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Classification Method of Sleep Induction Sounds in
Sleep Care Service based on Brain Wave

Hyeon Seung Wi*, Byung Mun Lee'

ABSTRACT

Sounds that have been evaluated to be effective in inducing sleep are helpful to reduce sleep disorders.
Generally, several sounds have been verified the effects by brainwave experiments, but it cannot be
considered on all users because of individual variation for effects. Moreover, the effectiveness for inducing
sleep is not known for all new sounds made by creative activities. Therefore, new classification system
is required to collect new effective sounds with considering personal brainwave characteristics. In this

paper, we propose a new sound classification method by applying improved MinHash cluster to brain

waves. The proposed method will classify them through whether it is effective for sleep care by evaluation
his brainwave during listening for each sound. In order to prove effectiveness of the proposed classification
method, we conducted accuracy experiment for sleep sound classification using verified sleep induction
sound. In addition, we have compared time for existing method and proposed method. The former is
scored 85% accuracy in the experiment. We confirmed the latter one that the average processing time

was reduced to 70%. It is expected to be one of method for pre-screening whether it is effective when

a new sound is introduced as a sound for sleep induction.
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Fig. 1. Raw EEG data for user state,
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Table 1. Characteristics of EEG frequency bands
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Band type Frequency band Characteristics
Delta(A) 1(')W band 0-2Hz De'ep sleep(stage3, stage4)
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Table 2. Five categories for sleep induction sound in case of frequency in increasing(C]) decreasing(O)

Concentration Relax Shallow sleep Middle sleep Deep sleep

O alpha(a) O alpha(a) O theta(©) O high band delta(A) | O low band delta(A)
O gammal(r) O theta(®) O high band delta(®) O theta(®) O high band delta(A)
O beta(B) O beta(B) O beta(B) O alpha(a) O theta(®)
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Table 3, Target values to cluster sound for categories
ROW rEG State Category
Concentr-ation | Relax Shallow sleep | Middle sleep | Deep sleep
1 O low band delta(A) 0 0 0 0 1
2 O high band delta(A) 0 0 1 1 1
3 O theta(©) 0 1 1 1 0
4 O theta(®) 0 0 0 0 1
5 O alpha(a) 1 1 0 0 0
6 O alpha(a) 0 0 0 1 0
7 O beta(B) 1 1 1 1 0
8 O gammal(r) 1 0 0 0 0
9 preference 0 1 0 1 0
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Table 55 RHA 232 O7H-4 SFoE AYE
HaPstH . a3 (Effect)@E Induct, Relax, Con-
centration S+ FEE FASATH THAESF &
71 45" &< Pink noise, Firewood Sound,
Drifting into delta, Dolphin Dreams 4702 & %&&
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Hardware environments

Software environments

Model Ganglion Board Model Raspberry Pi Model Raspberry Pi
Pole Type dry type CPU ARM cortex-A53 0S Raspbian v-4.19
Channel 4 pole Memmory | 1GB LPDDR2 SDRAM
Bandwith OHz to 50Hz Platform Node v-12.13.1
Measure period 2000ms ) )
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Table 5. Sound list for experiment

Sound Info Name Effect Composer
Sound; Pink noise Sleep Induct unknown
Sounds Firewood Sound Sleep Induct unknown
Sounds Drifting into delta Sleep Induct Dr. Lee Bartel
Soundy Dolphin Dreams Sleep Induct Jonathon Goldman
Sounds Sun singer Relax Paul Winter
Sounds Crystal Meditation from Essence Relax Don Campbell
Soundy; Relax with the Classics, Vol. III Relax Pastorale
Soundsg A\/?Sﬁgtzilc;st:nétcl)v[farj(;r: Concentration Spring Hill
Soundy Voi che sapete Concentration Marriage of Figaro
Sound;g Relax with the Classics, Vol. 2 Concentration Adagio
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Fig. 6. Log Information during execution of proposed classification algorithm,
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