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Development of contactless chewing detection application using tablet-type PC device
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Abstract : Dysfunctions of mastication and swallowing are caused by the growth in the mixed dentition period, post-
operative symptoms in surgical procedures, missing tooth/teeth, simply aging, etc. There is a dietary report on the reduction
of food intake due to prolonged chewing. Therefore, we tried to develop a noncontact chewing cycle analyzer, which works
on tablet PCs. After a face area is captured, the top far-left pixel was tracked to measure the whole-face transition and two
pixels at the captured mouth angle were picked up to measure the optical flow method. The mouth movement in the period
of food intake, mastication and swallowing, was recorded. The movement showed kinds of wave forms, which sometimes
contained irregular forms. But the compensation using the whole-face movement clearly showed the repeated mastication.
Due to the limitation of the calculation loading in tablet PCs, the range of practically measurable fps was 8 to 9 in the
maximum 30. We reduced the size of captured image and the number of pixels for the optical flow analysis, and chose the
effective edge-extraction filter for the faster calculation. The data captured at 8 fps were enough to record wave forms of
the mouth movement. Such non-contact chewing cycle analyzer is of value to evaluate the mastication dysfunction and

recovery.
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elapsed time as the number of frames captured, Y-axis :

vertical mouth movement in pixel. The inversion in color and the binarization in black and white were done on the

display capture.)
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Fig.2 Face-area detection (a, green square), and the gray-scale image (b). Coordinates of
the top-left corner and the height and width of the face area were recorded. Red
rectangular area (a) is the mouth area detected, as described in 2.3.3.
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Fig.3 Differences in edge-detection filters on the Fig.2(c) image. Images were processed by Edge-enhanced filters such as,
Laplacian (a), Sobel (b) and Canny (c). The inversion in color was done on the display capture.

Table 1 Comparison of edge-enhanced filters
Filter Speed (fps) Characteristic remark
Laplacian 7.95~8.66 Edge-enhancement is weak. Feature extraction is unstable.
Sobel 7.84~9.15 Edge-enhancement is much clear than Laplacian.
Canny 8.59~9.15 Speed is relatively high, but Feature extraction is unstable.
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Fig.4 A mouth area extracted (a). Two featuring points set at oral angle (b). The inversion in
color was done on the display capture. Zoomed images are shown on the top right.

Table 2 Coordinate dimensions to be allocated as a mouth in each recognized and captured face

region Upper left corner Lower right corner
X-dimension  Y-dimension  X-dimension  Y-dimension
Face X X+W Y+H
Mouth X+3/8W  Y+6/8H X+5/8W  Y+9/8W
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An example of (1) food intake, (2) a single mastication
(chewing), and (3) multiple mastication cycle (10 times).
The inversion in color and the binarization in black and
white were done on the display capture.
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Fig.6 An example of the repetition of mastication (chewing)
and entire facial movement. The flat thin gray line shows
the mastication period and the waved thin gray line
means the facial movement period. The inversion in color
and the binarization in black and white were done on the
display capture.
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Fig.7 Examples of (1) food intake, (2) mastication (chewing), and (3) swallowing. Foods are, a piece of chocolate ((a) and
(b)), a piece of rice cracker (c) and a piece of chocolate biscuit (d). The inversion in color and the binarization in

black and white were done on the display capture.

Vol.33 No.3 (2016)



r—=2ZXbdHotz. T, HELEPSHAAA TS
O, BEWDEIH LIS o TWwWBEEZLNSE, 30
L— MR ETHEITTL A EOENDE, A (FHER),
H, BROFELR EOMBRIINEY 2 &, WEEEZHKOTENTY
WEBICOEDE 720, FARDII VT T 7I2%5 2
Lot T2, FiQ7 0% 7570 %512, Hak+
HINIKELSHE, HWB2MH05 ATV @ENICRS S
EDEHhr ol EHIT, WETF ORSIZIHIESR: & & (78 CTIH
B D/RNSVEIZZTAHTEDNL N EDHRTE .

DL BT ELEDLIET, FADEREA
MO, BROMERICHEF L ERZEEZRTEL L
BTELEEZLNG, COT 7Y r—3 3y TlE, BN
FVTWEEEICHBIZL TWARVWEEZTWLEDT, M
EHIVEPILVEV) FHPLETHL, T2, EHE
By CFHEE DR 2B 2 bMER L. AT, ¥
TL v MK E DX o THEY A X0%b ), [EHE
WoEe s EDBEORMICHERE L. 4RliE, §7 Ly b
PC %# FIlHo Tz ML T, ZOREDHEHTEBT
EDLVATLAERBELED, HOY A XRLIEHEBOBRE
HE, FOBIEDLETHAIIAXT B LD %D
R, IOVTFET— 2 EoNns EBbNs.

F72, AENEYERE (fEhm) OADOHZOFHE Lo
1, ZohVHDEENDS EEEE, OxMIcEr»rT
(TYV2o8F) BENKELS D20, Xl (Bilhm) o
BEE L AL, LML RBENRZ D LR BT
5o EBIZ, FHITHIELETHELZEDFEFBIZOBHT
XLDTREVWHIEEZIOND.

HRHEROHMAR PR R I, 7277 HICEEBE L TV
B 72T T e W SRS R, HEM - EHEME VWO L
LI FE, XY 74 s (VF © Video-Fluorography)
Thh 5 ERLIETE - WETER O MH FIIME OB X & DG
EICRETALERFZLESD. A TIE LIRS
Hr v MY AFEBIRHER A V5 6N, FHmn
AT b NIRRT Th - T, X HmioRIRNE
22, AW L o LN RIER B OB B2 5 S8
THELLBHEXNOT—%, Whwb [0oLITET] (B
B B0 R) T ¥ — % D) 72 llE D Th
TW5h.

SEORT L DOIHBEESHETE LV AT 41%, @
ICRL72 5 OFFZEE TiT b M- IFZe[1112%, B X 3k %2
LI LR L2 AR %38
WL TR L. [HEAEEZE] el csl i L Tw
XA, 2RI o THLDOEMTH 5. MRS
EMGHEE, ARG OB CHERLTWAHDS, BRIk
¥, BEAhyry, WEEE, WEH Yy ok ek
HROFHN - HATIISH L7263 id e wvwEEZ Tw b,

AEIFEICTORFLEATRHETREZY 7L v k PC
VAT LI E b ol U, IHIEERRE O MR N A
DINEY) R EANETIEHESNTWENLSLTH D, PC
INT =% Y ARECTHABRRE L MR L T 5M5E
- IHE - T oMM Z M52 AT AN TE LT
Bl H b, Ty DB T ANV FIZOWTEER L2, ¥
AT LAEROMIEE #HH L TWDDIEZF I TiE% L,
E{GEO A AR O, HOBXICHESNLHEA)

IR T T A AN TA—DOT VT AL EBDbNS.

fEsh & L CARMFZEIX, Android # 7L v MR D 5157
WE2 6, EOMWM, EOME, P, 774
AN T7a—OFEH, HBRHBLOZOHELYERTET
TN r—varERELL. o7 r—va r T,
—ODEA, THEE, WT I TOEMERZERET—4% & LT
BTLIEDNTE.

W

SE ik

(Il HAREBZEE . HREBES 25 O5E (htpd/
sosyaku. umin. jp/info/file/info01.pdf) , website : http://
sosyaku.umin.jp/ (2016 4E3 18 H 7 7 £ &)

[2] Smit HJ, Kemsley EK, Tapp HS, Henry CJ.: Does
prolonged chewing reduce food intake? Fletcherism
revisited, Appetite 57 (1), 295-298, 2011.

[3] BARBEEZE R FS  REZTHEF &3 (hup/www.
kokuhoken.or.jp/jsdh-hp/html/user/), website : http://www.
kokuhoken.or.jp/jsdh-hp/html/ (20164E3H18H 7 7 £ R)

(4] HARBEBET U NEY 7— 3 a3 V55 FREAS
ROTHE 2013
(‘http:// www. jsdr. or. jp / wp-content / uploads / file / doc /
classification2013-manual.pdf), website: http://www.jsdr.
orjp/ (201643 H 18 HT 7 & A)

[5] 7R & v 0 B A BISEIC L 5 AT R § A hfF5E
— BB AHERA Y 4V —, RE#HE, 61
(5), 276-284, 1995.

L6] MAST-, M A, SR B - PRI
L LW NENEDO R, HAHIRR o R R MRS, 44
(2), 292-299, 2000.

(71 EPR, THREM, RBIEE A T7T1 v 7u—%
V72O D ) 7V 7 4 L50H, EFFHuiETS
Hfi i, Vol.113, IE2013-13, PRMU2013-6, MI2013-6,
31-34, 2013.

[8] Mg £ 7 F1), OpenCV, http://opencv.org/ (2016
FEI3IH18HT 7 ER)

[9]1 777 7MW Z A4 77 '), AChartEngine, https:/github
com/ddanny/achartengine (2016 4£3 B 18 H7 7 & X)

(10l prpfE s, #EE, BIEE RSB embiv 5700
DOEGILELIZ X %5 VDT (EERFIZ BT 5 Bk & M OF
I, Medical Imaging Technology (H ZR[E M {% .54
MeRE), 30(2), 65-72, 2012.

(1] FUSHIEREAS, RETE—RE, BEEk, KET7+, EHEE,
BAINAA, BIEE, INEEE, EAGE | g
B, 7 mARRGMIL, 70 Ty DHI, 59 mE) Mm%
W, 9.1 4 774 AT a—, T, 2014.

[121 OpenCV 70 75 3 ¥ 7 7 v 7 HlfEF — & 3% .
OpenCV2 70 rs Iy 77y, 45K, 2012

[131 OpenCV ) 7 7 L ¥ A= =27, Ty Il (Sobel,
Laplacian, Canny) http://opencv.jp/opencv2-x-samples/edge_
detection, & 77 1 AN 70—
http://opencv.jp/sample/optical_flow.html#optflowPyr (2016
£3AFI8HT 7 ERA)

/



