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Examination of the Visualization Device of Skill in Handling
the Kitchen Knife Using 6 Axis Motion Sensors
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Abstract

The recording, analysis and visualization methods of kitchen knife operation by 6 axis motion sensors were
examined.

The sensor module with the size as much as the handle of the kitchen knife was made to do. It was emb
edded 2 sensors which record movement in the module at the same time at both ends (blade and handle) of
a kitchen knife. It was connected to the Raspberry Pi2 model B which was prepared as the platform where
the module is controlled by I2C interface and recording device was made. And then, recording condition of th
e device was considered. When recording rate of equipment was measured, it was confirmed that it can be r
ecorded in 445.03 - 395.10 Hz in transmission speed 400 kbps. As the result, recording rate of kitchen knife o
peration was determined to 200 Hz (sampling rate 5 msec).

The operation of slicing of cucumber, quarter circle cutting of carrot and japanese radish, rotaly slicing of j
apanese radish was recorded using the device. And then, The signals were applied to a fast fourier transform
ation (FFT) and compared.

Power spectrum of all operation were concentrating at frequency domain lower than about 15 Hz in the acceleration
and the angular velocity. There were clearly differences of power between blade and handle side in spectrum
of accel but there were slightly differences in angular velocity.

Characteristic overtone ingredient was detected in power spectrum of thin slicing of cucumber of the accel
and the angular velocity. The characteristic peaks were detected in accel and angular velocity spectrum on a
xial direction in quarter circle cutting of carrot. But characteristic tendency in spectrum was not detected in
quarter circle cutting of japanese radish. Angular velocity spectrum of axis equivalent to arc movement of the
point of a blade was detected hard in rotary slicing of japanese radish.

These results showed the device is possible to detect the future and visualize of kitchen knife operations.
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Fig.1 Apparatus for recording operation
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Fig.2 (A) photograph, (B) size (mm),
(C) detection direction of accelerometer
and (D) gyroscope of the sensor module.

10T 79 v b7 #—2k L TRaspberry Pi 2 model
B (Raspberry Pi Foundation, RPi) % H&E L7,
FRL—F 1 7Y A7 24 (0S) 13Debian Linux
%JC12 L 7zRaspbian GNU/Linux 8.0 (jessie) %
MM L7 2 ZICEHIHAWebS 8 —7 =2 — X
& LT, Apache2 Web% —/3Y— (24.10), php 5



B RS T U R AR e AL 2

B ATBHE 15 (201743 )

(5.6.24-0+deb8ul), R (331) %4 ¥ A F—IL,
FHIERBE DM 2177 o 72,

ZZIZIEC (I2C) £ ¥ 7 —T7 2= A% W T
6#iE—3 3 v+ % — (InvenSense Inc. MPU-
6050) "% 2Mf 574 ¥ —F = — v A THEREL 2
(Fig1)o 2o ¥ =727V V7L — FTER L
ToEARPIIND, BiKD720R) =F L Vg T
HAL, vy —FYa—nE L7 (Fig.2)o
B, WEEBIEIRRA ZRBECHHTAZ L 2%
2, Webf v —7x—2A%HEL/ (Fig. 3).

B, FREEEL LTCEEY vy, ARG
VI T RS L. 72, RPiktH—
W o@EEIE CERRIILH AL (GPIO) 1 ~
¥ —T1—=AFA4775)Tdh’b WiringPi 2"V %
FIH L 720

< im} 192.168.1.17 & t
WU T —F RS AT A +
» EHHIBEMR

% 4 B HITERE [ 2250070 <
AEBERIEHE | -2 <
HER (B)

*EHORE, 10DEERL T

7 74 VA

*EHDES, HEDGHEIMC? 74 V&5
oy

[z |

o BY—F 2y T | 0AHEEDE (AFAFzvT) |
AEHREPHERA2E L RS T —miIEfT>T
(¢ r-2%

Fig.3 Web interface for control of recording
apparatus.
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Table | Cutting technique

food samples technique
cucumber thin slice
carrot quarter circle cutting

quarter circle cutting

japanese radish rotaly slice

3. STIREDEER - BBEE

ATty F—FEYa—Vvaeta7y v
7 — 7 CHEE L7,

ZoW T H, ZEEFEOY) ) AHEBEFO
R B L N v =7 — % (RE, 3@k
FE, SEMINEEE) #CSV7 4+ —~< v hTitdkL 7

ZFDOCSVT7 7 A VERVICTERL, BAEMFENT
AT o720

M. #R
BV T7UVIERDERE

U —FITHER OB 27— & 2 WE L
2T o ZD72, BTN R
TT—F %l (Fr 7)) v 7)) TEIUL, P
BT BRA G RSN K VTS5 2 &
MUHEE 72 b

LoL, EBOLZ A —OBEERE - 7
Fv b7 — A EOWBEFERE - EEFOT—4
I - 70T ADFETHRELR EIZX ) HIRE %
J %, £z, ZOHF 7)) MRS 51
E =y mI3EmT 5, €00, @YY
T 2 TR e RO B D D B,

I2CA v % — 7 = — A131E#E (100 kbps) 5
INAAE—=FE—F (34Mbps) F TOHEERE
WdHb, LrL, vy —MHloidraEsiEEE X
77 —AFE—F (400kbps) FTH 5,

RCoMfE 7T b 2Tl 1byte DH %15
72012, BWEbET19bit, WA 9 bit 2%
T5, v -0 N T—FIT1HBAIZOE2
byte (16bit) TdH b, TN/ 1HHD F— %
FMAMYIZ, TO2fTH 5 58bitx T 5
(Fig.4 ).




6T — a vk —2 HO 2w THAT O WAL E O

START  R/W STOP
M7 W 8 W 8 MWibit

address register data

Fig.4 12C data transfer format. R/W: Read
or Write

LU= 121I0%, THEOT— ¥ 2o/
O, ZBTOT—F Y IAKIZIZ 406 bit *EF 5
Ll b, E6IT, AWETHRT AL v —
EV a2 VIE2EDOL H—EHNTWwW5E, €D
728, HALEERIZ B A lE =1L 812bit TH %,
ZFORER, HEH#EE— FTid 812msec (12315Hz),
77— A ME— FTIt203msec (49261 Hz) 7%,
o7y rrr—1+ (HER oRFRLEnL,

FIT, FHY 7 b = 7 R R LR
B, BEHREZEHEL Y T) 7 L—F
EH L 72 (Fig. 5)o

15 0
T 10
e o
g
S o)
T e
0l | | | |
0 100 200 300 400

Frequency [Hz]

Fig.5 Changes in transmission speed [Hz]
on sampling time [msec]. Symbols and error
bar indicates mean and standard deviation.

400 Hz £ Tt =7 — b % C&LE L TH
fEL, 34> 7)) v 7 ki 2389 = 0.142
msec (44503 - 39510 Hz) & 72 o720 ZiLIT#H
FfED849T% TH V), RAEHIHEZERE T 5L, T
ZBRFUS R VEECTT — Y BRI RETH D Z &
R L 720

ZITHRMERESCRAT, #EE— F%Z400
kbps, > 7)) v 7Kg % Smsec (200Hz) T
RLERT B LD, Tu s T ANOREL IR & PR
L7z

DT RIEDECER & BRTEDIREY

Far)o/naYy, AZ - KiROA F374Y)
D, KRoOEGXIZOWT, MRS HSYDOLT#
ez Redk L7zo MEREE 7 — & (IS E IR EAE
INb70H, RCT 14 IVFICX ) EIIMEEZE
BHL, xR BEWeY, 2LT, EHE7—1)
T (FFT) %477\, /AT —AXR7 ML %
B7zo BB, HTREDHVEEESS L, BX
Z 15 Hz RifiIZPBRES N TWI/280, AFTIEZ
ML EDREEH IZOWTOE RIZ T %,

AT ORMEE HNENZ BT, IR TldEW DS
TEFREN7/zAY (Fig.6a), FMEEIIZBHME 2 E W
EREO SN 72 (Fig.6b)o

HERED /ST — 27 MV T, £ iz
BWwWTh, X, Z#h (Frrl, £ oEH) 12K
EHEVWIROON o7, UL, Y (E
ToEE)) (2o TiE, Nl (sensor2) ZIHK
JE W, W (sensor 1) (ZIXE B D734
{EEINTW ThuE, NEIOEBNZ R,
MOFF B NEEZ L TWDHI EERLTWD,

Fay /MO0, HEE - AEEO AR
7 bvcHiz, 4, 8, 12 Hz fHiE TR L 78
RO BTz, T OMEFIIINHEE TIEHN O LT EE)
(Y#l), fA@EEIINOORYES (X)) T
iR BTz,

ANZOAF a7 TiE, F2v) FEkE S
BrEBO SN HO0, FOMEAIT/NS v, FE
2, IERED/ ST — 27 MV T, X, Yt
2, 2 Hz RIS E— 225 ), 4 Hz
D EDE D25 > T bR E %) 5,
—7J5, FEEEIZOWTIE Zih (XY 0 NED
MEGES)) OFREEAS, M2 IR I12E < B
TWwb, ZIUIEEOMEET, NEDINZ i<
LOIWEBT L2012, N AE (X
) RUTOME (YE) 12232 & 2R
LTwb,

KROAFawnix, Fav) - AZE4LL
Rz ZEMDE O NTz0 MAEED/NT — AT b
VTIE 05 Hz ¥ — 223, #nD EDJE
WEAH TIIE AT =B LT D, M




B RS T U R AR e AL 2

54785 15 (2017423 A)

cucumber (thin slice)

500
400
300
200

Power
[

[ X axis (forward and backward)

Y axis (upward and downward)

215

S S

|
carrot (quarter circle cut)

300
250
200
150
100

50

Power
0

3

0

M X axis

Y axis

japanese radish (quarter circle cut)

300
250
200
150
100
50
0
300
250
200
150
100
50

Power

X axis

Y axis

_'\“klw‘w
5 10 15

0

0 5 10
Frequency [Hz]

15

Z axis (right and left)

A
% sensorl:

handle end

M

: 7
% sensor2:

blade end
M
1 I i
Z axis
sensorl:

LA A

sensor2:

sensorl:

L

sensor2:

ALITERPI

0 5 10 15

Fig.6a Power spectrum of accel in kitchen knife operation by FFT
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Fig.7 Power spectrum of accel and angular velocity in rotary slicing of kitchen knife operation by FFT
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Fig.8 Power spectrum of accel on y axis
in quarter circle cutting of carrot.
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