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Abstract Customized sleep care service needs to be provided differently for individuals since
individual has different degree of sleep disorder. Because the brainwave data shows unique
waveform characteristics for each person, this characteristic can be used to identify individuals.
Personal identification provides an important role in enabling customized services. When you blink,
you can obtain brain wave characteristics by measuring the area of the frontal lobe. Therefore, a
real-time personal identification algorithm based on blinking EOG for customized sleep care
service is proposed in this paper. For evaluation, 10 individuals were tested for personal
identification accuracy. The results of the experiment confirmed that a maximum accuracy of 93%
were taken. Algorithms can be developed by reflecting characteristics such as changes in the
external environment in the future.
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Fig. 1. Scenario for EOG signal while eyes blinking
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Fig. 2. EOG data measurement principles.
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Fig. 3. Example of data features from EOG signal
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Table 1. Feature extraction table for personal

identification
Symbol Description
HP Amplitude of positive peak of the eye blink
(High Peak)
LP Amplitude of negative peak of the eye blink

(Low Peak)

Position of positive peak from the onset of
LHPL positive pulse
(Left High Peak Length)

Position of negative peak from the onset of
LLPL negative pulse
(Left Low Peak Length)

Slope at the onset of the positive pulse

LHPG (Left High Peak Gradient)

LLPG Slope at the onset of the negative pulse
(Left Low Peak Gradient)

RHPG Slope at the offset of the positive pulse
(Right High Peak Gradient)

RLPG Slope at the offset of the negative pulse
(Right Low Peak Gradient)

HPL Duration of positive pulse of the eye blink
(High Peak Gradient)

LPL Duration of negative pulse of the eye blink
(Low Peak Gradient)
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Fig. 4. Customized sleep care service
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Fig. 5. System overview for realtime personal identification algorithm
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void EOG_feature_extraction(double[] EOG) {
HP = EOG[start];
LP = EOG[start];

for(i = 0; i < finish; i++) {

if(HP < EQG[i]) {
HP = EOGIi]; //High peak
LHPL = i - start; //Left High Peak Length

}
}

for(i = 0; i < finish; i++) {
if(LP > EOGIi]) {
LP = EOGIi];
LLPL = i - middle;
}
}

HPL = middle - start;
LPL = finish - middle;

//Low Peak
//Left Low Peak Length

//High Peak length
//Low Peak Length

LHPG = HP / LHPL; //Left High Peak Gradient
LLPG = LP / LLPL; //Left Low Peak Gradient
RHPG = HP / (middle - LHPL); //Right High Peak Gradient
RLPG = LP / (finish - LLPL); //Right High Peak Gradient

(b)
Fig. 6. Extraction algorithm for personal identification
(a) EOG blink signal extraction, (b) EOG feature extraction
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Table 2. Ganglion board hardware specification

ltem Specification
Model Ganglion Board
Size 241" x 2417
Power 3.3V to 6V battery only
ADC MCP3912
Frequency 200 Hz
BLE simblee BLE Radio module
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Table 3. Indivisual to person identification accuracy
(@) 1uV to 5uV, (b) 6uV to 10uV

experiment results TuVv 2uV 3uV | 4uv 5uV
user1 95 90 80 90 100
user2 95 95 100 90 95
user3 100 90 100 100 85
userd 100 100 65 100 100
recognition userb 80 90 100 75 85
rate(%) user6 100 | 90 90 80 80

user’ 90 100 95 80 100

user8 90 95 95 95 100

user9 95 90 85 75 70

user10 85 90 100 95 95

(@)
experiment results 6uV 7uV | 8uVv ouV | 10uVv
userl 95 70 85 95 75

user2 90 100 95 95 95

user3 75 80 65 85 70

userd 100 100 | 100 70 100

recognition userb 75 75 85 70 75
rate(%) userd 80 90 | 80 0 80
user’ 100 80 70 85 85

user8 90 70 85 95 80

user9 85 80 85 90 75

user10 90 95 90 85 95

(b)
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