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[Abstract]

In this paper, we proposes a method for real-time processing of inter-floor noise problems by
embedding TinyML, which includes a deep learning model, into ultra-low-power systems. The reason
this method is feasible is because of lightweight deep learning model technology, which allows even
systems with small computing resources to perform inference autonomously. The conventional method
proposed to solve inter-floor noise problems was to send data collected from sensors to a server for
analysis and processing. However, this centralized processing method has issues with high costs,
complexity, and difficulty in real-time processing. In this paper, we address these limitations by
employing On-Sensor Al using TinyML. The method presented in this paper is simple to install,

cost-effective, and capable of processing problems in real-time.
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Fig. 1. A graph representing floor vibrations in the x, v,
and z axes of a gyroscope
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Fig. 3. Gyroscope Z—axis graph for six actions

3.2 Developing a CNN model for noise
discrimination
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Fig. 5. Accuracy graph during model training and validation
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Fig. 6. Loss graph during model training and validation

3.3 Developing logic for discriminating
inter-floor noise

PCojA &3d 48w CNN 22-& Arduino nano
33 BLE Mo ©A5l7] YA A 9708 CNN 2ele
[19] Tenforflow Lite =01 tflite oA C T2 ¥
grstojof gitt. tflite UL 2EA0A Al5dte xds
ol gste, Celojo] vz Wkt vjEz W A5
o CNN 222 TinyML applicationo]] &3]0 %=
57148 WE 2A0] AgEA Gk

Fig. 7. Flowchart for Inter—floor noise discrimination Logic

rlo

Sas wE 2R gy 2o AS3HE CNN 2
do] 232 WHsl/| YoliA= Ao|2ATT AN x, vy,
z 3% 128707F J=E]ofof st} Afojz A AllAofA] £
B TinyML application®] #jmfo] 1287]2] to|&|7} o]
11, o] glo]E|E [20]TensorFlow Lite9] QIEL2]EHE &
stof CNN 222 wsit) ol A2jeh= & AR
1.28%7} Adc} Ajo]2AF T Sample_rate FIopp7t
w2z Go82 x vy, z &AM Hold 17§E TinyML
application®] W o] 4= AJ7to] Tf2f 10ms?} A2|=
Alo]t}, o] A]7F2 Arduino nano 33 BLE EEofjA x|
st Ao R of2] A BN AT o 452
=0]7] 9ol Sample_rate 45 F0|H, A|ARI0] H

v =APEEASE %, y, z "ol 3 12871 7HR] A

Bagog WHEY] Qside 27K BAIE 1A
o} AR, Fine Vibration Value?} A%st AAIZE
(Threshold)}& ‘dofo} sttt Ad Al AoA] LAE]=
OlAIgE 2152 vhe kolxg QQIASH: F97t 10% A
T 9Rleith M HIAE ZAWE "o Z  Fine
Vibration Value o] 7%t AAstct. 22ja BAd
AARZ g2 Noise' gho] "FtA S 0 whishy] ¢
of 7o H=% sttt &M, 3taS2 109 A3A|
7t 12.8% (19 A|2A] 1.28%) Qo] Noise'7} 3 o]Ato]
7hee Eolof 2lEAcr ‘Ftag or wEAM. oY
Al 7t olfe BAR LR B WA 23S FUAS

2 2a8bx] o] gakolnt ATAg o wo

5 |
Arduino nano 33 BLE EEof 'E7t48" tA]R]7}
g}t EAS HARlE Mg 959 Arduino
nano 33 BLE HEL 2l &) oS0 £7H480]

WAL a2 A5 AFAIA e

IV. Experimental Results

Arduino IDE[21] £ o] &sto] 57148 ThY 2x|o]
23+ TinyML application2 Arduino nano 33 BLE &
Cof gxjjeitt. 72] 1 TinyMLo] EAj¥ Arduino nano
33 BLE ¥.=0f| Fig.81} o] vijE{2]| S A2t Sof A9
Chl 520l 24T shgith. 29 o] SIS0 6714 79

P92 2D, oRASOINE 23 ANE 7S sHoic

4



80 Journal of The Korea Society of Computer and Information

\

Arduino nano
33 BLE board

N N\

Battery —> J

Fig. 8. Attach the board with TinyML to the ceiling

671A] f-goll tishA At BlAE Aub= offlet 2
.
Table 1. The results of inter-floor noise testing
Test True False
Category No No No Accuracy

Walking 100 93 7 93%
Random Walking 100 96 4 96%
Running 100 96 4 96%
Hammer blow 100 100 0 100%
Rolling dumbbell 100 100 0 100%
Desk drag 100 91 9 91%

Total 600 576 24 96%
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