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Rice Intake Estimation Using Image Features
Haruki Umemoto
Abstract

Physical conditioning is important for athletes. Diet is as important as weight
training in bodybuilding. Diet not only shapes the body, but also leads to
increased risk of disease and injury due to nutritional imbalances. In addition,
unbalanced nutrition leads to an increased risk of disease and injury. To avoid
such risks, universities provide an athlete's diet that takes into account the intake
of each nutritional value based on the standard values set by nutritionists.
However, in the athlete's diet, the intake of main and side dishes is determined by
nutritionists, but the amount of rice intake can be determined by the athletes
themselves, resulting in low rice intake and poor physical conditioning due to lack
of interest in the menu or boredom with the menu. To address this problem,
there are menu recommendation systems that take into account constraints other
than nutritional value, such as not serving the same menu items consecutively to
prevent boredom, but they do not directly consider what types of menu items are
actually consumed and how much rice is actually consumed.

Therefore, in this study, we considered that the color of the food is related to
appetite and estimated rice intake from the images of dishes. Specifically, the
system extends the existing menu recommendation system to estimate rice intake
using image features of each dish from among candidate menus that meet
nutritional value and other conditions, and to recommend a menu that maximizes
rice intake over a certain period of time. There are two issues that need to be
addressed in order to realize this method.

Extraction of image features of dishes

In athlete diets, ingredients are limited to keep costs down. As a result, dishes

tend to look similar. It is necessary to extract image features that clearly

characterize each dish from similar dish images. Therefore, it is important to
find a suitable image cropping method for feature extraction.

Estimation by regression model
Since the menu consists of multiple dishes, it is necessary to integrate the image

features of multiple dishes to train a regression model. In addition, the learned



v

regression model should be used to estimate rice intake for each combination

of dishes that satisfies the nutritional value and other constraints.

For the first task, VGG16 was first used to acquire image features by loading an
image of an athlete's diet. The input image should be the entire menu, which may
lead to a decrease in prediction accuracy. Therefore, the images of only the main
dish and only the side dish were cropped. For the second task, to train the
regression model, we collected not only the images of the dishes as the
explanatory variable, but also the rice intake as the objective variable. However,
since some players decided their rice intake without considering the menu, we
selected players who decided their rice intake after considering the menu. The
average value of the rice intake of these players is treated as the rice intake for
each menu item. Next, a regression model is trained using SVM. By concatenating
the image features of the main and side dishes, image features of the menu were
generated, and learning was performed with the feature values and the amount of
rice intake. After training the regression model, the system generates image
features of the menu from a list of recommended candidate main and side dishes
that satisfy constraints such as nutritional value, estimates rice intake, and
recommends a menu that maximizes rice intake.

VGG16 and SVM incorporating the proposed method were implemented and
their operation was verified. Contributions of this research are as follow:
Extraction of image features of dishes

Image features were extracted by vgg16. By cropping images of only the main
dish, rather than the entire menu, the similarity per image was lowered by 0.12.
The main dish and side dishes, not the main dish, allowed for a 0.01 lower
similarity per image.

Estimation by regression model
Estimation was performed by SVM. The accuracy for the main and side dishes
is -0.11. Accuracy was negative, but main and side dishes improved over main

dishes and the whole plate.
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ZHUTT L— P RERIE LB 10 O X S IKRER, E3%, BIE, 1, 79—l
Ll7= X 5 72D 7= DB Z L DEN DI o TLE S . £, KEEBEEZ
HELTZWDIZHEDL LT, KO BERIZIRVIAATLE S, Ko T, FRLAEI
KOHEGY HT 2 & CHGFHEREIC S ZDNEEN, KEDBBRY AT Z & 72
V. EBIE, ERLAMCHIK 1L O X 5 (AR TR EY L 2SS S8 T
W< ZHAUEIR CEZEOWEBR T H M X 72 EE D 2 CHGFHBEN R 57
0, HEESNDRBIRE LR/ TLE Y. ZNERT D720, BEEOTATE
B L7Z B ORISR ESY SIMICFEE S5 2 LT, mAOEVOEELZITTI,
M BT 5.

X 11 [BHECPA TS 8 S 7= %
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4.2 SVM R W =%E

SW CEIEZHET 5121, 331(¢&t AR L 3. 3.2 O KEEER
BAZBHSERTNER LRV, ZOFEEFECHOVWTELLLHHT 5.

BRI EIT SWM %%ﬁ#é774/v}:@9 77 ATROTND, KEE
BELHDOTZ 7 ANVTIUANMIEEDTND., ZD225% SW OFEITETHT
TAMIA AR— T2 2 LT, EgRFHEEEORBIEREEZ AV D 2 &3 AT6E
Thd. £L T, 12, K13 DL O REGFEE, KEREXZNELOE
BIRAT L. RICFEEH T =2 L TP 272007 — 2T T 572012, 58
S D ERRHEE EORBEREORE A ET 5. 2 2Tl 3 DOEEFHEE
KEHERELY L —= 7T —XIEETH. T LT, FENRPoTm 20T
OGRS E & KBEBERED TR 57007 —2 &b, $FET—2 L
LThb—=2 7N AEBETEREL TS, Zy AR >TLED.
ZIT, FUFLESTEDOBBAEMHT 2Ty v 7 LITEIREN S
LOEIFNGIAFIRINREND L2225, ZOEREN ML —=2 7T
— Z HAEREA T D 2 TSMICHEE SEDLZENTE S,

4.3 SVM #HW=H#5E

TR ERIEENEN OB EORICEIL 25088 ThDH. N rEfEI &
D728, SW THE S 5 BHGRHEEORITTEIL 50176 &£ 725, Z OB M E
ERBEREOT NS N L—= T =2 LT A NT =X TDH. T LT,
MNo—=U 77 =2 %I T A NT — & OEIGFFEED O KB REEZHEET
HT Ll
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$E5E Sl

5.1 KEREMEBEDOHERE

SW CIEEYFET /VORHE O B2 & 72 IR EREOMEGRN TE 5. Z OWRER
BIXLITEWZEETVOYTEIEVNRENI EETTHDOTHD.
5.1.1 TFEICE D HEE

TR OB FHEE D AT SVM IZ7E S, FEERICHG RS R b KRR B
DHEEZIT . ET1E, KERENERK ThHoT-A=a—LE/NTHoTo A=
2—DHEEEITOENL BV ORBENEEND DHERT S, KARERER KD
TN 5402 THY, /DN 3432 ThHoT-. HET LIZFHER, KBHERER KO
FROHEEN 513 2, F/NOHETENE 495 g L7e -7, KEFERERE KO F L O
2T 27g, KBERER/NDOEZDOMBET 152g L7 7-. Wﬁ@f%?@:
ZENHEVEENRDSTED, B/NOFEETOBRENRKELL 2o TLEST.
2L, KEFEEES R/ N FRIFIZ S EAORME L H Y, R OB EEIL5E
3438 LV ZhoTc bz 5.
5.1.2 THELBIFEICEDIHTE

FR RN ENOEBOREEL KD, #iE L FHEEE SVM 1258 &
H, KBHEREOHEEZIT . ﬁ%@,%%ﬁﬁ%ﬁk®%::—®%ﬁﬁﬁ
502¢g, /DA =a2—0N480¢g L7xo7-. KEFEIRERKD T EE e
1L 38g, KEEBIER/NDOEXRLRIROREIT137g LTz,
5.1.3 FL—MZEIHE

A= a2 —F_RTRT L— MIES> TODIREDEG OF i EA SVM 1I25%H
S, KEEIMEOHEEIT O . FERIL, KBEIRERKD A = a2 —OHEEEN
5308, /INDA=a—3488¢g Ligolz. KAHEHER KO L— FDFEEIT
1g, KERER/NOT L — MDA 1458 Lo,

5.2 H—=R )LD LB

332 T L7 —F i & A 723 0, linear, poly, rbf, sigmoid,
precomputed 72 EOFEEEN & 5. Linear |34 ER, poly 132 EEA, rbf 1%
AR, sigmoid 1Zr VAT 4 v ZEREET IV EFE CLAB ATV,
precomputed (37 — % BRI L > TEIEFLOBEIHWS. koT, &
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[6] precomputed (3720, FFLOHEE(E T linear TOHYETH LS. ZibHIC
F o TREMRBCOHEEME D ENTZT BT o0& LTz, EORERD, & 4 &
K5Thb.

4 RESREL
LB linear poly rbf sigmoid
E Y -0.25 -0.34 -0.32 -033
F¥ LRI
-0.11 -0.35 -0.35 -035
ZL—F
P -0.96 -0.37 -0.37 -0.36
# 5 K & R/ OHEEE
HHEE linear poly rbf sigmoid
NS
L 5138 500 g 502 g 5018
D
BROS 495 g 498 g 497 g 498 g
EXLHEEE | 5028 499 & 499 & 499 &
480¢g 499 g 4990 g 4990 g
7L —t 5398 5018 500 g 500 g
eI 488 g 498 g 498 g 498 g
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FOoE BE

AP CEERICEBREED O RREBREOHEEIIATO 2N TE. L
L, SVM OWREREN~ A FALIpoTLEY, EEICBEBIZRDHEE 1T
ol T2 EORBEEHERIL, BEEOSEATERE) LG CHEMA A ECL,
T —H B L CATEN, DT 0 LOREREIER L L7 oK &
LTEZLNDZ LT 2b 5.

FP, aXAMOHEMNPLELLMETHLIUC LI BRA =2 =02 N & ThH
L. TAY— A TOXRFERENEMLRZWNEKO—D2>THLHD A = o —
DEEEINHDH LI, HFEICEFEILBOH BFEL TV, F£7, 12 D
X0 ICHG RS E 2 BRIROTHEPEN SN L O TH, KEEREDZIT 149
Elpole, ZOZEND, MIBFHEEIZENEEN DSOS T AEEERH 5.

K, BFOa T4 aNlonCThD. 77— LR FITERET
KFHERELZ RO TWAD, ZOMHOa T 43 a3 Ak TEPDOBREND
HEFHDEND EHERIT 5.

2O X9 R BRI EHEERF ORERED~ A T A>T LE -
mEEZS.

ZOHRTYH, EREREROPEREDDOTNEN 1 FEWVWbO LT, %
LT, 7b— hRENPRIL D FFBEDENNS NI NG, RERENMEL 2o
7-.

TIVE T, NS SHERIHERE > AT A &IEH L, BREFEED D KR
WEEZHEET D Z IOV TIRRTE N, 5%IE, WOIHEEIC W T o
PEH I, KO KREFEREOHMA~OBEMLZFHE L T R&EThDH. B
(ITRERE Tl T 2B A=y U THOEE O R v U — 7 ZAER L, ERE
DR NVING KRGHEREEZHEET D, Z OB hL & BiG S EDO XY
FMLVERBEDE TS 2T, IVKEOEVKFEREOHELITH Z &
MA[REL 72D,
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F7E BbHYIC

Z OARFIBIREOHEINZ B THSIHEE 2 5% S HI2RE L T < 72Dl
BIEEO 7= B2 T2, BROHETELBE L W LERSHSH. £, HA
RFREZ T BAIVIZRRIHEEE X2 < H DD, RAEIZIHIT 72 DTz,
WFFEDNHE 2 TVTIE, RS < 0 RNEE R AR —Y OIRCREFE R 2 B i) &
T HEME i ER A T EN DD EBE XD, AL TIE, 7 AU — FROX
FAGLHEREICEE L, RIEREOL VBN HEEORZZ ANE L, 7o —
FH AT
HEOEZFHEOHE

VGG16 7> O IR RFEE 2 i U7z, BT A = = — K70 LR 2 L OF ¥ E
DENDIRL IR DT80, EROHZ OB ZEI D Z & T, EgHE OB O
BN 0. 121K F Lz, 7, EXRERIEOLA, EXOALOMEE LY B O
LLEEA 0. 01 X F L 7=.

BIRETIVIZK BHTE

SWAZ Z o THEE LEEBRET VERHWTT A F 7 — & TG 2 /MGEE L
L2 A, FRLERBIFETOWREREDN-0.11 2R LTI, IREREN~A T AZR
L7=2boo, EREREOFNERSLTL—F2ELD LA EL TS Z &R
R STz,

F7o, BIERBEEOT7T AY — MR TITH E KO ADORL L 725 TN D728, B
TRTFANEZ, BREZ LTI b0, 2L oA IIREOARIZEA
TREZIRD. FRIITFEROALLR LT, BERLHEEENTHY, TAU—MZ
BELWA =2 =R b TS, LrL, FEAEREFREOm#KICZ LL,
BETHZEXTOWDRDNLRVERFERZD. Lo T, KELDOHFR LA
Hx DBEDT RNAL A 5o TnD, ZORMBEICHSIHEE RS- 25 %
L. FTHHE LTCEOBD A = o — 28 X, NERFERIE, ik
NI AR BHERELTHH 9. T LT, ZOEHR EOEBRFFEE) B K
BN EZHEL, BREOZVLOEELE LTRET S, kv, FE
ETHLHESSVDIZDIINT U ANRRL, < OKRREBEBRTE D2
WTRNDIENAREE 72D, S BIT, ZOHE I CHEERHFHTH Z &
T, RSV DOTDOBREEZIFETHENTED. Lo T, AkTHEEZ
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EFHLRBFHH TREBENRT VARRN DN OKBIEREDSZ N TR R 2 /AT 2
ERA[REL T2 D,
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AW EAED DITHTZY, Bl THE, TIE 20 £ L7 Lz
(TR L B ET. e, RIS L T ES o ek — RS A, RIFHLER
Sh, BB GBIERIT > TV D R HEENFFEE ORI O L 0 EHH L L
FET
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