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Proposal and Evaluation of Micro-activity Recognition
System during Cooking Using Vibration Information

Obtained from Piezoelectric Sensors”

Tokimune Ishiyama

Abstract

Recognizing activities performed during cooking can provide support for people
who are not familiar with cooking or self-catering, such as suggesting recipes or auto-
matically adjusting the oven temperature, and in that way, facilitate the cooking activity
and help the person maintain a healthy diet. The methods of recognizing cooking activ-
ities are generally using cameras or wearable sensors. Still, there are concerns such as
the occurrence of blind spots and invasion of privacy with the use of cameras and a bur-
den on the wearer with the use of wearable sensors. In addition, cooking activities are
composed of micro-activities such as “cutting,” “baking,” “boiling,” and “stir-frying,”
making it difficult to recognize cooking activities with a privacy-conscious method
other than a camera. In this thesis, we propose a micro-activity recognition system
based on vibration information that occurs during cooking activities, using a piezo-
electric sensor that has the advantages of being non-contact and having no blind spots
while being able to protect privacy. In the proposed method, after preprocessing the
obtained vibration information, it is converted into a spectrogram and then into two-
dimensional RGB image. Then, by using machine learning with ResNet as the input
data, we recognize the micro-activity during cooking. To investigate the usefulness of

the proposed system, experiments were conducted using the system in a smart home at

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and Tech-
nology, March 17, 2023.
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the Nara Institute of Science and Technology. Specifically, a pilot experiment was con-
ducted to collect and visualize vibration data during the cooking process using actual
ingredients. As a result, it was confirmed that data with different characteristics can be
collected for each activity. To evaluate the ability of the proposed system to identify
micro-activities during cooking, an actual curry, dumplings, and sausage cooking ex-
periment was conducted and cooking activity recognition was performed. As a result,

2 2 ¢

it was revealed that six types of activities, “boiling”, ”simmering”, “steaming,” “bak-

99 ¢

ing,” “stir-frying,” and “others” could be identified with an accuracy of approximately

50%.

Keywords:

ADL; Micro-activity; Smart Home
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4.2.1 E5EBM

ARFEFRTIE, 3TETRARZTEHRIR S AT LOEMEEZBGET 2720, f*REY
AT LEACTITERGRERZ1TS. MATARFERTIX, THEBRCHERL -
KV AT LEFHAUZFIETH 20 FED, EEORIEG D<A 7 af7H8) %
T E DT 572D EMT 5.

4.2.2 EERZMH

AERBRIE, BREEHAAY—MR—2HNOF Yy FUIRES AT LEREL,
EiT 5. Av—bFE—54I1%, 365 HW\WDTH In-the-wild 72 B5E & fH7E U 7= Bk
MTELH77-0, KFEDOEBGHHE LTHELTWS, 72, #BFEHEIZEIET A b
T — R TOMWREELZ BT 2720, E Y Y a  IZXBREEEFEMT 5. BT,
BIEE, ANiZ[E—& U, Leave One Session Out ¥IZ X W MREFET 5. F7-, Ui
X BIRBEVSFOBRD SINZR EXE2 2 2EML, ¥V &3 EICERE
DEH D 200g 2 FH 5. Roland Rubix44 % FA\WT, ¥ > 7V v J M 440kHz D
R#T—2%27y 7Ny 7 EIZEERT 5.

4.2.3 ERFIR

WEREL, HL—, BT, BLOUA Vv F—2EBRICHET 5. EERTONR
T D RIEATEN, TR, B, AT, KL, BB, TOMO 6 FEEOITH)
35 WHETHREIY, ~ABESLTHDI L E2AHRIC, BBARETHSZ
& & —fRITRIEATE) [30] 2L TWA I 2 BB UIENT 5. BRIV AT A

%, FHETEN AT D AN EIEE AN, FEETEORE T — X OHS AL,
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A7 T %, R IC & 0 HETEI 21T, IREV AT LAZMAL TR T — 2 %
HET 5. AFBTIE, ©vYay I Loty HRIEOME EIINT 5 7 DI i
JLFRIZ min-max AT — )V TOIEHYLT 5 T RkZ1TS. 61T, RV AT L TH
BURIRE T — 2%, THERCTHRL 2R TFEE2RHL T 2XoE Bz B
TS5, AT, ARRTIE, 2%cHEBE CNNZHHLT, RElO~1 707
BaRdaRah A L, B, R, NEA—& UZh— LV R7 7 MEERFTS. £
7z, FEBRORIAZNRLT 572012, T—REDRLWVMTE L DIRNTEIDZEAK
E< kB, TDRD, RlET -2 NDOHFL LT, DT —XDF—1N—H% >
ANV A TN

424 BREER

3112, BMFEEZITOHRLZERZRT. ZhiE, 3y arnds
tyvarvl, 22 %¥EF—22 LT, kvyyary3aTFAMNT—XE LU TH#N
U7-AEROBEETHITH B, RIKD Accuracy 1% 0.572 TH 5. BKEE & W7
B RS TRTHD—4, KT 78X 1% THo72. T0ix, [EHb] 17
B, AERIZBVWT—BEWTEE R >THY, ZLDF—X2AETLHIL
MTE D, FERNCPAED T EL, EHEES RN EWwEEZ oD, —7,
(789 78T — X ERDR W LITMA T, iomez > T8 gL T
MEZE BB L TH o OEIMEW. FD7zs, FHEAEFIRETH B4
W, FEREUT, TR ORMEEFETETES T, BEMEWEEZ SN 5.
E7z, AETIEEMFEENRE —MIZFEFRL TWEAY, HELES AT LIZEWN
T, WRE 2% BRI T 2 2 e BBz R B2 605, £z,
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5. iEim
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