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Images using Hybrid Deep Learning Model

Abstract: Consumer’s demand and interest about information on food safety and ingredients has been
increasing recently. However, the information on indivisual foods can’t be obtained easily. This paper pro-
poses a method and an application for obtaining information on the taste of fruits from their images using
Deep Learning. Peaches are the target of this research because their sugar content is directly related to
their taste, and they are often purchased at the wrong time compared to other fruits. The proposed deep
learning model is a Hybrid Model combining MLP and CNN. The model outputs an estimated sugar content
value by inputting an image of a peach. The application sends the image taken by the iPhone to the sugar
content estimation server on AWS, receives the estimated sugar content value, and displays it on the result
screen. The performance experiments of the model and application showed the effectiveness and issues of
the proposed methods.
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Fig. 1 Questionnaire on desired information

when purchasing fruit[2]

THEREHZ N TET, REZEHLPOP REDET
TOWRESDVWTEBNICHEALTWSEEZLNS. &
7z, FN5DOIEREMEICH 2 HFIERY — L ZAREDICA
FTEBE51CER-sTVRN. 2, HBEOALLT,
TR PER RV O REURF I 0 HAtied 2 BRI - T8
D, PREREZ RS 2 2 e AT E BZAEEENED LR
LTW3 [4].

T, AR— b7 3 U RYICE D REYONEEIRY
DRI TBOL IO EMEMET S 2B TEN
X, HEEZIDBOLWEYZAESICAFT 2%
5ZeBTEL. ¥, EEBIBEELRRE T LI TR
VOB T 2BMEAF TS e TEhE, B
72 & v b YR AR 2 B 2 2 e ARTREIC AR B & B
bid. INHDY - RAEHD-DICEELRERL, &
HLENRERr S ZDBW LI EHEET 28 TtH 5.
Z ZTCARMZETIE, RUOBWLXE2RTIHERD 1 OTH
LREEOHETFIEERET 5. BRI, A~v—1+7 %
VTERE L2ERE AT e LT, REYE % O RS
EETIVOBHEEITS. £z, REFILCTHIE L -PEEHE
EETNVEMBAALE T PV r— a VIZOWTIHRR 3.
SENZ, RYobTHEENBWLIICERKLTED, tho
RUNHARTHEARO Y7 D AN Z 0 b e %
WRY U TRIRT 5.

AFEOMBIZLLTOEY TH 2. 5 2 HCHENLE - %
MOV TIBR . 55 3 BETHEHEE T VITOVWTERSR
L, HABETZOREEHEET T VEMARAAILET TV 7 —
TaYiZoOWTHHT 2. H5 B THEHEETAVRDEY
FUr—a OFHEICOWTHR, B6ETEL DB L
UESHDFREITONWTIHRR .

2. BEERAZR - £l

RY)OPEE 251 2 ETIERMW o T E 7REERT &
LT, RYeksze UTRIRL it Zalkle L, &R
CERNBERYORE 2T 2 2 & THREZFHIT %
JBHEtE T oM. 7, EETIIRYOREITIER

(© 2022 Information Processing Society of Japan

Vo0l.2022-CG-188 No.14
Vol.2022-DCC-32 No.14
Vo0l.2022-CVIM-231 No.14
2022/11/18

MELT Ty —TilF 2 2 & TR EBIEE I
FER G 2 IEBSEREE ST FHV S hTnw3 5. Lo L,
I OFEERNIE iz, HEENFEHT S ik
LW, ABFBETIX, Zflie Z~— k7 > % 7= Rk
EOHEEEAITS.

HESE 2 O TEBIEMOEMES2 7 7V r—>ay
DOFIFICEE T 2 BEZE Y LT, RADICX2REYE %
HW/e7 R 5 R OBREESEFIEORE (6 D 5.
DOIFFETIE, 7HRD ROWEE D L IBREFE % 4 B IC
DL, ANEBRDPS 7R FOBXREZFRILTWS.
F /2, ANE{RICH LT YOLOvV3 ZHWT 7 KA &M
HLU T OBREBEHET 27 7V —> a YRR
LTWwWa. AL, ANEBRED S CDIREL TELL
ENH 570, HEENBEMEBATIRICHEHTSZL
ERETH 2. AAFETIIRAY— 7+ DI X T EHN
T, ZOLCHHMEER Y 7V r— a Y ORFEEITS.

T, MREH I 27X T 4 ICX2ERLZDR X
277V [T 23HB. ZO7 TV T, BEFOHY, &
YioHk, ik, BEK, SR, SRR OEREHEE T 2
TENTES. LA,L, RGB LRI AZHWEHE
WKHEE->TVS. AIETEERDOL A 25 48 X 0HE
BREDBDOEHEICHVZ Z T, EOBEOEHWT 7Y
F—aliEHET.

3. FREZEZAVI-EEHTE

RGB b 2 } 7' AIZHIEOBEEL S D HEHTH %
LEZONDED, LA MNTLEHIZBWTEREOHE
ERIIRTV. —f, HEOZDDHDEHWE CNN £F
JNC K B PEREHEE W, FRIMEEIC X D 2 OHEEMEREICIR
Wz Z e AL (). & 2 TARIKETIE, X
275 Lk O THko ElE D & BEEHEE 217 5 g,
CNN CHAFAZMF L E R Y O E LRI L HEEZ1TS
e HE 2 HE LT, MLP 51 ¥ CNN EF L%
BLIENA Ty RETAZRET S, UHEBEZX 21
Y. R SN HRERICN U, BRREIE B L 21, b
A NS LEHREITS. TOBANT T L% MLP £7L
~, PkEi{HRE CNN EFAANZRENASI L, FEEHEEME
2T 5.

MLP(Multi Layer Perceptron) (&, @8 DARARI 2
AHATHZ =k Sy (ma—arEFIL) 2EK
DEERICLEDDTHS. LRI 2R EEFR
FEEEZLINZ 05, AL TR MLP €
TR L. BRI, MLP 7 L3S EE
BatchNormalization[8] TH{ N TH D, HEMHELEIZ
Relu BIZE W 3. R TIEPEOREICHEET 2 REH
DEIDPPERICEE TS EZ, RGBR NI F L%ff
M35, EREESCHEDOZLSFEEOZ(ICEET % &
EZ, HSVe A M5 02l $5. Zhuckb, AN



BIRLIEF R RRE
IPSJ SIG Technical Report

B
r —
CNN

-—) 9.8
| W

% —— MLP

RGB&HSV wREF,

2RSS INMIFTYYRETIL
2 JLPEEE

Fig. 2 Outline of Processing

agew) 1 ndu
£a1N
sio3

I

<)
5
S
3
13
B
£l
2
K

uonezijewIoNyIeg
anjen :1nding

uopez|jewloNydIeg

weigoysiy < 1nduy

3 "A7Yvy FEFILOBER
Fig. 3 Diagram of Hybrid Model
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Table 3 Evaluation Result 1 of Hybrid Model

TAMTF—X MAE | RMSE R2
7T—2X 1 0.3557 | 0.5902 | 0.8875
T—X 2 0.4414 | 0.5766 | 0.9222
7T—2X 3 0.5322 | 0.6929 | 0.8516
7T—2X 4 0.3577 | 0.6397 | 0.8718
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Table 4 Evaluation Result 2 of Hybrid Model

7 A+M7F—%& | MAE | RMSE R2
F—X 1 0.9734 | 1.2099 | -0.3985
T—R2 0.8245 | 1.0604 | -0.0742
T—X 3 0.8880 | 1.0949 | -0.1452
T—X&4 0.8322 | 1.0542 | -0.0618
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Fig. 13 Learning Process Graph Example (after adding data)
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Table 5 Evaluation Result 3 of Hybrid Model

TAMT—X& MAE | RMSE R2
7—x1 1.4794 | 1.9130 | -0.6791
7= 2 1.6722 | 2.2713 | -1.3670
7 —X 3 1.4918 | 1.9865 | -0.8105
T—2X 4 1.3016 | 1.6932 | -0.3155
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Table 6 Evaluation Result of the Model after adding data

TAMT—X MAE | RMSE R2
7T—X 1 1.7418 | 2.2258 | -1.2731
T —R 2 1.9849 | 2.4978 | -1.8626
7T—X 3 1.9636 | 2.5245 | -1.9241
7— & 4 1.7899 | 2.2097 | -1.2403
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Table 7 Evaluation Result of Processing Speed

WHGREE | ok | BREREE
2.9768 | 0.0843 | 0.2904

HEENEE ML, 5.5 TEHIBLHEET L (b MHHEE
DR oTETL) ZEHOCTT R 572, ETVEEKOREE
A e 7 Y — 2 a BT AREETHMROLEMtDE W
LT, 77V —>ayTEMkomEE F Y I 7 LM
BEHWTHERZIT R o TWVWB W EREITONS. 7
TV = a B BHEERERMERE R L 8 IR .
FIEL7-e T VEKROFHGi kT 2, 7TV -3
VTHREIT o 7B EORBEIET I T3, ZOF
K LT, RGB-HSV R 275 afiithicsiFatkod
BEHP ERU@ED Bz 220, HREGDESVODE
WHSHEBELTWAEEZLNS.

R 8 TV — a VITBIT B HEEEE RS R
Table 8 Evaluation Result of Estimation Accuracy on Appli-

cation
TANTF—& MAE | RMSE R2
E7VE KO 1.7418 | 2.2258 | -1.2731
TV —a Ol | 2.0389 | 2.4554 | -1.7663
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X, BEZESD SPROTEH D A% L TETLO¥EIC
RS 27— R EERT 272 Y ORTIEFERENE X 5
nas.

PEEHEE 7 7V 7 — a X, Swift ° AWS 22 W
THRZTo7. 77V —>a > ofEEr LTI, &
BIH], BREEEGRD OROEE M ST 2 b U IV JH
A, FEEHEEY —AANEBGEREEL, 7SV r—>a>T
ZELHEREEEZRRT 2R I VERE HICRRT S
FERER Y Woley Y ALY Lz, SH%OMEY L
T, ETVERKROREE M 7 7Y r—> a YAV
LA TORECOVWTOMENE T SN 5. PromEEiht
TR REH—T D THENAREEEZOND. £z,
HEETNLOEER L AR, TR HEEREE
WHEERHZTWBEEZONE D, 77V r—Yay
THIHEHEG D LT REED R OO EHOAE T 2
HEEREZIZRERD S, I512, 2—FL U7 4 iHiiz
175 2 e CHHEICE T 23 ELHMECT 20BN D 5.
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