) developed and adapted to perform Feature extraction and Disaggregation. This 

method, make use of non-integer number of cycles in the DFT kernel’s orthogonal signals 

(argument of DFT), and provide high accuracy evaluation of spectral components with significant 

reduction of the computational effort [18-21].  

Fig. 1. Hybrid architecture of energy monitoring system  
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In Fig. 3, the block diagram of the disaggregation algorithm is presented. The algorithm first 

acquires continuous data segments of voltage and current which will be used in the next step, to 

determine the overall values of active (P) and reactive (Q) powers. Next, the algorithm detects the 

variations of the two powers (∆P and ∆Q) and first 4 current harmonics (∆(Ak/A1)) which 

correspond with a electrical device transition from one operating state to another. With these values 

the algorithm detects possible combinations of consumers that could generate those changes. Two 

detections of combinations are performed, one for the active and reactive powers and the other one 

for the current’s harmonics. Once these combinations are found, the algorithm will determine that 

combination with the smallest deviation and the information of the corresponding consumers are 

updated with the measured values.  

Under these circumstances, the proposed system will allow a low-cost consumption monitoring 

of individual appliances, with a detection rate close to 100%. 

Experimental results 

Test have been made in an electronic 

prototyping laboratory facility with four 

working machines:  LPKF ProtoMat E33 

plotter, Proxxon BFW40/E milling 

machine, Troy 17150 grinder and Perel 

4700 drilling machine. 

In the first stage of our experiments, 

these machines have been monitorized in 

order to determine their electrical 

signature. The results, expressed in terms 

of P-Q diagram and normalized 

harmonics amplitude spectrum are 

presented in Fig. 4 and Fig. 5 respectively.      

Fig. 2. Hybrid Load Signature Identification algorithm 
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Fig. 3.  Block diagram of Hybrid Load Signature 

Identification algorithm 

 

0

100

200

300

400

500

600

700

800

50 150 250 350 450 550 650

Q  [VAR]

P
  

[W
]

GRINDER

PLOTTER

DRILL

MILL

Fig. 4. P-Q Diagram 
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In the second stage of our experiments, the hybrid energy monitoring platform was used to 

monitor the global electrical power consumption and to perform it's breakdown into individual 

consumptions of the four working machines. The values obtained by using the disaggregation 

algorithm have been compared with those obtained by direct measurements over an entire working 

day, the differences being smaller than 3.074%.  

Conclusions 

A new architecture of electric energy management platform is proposed, making use of both a 

hybrid hardware architecture and a hybrid load signature identification algorithm. This management 

platform is able to perform load disaggregation in noisy industrial environments, it's detection 

accuracy, as tested in an electronic prototyping laboratory facility with four working machines, 

being close to 100%. 

Acknowledgement  

This work was supported by a grant of Romanian National Authority for Scientific Research, 

CNDI-UEFISCDI, project “Smart metering device with incorporated load identification features” 

SigMET, 30_PCCA_2012. 

References 

[1] H.H. Chang, P.C. Chien, L.S. Lin, N. Chen, Feature Extraction of Non-intrusive Load-

Monitoring System Using Genetic Algorithm in Smart Meters, 2011 IEEE 8th International 

Conference on e-Business Engineering (ICEBE) (2011) 299-304. 

[2] Y.C. Su, K.L. Lian, H.H. Chang, Feature Selection of Non-intrusive Load Monitoring System 

Using STFT and Wavelet Transform, 2011 IEEE 8
th

 International Conference on e-Business 

Engineering (ICEBE) (2011) 293-298. 

[3] S. Semwal, D. Joshi, R.S. Prasad, D. Raveendhra, The practicability of ICA in home appliances 

load profile separation using current signature: A preliminary study, 2013 International 

Conference on Power, Energy and Control (ICPEC) (2013) 756-759. 

0

0.25

0.5

0.75

1

0 100 200 300 400

f  [Hz]

A
k

 /
 A

1 Grinder 

0

0.25

0.5

0.75

1

0 100 200 300 400

f  [Hz]

A
k

 /
 A

1 Plotter 

0

0.25

0.5

0.75

1

0 100 200 300 400

f  [Hz]

A
k

 /
 A

1 Drilling machine 

0

0.25

0.5

0.75

1

0 100 200 300 400

f  [Hz]

A
k

 /
 A

1

Milling machine 

Fig. 5. Normalized harmonics amplitude  

 

498 Modern Technologies in Industrial Engineering



[4] M.C. Lin, Y.C. Chen, S.L. Tsao, W. Tang, Design and implementation of a home and building 

gateway with integration of nonintrusive load monitoring meters, 2012 IEEE International 

Conference on Industrial Technology (ICIT) (2012) 148-153.  

[5] M. Weiss, A. Helfenstein, F. Mattern, T. Staake, Leveraging smart meter data to recognize 

home appliances, 2012 IEEE International Conference on Pervasive Computing and 

Communications (PerCom) (2012) 190-197. 

[6] G.W. Hart, Nonintrusive appliance load monitoring, P. IEEE 80 (1992) 1870-1891. 

[7] N. Hisahide, I. Koichi, S. Tatsuya, Non-Intrusive Appliances Load Monitoring System Using 

Hidden Markov Model, Trans. Inst. Electr. Eng. Jpn. B 126 (2006) 1223-1229. 

[8] A.G. Ruzzelli, C. Nicolas C., A. Schoofs, G.M.P. O'Hare, Real-Time Recognition and Profiling 

of Appliances through a Single Electricity Sensor, 2010 7th Annual IEEE Communications 

Society Conference on Sensor Mesh and Ad Hoc Communications and Networks (SECON) 

(2010) 1-9. 

[9] H.H. Chang, C.L. Lin, J.K. Lee, Load Identification in Nonintrusive Load Monitoring Using 

Steady-State and Turn-on Transient Energy Algorithms, Proceeding of the 2010 14th 

International Conference on Computer Supported Cooperative Work in Design (2012) 27-32. 

[10] Y.S. Lai, Y.C. Chen, S.L. Tsao, T.C. Tsai, A novel search scheme for nonintrusive load 

monitoring systems, 2012 IEEE International Conference on Industrial Technology (ICIT) 

(2012) 102-107. 

[11] N. Lu, P. Du, X. Guo, F.L. Greitzer, Smart meter data analysis, 2012 IEEE PES Transmission 

and Distribution Conference and Exposition (T&D) (2012) 1-6. 

[12] D. Srinivasan, W.S. Ng, A.C. Liew, Neural-network-based signature recognition for harmonic 

source identification, IEEE T. Power Deliver. 21 (2006) 398-405. 

[13] J.W.M. Cheng, S.K.K. Ng, L. Jian, Z. Jin, An alternative use of power quality information - 

Load signature studies & applications, 2012 IEEE 15th International Conference on Harmonics 

and Quality of Power (ICHQP) (2012) 150-155. 

[14] S. Pattem, Unsupervised Disaggregation for Non-intrusive Load Monitoring, 2012 11th 

International Conference on Machine Learning and Applications (ICMLA) 2 (2012) 515-520. 

[15] J. Liang, S.K.K. Ng, G. Kendall, J.W.M. Cheng, Load Signature Study—Part II: Disaggregation 

Framework, Simulation, and Applications, IEEE T. Power Deliver. 25 (2010) 561-569. 

[16] L. Jian, S.K.K. Ng, G. Kendall, J.W.M. Cheng, Load Signature Study—Part I: Basic Concept, 

Structure, and Methodology, Power Delivery, IEEE T. Power Deliver. 25 (2010) 551-560. 

[17] M. Dong, P.C.M. Meira, W. Xu, C.Y. Chung, Non-Intrusive Signature Extraction for Major 

Residential Loads, IEEE Trans. Smart Grid 99 (2013) 1-10. 

[18] A.S. Ardeleanu, M. Creţu, C. Donciu, Electrical signature – a means of improving the 

management of electricity consumers, Proceedings of the 7th International Conference on 

Management of Technological Changes 2 (2011) 553-556. 

[19] A.S. Ardeleanu, C. Donciu, Nonintrusive Load Detection Algorithm Based on Variations in 

Power Consumption, Proceedings of the 2012 International Conference and Exposition on 

Electrical and Power Engineering (2012) 792-797. 

[20] M. Temneanu, A.S. Ardeleanu, Hardware and Software Architecture of a Smart Meter Based 

on Electrical Signature Analysis, The 8th International Symposium on Advanced Topics in 

Electrical Engineering (2013). 

[21] C. Donciu, A.S. Ardeleanu, M. Temneanu, Multi-feature Load Detection Algorithm, 2013 

International Conference on Future Energy & Materials Research (2013). 

 

Advanced Materials Research Vol. 837 499


