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Abstract

The LIT-Dataset is composed by three Subsets of voltage and
current data collected as electrical loads were switched on and
off. It was conceived and engineered to provide data for evalua-
tion of NILM (Non-Intrusive Load Monitoring) Systems.This guide
presents the information to setup and use the LIT-Dataset, which
is available for download. Also, it describes how the binary data
in the dataset can be converted into MATLAB readable data.
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1 Overview

The LIT-Dataset consists of three subsets, each with its own purpose:

1. Synthetic: waveforms were collected with a jig that precisely con-

trols the on and off times in a scenario of controlled load shaping.
The jig controls each individual load, up to eight, using TRIACs
and relays, hence, allowing for on-times at specified angles of the
mains sine wave. The on and off times are recorded in the wave-
form with a resolution better that 5 ms, allowing the identification
of the mains semi-cycle where the ”on” or ”off” load-event occurred.
Typically waveforms are 30 seconds long at sampling rates above
15 KHz, achieving 256 samples per cycle.

. Simulated: several classes of loads were simulated in a MAT-

LAB/SIMULINK environment, and validated against actual loads.
The use of simulated loads allows us to modify the load character-
istics so to create scenarios that would be very difficult /complex to
create in the real world.

. Natural: waveforms were collected in an actual environment (res-

idential, research, commercial, industrial) over longer periods of
time. Sensors are attached to each load so to precisely detect and
record the on and off times of each load, while the waveforms record
the aggregate current and voltage of all monitored loads.




2 Getting Started

To use the LIT-Dataset properly, follow the steps:

1. Access the website were further information is available on this
dataset. Before downloading the dataset please register using the
link available on the website. After completing the registration form
an e-mail is sent with he password to unlock the dataset.

2. Download this .zip file with the file structure for the LIT-Dataset.

Select a local folder where the LIT-Dataset will be stored in your
computer; expand this .zip file there.

LIT_Dataset
Documentation
Matlab_Data

Matural
Simulated
Synthetic
RawW Data
Matural
Simulated
Synthetic

Tools

Figure 1: LIT Dataset file structure as downloaded in this step.



http://www.dainf.ct.utfpr.edu.br/~douglas/LIT_Dataset/
http://www.dainf.ct.utfpr.edu.br/~douglas/LIT_Dataset/folder_struct.zip

3. Three links are available on the website to download each one of
the Subsets. Each subset may be downloaded as a single .zip file or
in parts (Synthetic has 4 parts and Simulated has 6 parts).
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download
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Figure 2: Downloading a Subset




4. Extract the .zip file (using the password sent by e-mail) in the
corresponding folder in the RAW Data folder. Since (in this exam-
ple) all 6 .zip files were downloaded together, first you unzip the
Simulated.zip file to obtain the six .zip files which can then be ex-
panded (as a group) using the password. The waveforms in binary
format (as described in format specification document available on
the website) are then accessible.

PwiSig » databases » LIT Dataset » RAW Data »

Name. Date modified
Natural 04-Dec-19 20:
Simulated 04-Dec-19 20
Synthetic 0.

{ Simulated.zip
Open

Open in new window

Melun-20 1416

Extract All..
7-Zip

CRC SHA
Pin to Start

v o ) Search RAW Data
Trpe size Name -
File folder Sim_Ideal
File folder ¢ Sim_Idealzip
File folder

£ Sim_Induct.zip
Compressed (zipp... 1,314,402 KB §) Sim_Induct_Harmo.zip
¢ Sim_Induct_ Harmo_SNR_10.zip
£ Sim_Induct_Harmo_SNR_30.zip

£ Sim_Induct_Harmo_SNR_60.zip

4 TortoiseSVN

_{ Edit with Notepad-++
P

%2 Sendwith Transfer.

E scan with Windows Defender.
12 Share

v <« dr » PwrSig »
v LIT_Dataset
Documentation
Matlab_Data
v RAW_Data
Natural
v Simulated
Sim_|deal
Sim_Induct

Sim_Induct_Harme

Sim_Induct_Harmo_SMNR_10
v Sim_Induct_Harme_SNR_30

v 1
1A0
1A1
180
181
1C0

Open archive
Open archive >
Exract files...

Extract Here

Extract to "Simulated\"

Test archive

Add to archive...

Compress and email

Add to "Simulated_2.72"

PwiSig » databases » LITDataset » RAW Data » Simulated »

Date modified
11-Jun-20 14:22
11-Jun-20 17:12
11-)

Blapsed time:
11-Jd Remaining time
1-Jd Fles

Compression ratio:

Edracting

Sim_ideal\\1AD\
Descrption bt

v o Search Simulated
Tipe size
Filefolder
Compressed (zipp.. 88,496 KB
diPwrSigd \Sim_Ideal zip
00:00:40 Total size:
Speed
] Processed
Enter password x
Enter password.
Show password

Background Pause

Figure 3: Dataset files expansion
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5. (optional) Run the MATLAB script (as described in Section sec-
tion 5 to convert the binary files into MATLAB readable data. This
step takes about 2 hours for the Synthetic subset and 3 hours for
the Simulated subset.

B3 PUBLISH
EE:' ™~ % [QlFindFies  <pg o nsert 51 fx - U . | Stephn
izl compare ~ o GoTow Comment % e %1 _  _istepout  Function CallStack o
Mew Open Save Breakpoints Pause Step W‘ Quit
- - v = Print ¥ L Find + Indent wE| [Fep ~ ~ [;L Run to Cursor Debugging
FILE NAVIGATE EDIT BREAKPOINTS DEBUG
<% = = ﬁ b C: b dr b PwiSig b databases » LIT Dataset b
Current Folder ® Variables - loads_set
Mame | LIT_binZmat.m |+ |
Documentation 1 $LIT binZmat.m
Matlab_Data 2 % s MATLAB script is used to extract binary data from the LIT
=] RAW_Data 3 % RAW Data files and construct MATLAB arrays from this data for
Natural 4 - are saved in .mat files.
Simulated 5 ri, Douglas Renaux

Synthetic £
=] Tools TT Tar=oe 2TT. Jser cuide 51e
7 T Dataset - MATLAB user guide (pdf file)
fﬂ ChoiceOfLoads.m - -

@ CreateStructLIT.m g

u‘ LT bin2mat % Clear the workspace and command window
INcmMat.asv
- 10 - 1
| LIT_bin2mat.m e
11 1= clear

] NumberOfTraces.m

) fﬂ VerifyingVar.m 2@ close all

Figure 5: View of one of the expanded folders

! —  Remember: check out at our website for available updates. New files are
added over time.

Remarks for the Natural subset:

Since recording for long periods at 15 kHz requires a lot of space, the
recordings of the waveforms in the Natural subset are segmented. Each
file represents about 15 minutes of the total waveform.

The Matlab script converts each binary file into a corresponding Matlab
file. If your machine has sufficient memory, it is possible to combine all
the segments of the waveform into a single file (Waveform.mat) using the
function combine_nat. An example of usage is:

n = combine_nat (70000, TH2A2B2C2K2F2D2');

where 70000 is the index of the first segment file and TH2A2B2C2K2F2D2
is the name of the folder in the Matlab_Data folder where the segments
are stored.



http://www.dainf.ct.utfpr.edu.br/~douglas/LIT_Dataset/

3 LIT-Dataset File System Structure

The file system structure presented here is required for proper use of the
binary-to-matlab conversion as well as for future updates of the dataset
files.

The file system structure is presented in Figure 6 and described below:
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Figure 6: File system structure (top level).




Subsets

Structure of each subset

Caption

ABCDE Static folder
ABCDE Dynamically created folder
ABCDE Dynamically created data structure

ABCDE ——>  Dynamicalycreated vector

ABCDE General file (pdf,doc,pg.

RAW _Data:

This folder holds the raw acquisition files (in binary format) as down-

loaded from the website. Its contents is detailed in Figure 7. Note that
inside the RAW_Data folder there is one folder for each subset (Syn-
thetic, Simulated and Natural). Each subset is further decomposed in
folders with single load acquisitions (1), two concurrent load acquisitions
(2) and so on. Further documentation is available in the pdf files in the
Documentation folder.
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Figure 7: RAW _Data folder structure.




Matlab_Data: This folder is created by the MATLAB script (LIT-bin2mat.m) to store

the generated data structures (MAT-File Format).
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Figure 8: Matlab_Data folder structure.

This folder contains the Matlab functions that convert the binary files into
.mat files. LIT_bin2mat.m is the main function (see Section 5) and calls
the others. The function ChoiceOfLoads is used to select which acquisi-
tions are converted from binary files to .mat files. The NumberOfTraces
function identifies the number of waveforms that the selected acquisition
contains. CreateStructLIT performs the conversion of the binary format
into a .mat file.

This folder holds the documentation related to the LIT dataset as pdf
files. It is an auxiliary folder that does not affect the behavior of either
the dataset or the tools.
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4 LIT-Dataset Contents

In the context of the LIT-Dataset, the following concepts apply:

Waveforms: A waveform is a sequence of voltage and aggregated current samples
collected over a specific time. These samples are stored in a file in binary
format to reduce file size. In literature, such a file is also called a trace.

The files presented in the figure below belong to the same waveform.

Name Date modified Type Size

B{ Description.tct 22-May-19 09:42 TXT File 1KB
| | Samples_000.cenfig_processed 27-Jun-1911:12 COMFIG_PROCESS.. TKB
|| Samples_000.events 14-Mar-19 10:11 EVENTS File TKE
| | Samples_000_0.bin 13-Mar-19 11:46 EIN File 903 KB
|| Samples_000_1.bin 13-Mar-19 11:46 EIN File 903 KB
| | Samples_000_2.bin 13-Mar-19 11:46 EIN File 903 KB

Figure 9: Files that compose a waveform.

Description.txt: is an ASCII file that describes the load(s) being mon-
itored and the time where powr events occur.

Samples_000.config_processed: describes the conversion values re-
quired to interpret the binary values in the next files.

Samples_000.events: has the timestamps where the load events oc-
curred.

Samples_000_x.bin: has the samples (in binary) for sensor x. Sensors
are either voltage sensors or current sensors. The number of sensors and
their characteristics is described in Samples_000.config_processed.

Load Configuration: A load configuration is a description of what loads compose a specific
waveform recording and the times when each of these loads are turned
on or off.

Acquisition File Set: For each load configuration, the LIT-Dataset has stores several wave-
forms, each recorded with a different power-on mains angle. For the Syn-
thetic Subset, since the loads are energized by TRIACS, precise power-on
timings are possible. Hence, each load configuration has 16 recordings,
correspondig to power-on when mains are at angle 0°, 22.5°, 45°, and so
on.

Each .zip file in the LIT-Dataset corresponds to a single Acquisition File
Set. For the Synthetic Subset, each .zip file contains 81 files, including
descriptions, events and binary samples.

5 Using the function LIT bin2mat

The LIT-bin2mat.m is a MATLAB script that reads the raw (binary) files
in the RAW—"Data folder and creates the corresponding data structures
(stored as MAT files) in the Matlab 'Data folder .

In the following sections we describe how the script works and how it can
be configured.
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5.1 Input parameters description

These are the configuration parameters that can be selected by the user.

Subset: This parameter selects a subset of the LIT-Dataset.

Parameter Type: char array;

Options:

'Synthetic';

'Sim _Ideal';
'Sim_Induct_Harmo';
'Sim_Induct_Harmo_SNR_10';
'Sim_Induct_Harmo_SNR_30';
'Sim_Induct_Harmo_SNR_60';
'Natural';

The variations of the Simulated Subset are described in the report:
"LIT-Dataset Description of Loads and Subsets”.

5.2 Output parameters description

The output are waveform files at a given power-on angle (triggering angle)
selected by the user. The file name is composed by:

Waveform_+ IDgng (1)

Where the I Dgyg refers to the ID Angle chosen, see the document ”LIT-
Dataset Description of Loads and Subsets”.

The waveform files include:

iShunt: A vector containing the current signal collected by shunt
Sensor.

iHall: A vector containing the current signal acquired by hall sensor.
vGrid: A vector containing the voltage grid signal acquired.

events: A numbered vector with the turn-on and turn-off events
information. The value ’1’ is set at the exact sample of a turn-on
event and its complementary ’-1’ is set for a turn-off event. All the
other samples are set with a null value.

labels: A string valued vector to correlate each turn-on and turn-off
event indicated at the r_events and r_vector with the correpondent
load ID.

duration: This is a single integer to identify the acquisition duration
in seconds.

Each waveform is generated inside the configuration folder of loads chosen
by the user.

! — If the folder structure, described in Section 3 is kept. The Output folder
will be generated automatically.
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