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1. Logger details

Top

Indicator LED Input connector

Battery connector

micro SD connector

Power switch
(On at white dot)

micro SD installed Battery mounted
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Bottom

Input connector
Pin assignment

G

Power Switch  (On at white dot)

2. How to use

1. Insertthe micro SD card.

2. Connect the battery. The battery should be fully charged in advance.
3. Connect the female input connector on the logger to the male electrode connector on
the animal. The electrodes should be implanted in the animal in advance.

4. Start recording by sliding the power switch to the "ON" position (side with the white dot).

5. Make sure that the indicator LED is blinking every 2 seconds - this indicates that recording
is in progress. After turning the logger on, you need to wait at least 1 minute before
turning it off, as the logger saves data in the micro SD card at 1 minute intervals.

6. Disconnect the logger from the animal and stop the recording by sliding the power
switch to the "OFF" position (side with the black dot). Disconnect the battery.

7. Disconnect the micro SD card and then insert it into a PC with the Data Analysis software
installed to process and analyze the data.

Note: Data file name is assigned automatically. If there is no data in the SD card, the name
starts from “data00.bin". After that, the number will be incremented on every recording, like

"data0l1.bin®, “data02.bin”, “data03.bin” ... The existing data will not be overwritten.
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3. Charger

AC adapter

Battery connector

Mode Switch

If you are charging a small battery, the switch should be set to the "Small” position.
If you are charging a large battery, the switch should be set to the "Large” position.
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How to use charger

1. Connect the AC adapter. The indicator LED will turn on. If the mode switch is set to
"Small” the color will be red. If the mode switch is set to "Large” the color will be blue.

2. Make sure that the mode switch is at the correct position for your battery. Change it if it
is not correct.

3. To begin charging, connect the battery to the battery connector.

4. The indicator LED will dim once the battery is fully charged. The typical charge time is 1
to 2 hours.

5. Disconnect the battery.
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4. Binary data format

The raw data of the EEG logger is binary (.bin). The data is structured so that Chl and
Ch2 alternate, as shown below.

Ch1 data (int16, 2byte)
Ch2 data (int16, Zbyte)
Ch1 data (int16, Zbyte) Y-
Ch2 data (int16, 2byte)
Ch1 data (int16, 2byte)
ChZ data (int16, Zbyte)

The data format is 16bit integer. For handling values in integer, the stored values are
multiplied by 5 (i.e. The voltage resolution of the EEG logger is 0.2uV but the resolution of
values here is 1. so you need to divide by 5 to obtain the actual value in pV).

Matlab sample code for data reading
Two sample codes for Matlab (.m file) are included in the micro SD card in the standard set.

LoggerRead.m

function [&, B] = LozzerRead(s_in)

- filell = fopen(s_in);

- & = fread(filelD, "int16", 2);
fseek (filelD, ¥, “hof’);

- B = fread(filelD, "int16", 2J;

oo - O M fm D D —
|

= end

The third argument of fread() is “skip”. Here the value 2 means, "reading the values in
every other index.” When Ch2 is read, the second argument 2 of fseek() specifies the
start index of reading. Here, A is Chl data and B is Ch2 data from the array.
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Snap shot of LoggerRead.m execution:

o

o

[ ]
LoggerPlot.m

[ ]

1 function LoggerPlot (s_in)
2
3 - filelD = fopen(s_in);
4 - b= fread(filelD, "int1B", 2};
5 — fseek (filelD, 2, "hof');
B - B = fread(filelD, "int1B", 2};
7 - T @0 & (length(d)-1);
8 KT = T / 360000; % hours
9 — T=T/100; ¥ seconds
10 - b= A/5;
n - B = B/S;
12 - figure
13 — subplot (3,1,1)
14 - plot(T,4)
18 |= title("EEG")
18 — axl .gca;
17 - axl.iLim = [0 T(length(T1)];
18 - ax!.¥Lim = [-1500 1500];
19 - subplot (3,1,2)
W - plot(T,B)
2] |= title("EHG™)
22 - ax? = gca;
21 - axZ2.%Lim = [0 T(length(T1)];
24 — axQ‘Lim = [-1500 15007;
25 — subplot (3,1,3)
2% — title( Spectrogran’)
277 - spect rogram (4,1024,800,1024,100);
28 — wiew(90, -30);
29 — axd = geas
- ax3.iLim = [0 15];
31 - colarbar{"aff');
32 - caxis([25 3591);
83 - view(90, -80);
34
35 - endl

LoggerPlot reads Chl and Ch2 data and creates a plot. The value is already divided by 5 to
obtain rethe al pV value. The spectrogram shows the result of spectral analysis of Chi,
assuming Chlis EEG data.
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Snap shot of LoggerPlot.m execution:
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5.EDF Converter software

[

EDF Converter

EDF Converter software can convert the .bin file recorded in the EEG logger to EDF
format (European Data Format, .edf) and text format (.txt). The installer is included in the
micro SD card in the standard set. Double click “INSTALL.EXE" in the “EDFConverter
Installer” folder and install it on the PC. After installation, double click the desktop icon

to run the EDF Converter software.

Select File -> Open from browsing and select the .bin file that you want to convert.

Note: The letters in the file name should only be English one-byte characters, if you

include any other language's characters, the software may fail to open the file.

Click the "Convert to EDF" button and a ".edf" file of the same name will be generated
in the same directory. You should see the "Conversion finished!" message displayed of
the software.

Click the "Convert to TXT" button and a ".txt" file will be generated. The value is already

divided by 5 to obtain the actual value in pVv.

Note : The conversion may take longer if the recording time is long. Also, the

conversion speed depends on PC spec. Please wait until you see the “Conversion
finished!” message even if the software looks like freezing. For example, in Windows 10
64bit / Intel Core i7-7700HQ CPU @ 2.80Hz / 16GB RAM PC, converting 24 hours
recording data to EDF takes about 20 seconds, to TXT takes about 1 minute.
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6. ELG-2 software

The viewer software, ELG-2 software enables a quick overviews of data, as well as
filtering, and simple analysis, e.g. FFT based alpha, theta, delta power calculation, and

hypnogram plots. It has three plot areas where raw data or analyzed data can be displayed.

Plot Area 1

Plot Area 2

Plot Area 3

A simple instruction to visualize data

1. Click the “Open” button and select a data file (.bin). It may take a while depending on the
data length. The data is shown in the plot areas. By default, plot area 1 shows chl raw data,
plot area 2 shows chli filtered data, and plot area 3 shows hypnogram.

2. Fromthe menu, click “Setting” -> “Ch Config”. Channel Configuration dialog appears.

3. Choose the data that you want to be shown in the plot areas from the drop down list
on each Plot.
For example, Plot 1 : Chil, Plot 2: Ch2, Plot3: Delta / Theta, etc.

4. Click the “Refresh Plot” button to apply the change. Plot area should be refreshed
with the new data inputs.

5. You can move the plot by left clicking and dragging. You can zoom-in/out of the plot
by right clicking and dragging
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Main Window

File Menu
_» Open: Open .bin data file. Open
g FLG-2 TXT: Open .txt data file.
_ : _ Save Setting: Save current setting to .elg file
File™ Setting Version Load: Load .elg setting file

Quit: Close the software
Cpen .
Settings Menu

Setting | Version

Parameters Parameters: open Parameters dialog.

Refresh Plot Ch Config Ch Config: open Channel Configuration dialog

Open button: Open .bin data file.
Fefresh fnalvsiz

il

Refresh Plot: Refresh plots based on the current settings.

Refresh Filter
Refresh Analysis: Refresh analysis based on the current

settings.

Awake (mind : 1189 . ] o
Refresh Filter: Refresh low pass and high pass filtering

Sleep (min): 0 based on the current settings.
REM {min} :

Stage 1 (min) : Results of sleep analysis are shown here. Human mode only.
Stage 2 (minj :

Stage 3 (min) :

s

Stage 4 (min] :

.-— | . .
Save Result Results of sleep analysis can be exported in .txt format.

1"
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Parameters Dialog

In the Menu, Click Setting -> Parameters to open Parameters

dialog.

Threshold on alpha
power.

Upper threshold on
theta power
judging stage 1/ 2.

Lower threshold on
theta power judging
awake / stagel.

Upper threshold on
delta power judging
stage 3/4.

Lower threshold on
delta power judging
stage 2/ 3.

Number of
repetitive judgement
to transit to the next
stage.

Triangular smoothin
applied to power data.

Number of FFT data

NOTE: the ELG-2 has not been approved for use with humans

mode: “"Human” or “Animal”.
In Human, sleep stage consists of Awake, REM, Stage 1, 2, 3 and 4. It only uses EEG data.
In Animal, sleep stage consists of Awake, REM and NREM. Awake / Sleep is based on Abs
of EMG, REM / NREM is based on Delta / Theta.

Bl Parameters

Mode:

® Theta Threzh, Upper:
Co 100000}

@ Theta Thresh, Lower :
(100000}

/L. Delta Thresh, Upper:
(100000}

Delta Thresh, Lower:
Cx 1000003

f Repetitive Judee:

Smoathing (Trianeular)

T Epach Window (FFT)

\ filpha Thresh (100000}

Human =

150 |2

1300 |2

20 :
§ 5
024 -

#lpha Range, Max (Hz):

Alpha Fange, Min (Hz):

Theta Ranee, Max (Hz)

Theta Range, Min (Hz):

Delta Range, Max (Hz):

Delta Ranee, Min (Hz}:

Abs Thresh:

O/ T Thrash:

.

points. It corresponds
with the length of each

epoch.

12

Upper alpha range in Hz.

Lower alpha range in Hz.

Upper theta range in Hz.

Lower theta range in Hz.

Upper delta range in Hz.

Lower delta range in Hz.

Abs Threshold

Threshold on delta
power / theta power
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Channel Configuration Dialog

In the Menu, Click Setting -> Ch Config to open Channel Configuration dialog.

Choose data to show
in each plot area.

Gh1 Filt

Cha

Ch2 Filt
Hvprogram
flpha power
Theta power
Delta power
Delta / Theta
Abz

Choose EEG data to
analyze hypnogram.

Choose data to
calculate absolute
value. Abs value
can be used for
awake / sleep
judgment in Human
mode, and artifact
detection in Animal
mode.

Enter high pass and
low pass filter
corner frequency
for filtered data. If
you select "OFF”
filler calculation is
skipped.

Choose preferred
time axis unit. Hours
or minutes

\0 Plat

@ Channel Configuration ?

I: Chi -
\ Plat 2: Chi Filt -
\. Plot 3: Hyprioeram - |
/4 Ch for Hypnogram: | (Chi Filt -
L@ Ch for Abs: Chi Filt -
/cm Filter:  HP: Hz  LP: He |ON -
» Ch2Fiter:  HP Hz  LP: He OFF ~
/ Time unit hiour - |
frtifact detect: fibs -
/ Skip F'.rtlfact Mo -
Choose Abs Choose a behavior when artifact is detected. If
or Alpha you choose Yes, the judgement of the epoch is
power to skipped. If you choose No, it judges the epoch as

detect artifact.

stage goes backward (to awake direction.)
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7. Electrode

The input connector of the EEG logger is a universal 1.27 mm pitch female connector
with 5 round pins (See section 1 for pin assignment). An electrode for EEG and EMG
recording is included in the standard set (model: EeEm-12-25-12). It has three stainless
screw electrodes for EEG +, EEG — and GND, and two silver wire electrodes for EMG +
and EMG -. The diameter of the screw electrode is 1 mm, and the wire length is 12 mm.
The diameter of the wire electrode is 200 um, and the wire length is 25 mm. Other wire

lengths can be provided on request.

Screw electrode for EEG

Wire electrodes for EMG
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8. Specifications

Specifications

Logger weight
Battery weight
Recording time
Recording Channels
Sampling rate

Input range
Resolution
Highpass filter
Lowpass filter
Media

Data format

1.5g

Small: 1.2g,Large: 2.9¢g

Small: 26h, Large: 70h

Differential2ch  (Ch1l+, Chl-, Ch2+, Ch2-. GND)
100Hz/ch

+bmV

16bit (£6.5mV by 0.2uV step, but clipped at 5mV)
0.1Hz

100Hz

micro SD (Samsung EV0 Plus 3268 recommended)
Binary, Matlab compatible / incl. EDF & TXT converter
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