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Abstract: Melons are known as expensive fruit, and the quality of their appearance is important. There-
fore, when shipped, melons are graded by farmers based on shape, color, net pattern, presence of disease,
etc. Generally, this inspection is done visually by experienced farmers. However, for consistency of grading
criteria, systemization of visual inspection is desired. In recent years, there has been a lot of research on
the application of image classification models using deep learning in the field of visual inspection. To use
deep learning, it is necessary to collect a large amount of annotated image data. In this study, we propose a
model that can determine the grade with higher accuracy than general image classification models based on
transition learning (e.g., using imagenet) even when the number of data is small, by combining Fine-grained
Image Classification, Metric Learning using similarity measure of an image feature vector, and Data Aug-
mentation using an Activation Map. In addition, we developed a prototype of Melon Grading System using
this model and conducted basic tests on its practicality. As a result, we showed that the developed grading
system can grade melons with an accuracy of about 82.1% compared to an experienced farmer.
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Fig. 1 Schematic diagram of melon grading system.
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L4is(F) = Lok (yN€t7

9(F;) = max [M;-Fi;p]  (3)

ﬂzk:l j€{0,1,- e—1}
ZZT, M; = diag(Mask;), Mask; € R® TH 1, B
&@p)dﬂﬁwNﬁFW%ﬁﬁﬁﬂ®ﬁﬁ&“’Eﬁﬁ
5. ZOLE, Mask; D¥55 (T2 ¥ HIERSI NIz /2
5 0L, bI)EGELETA. Witz 2k, X (3)
D [M; - Fi]| 1&7 7 AROF~ v 7 F; OF v £ )V D455
OWEESMZLILETHY), FyANVEMO Fay 77
T NEERALIENTES.
L (F) \ZHIE L 7250 S MM 21000 T, R
THEY.

1 c—1
Law(F) = 5D h(E) 4)
2T, BEA() RO LD ITERT S,

WH

ek
h(Fi):Zk 1J€{01 1 [ZWH F,, ] (5)

k=1€¢"
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GAP: Global Average Pooling
L2norm: L2IE#1k
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;Embedding;
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(xihape‘yshape) 5L E E § Loss
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Fig. 5 Architecture of melon grading model.

TARY b b=tg/m &
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350° IENDRX
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X6 WFiFEEOHM

Fig. 6 Computation of contour features.
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Bld, =2 a—¥rndREBRO WS RGN &
FETH LI T 5.
3.4.3 Activation Map DR

Activation Map (&, F~ v 7% E£H T 5 2 & THiffze
H LD EDOFAL O E T IV OHERERICEG L TW5
e BT 5. ZHUIEAEEZR AL (XAD #dlio 12
ELTHSLNTED, Zhou b [15] @ Class Activation Map
(CAM) TI&, =¥ a—FPid a5#~ v 7L &
DEH % VT Activation Map : A € RW*HXC 2|
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1 EWHEG S LR (PR B ER IR T I

i)

Table 1 Features computed from contour image (underlined:

selected features).
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Wl E CORE | (20° MEOFEHHE, 20° fEOREK
& fE, 170° PLEDOEHME, 170° MEOK
(10° Z&) KIE, 180° (BOFEKRIE, 240° (iED
BAfE)

TWwh, RY AT LIZBIF 5 Activation Map &, 2ERMIZ

I3 CAM LR LEZFTERT L2, &GRoELT
WRWEDRR L. KV AT LAOARFIHEZR 7 IR,
I aA—=FoMNT 5% 7 T AOKM~ Y T F X — 4
A X111 OF v AVTADRAKT =) > 7B (Cross-
Channel Max-Pooling: CCMP) % L72%, 7 v~V
Moy 7 s< v 7 A% (Channel-wise Softmax: CWSM)
*WMATAHIET, K~y T F IR L7z 7 T A0
Activation Map A;, i ={0,1, C—-1} 2Rk0b. £L
T, &7 7 A® Activation Map % 7 7 A5 (=C)
LW TARY AT LD Activation Map © A € RW>HXC k4
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CCMP : Cross-Channel Max-Pooling
CWSM : Channel-wise SoftMax

F;E RVxHXe Activation Map
JeRWXHXC
___Fo
TR T | = WxH( )
Br o7 | e el El BTN | o
: ;1_ f;{_ . : = 1|0 Activation Map
- LAy [N i
] WxH
=ia| F1 GAER
H Az 2>

|
-l
{ e
L
\
LIS
(cor)
CWSM
7
4
CCMP

— —

7 Activation Map D4R TFIE
Fig. 7 Generation method of Activation Map.
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723RILEHN T =5 LB, E512, AL CCMP % Ff
E#EHA L, %7 9 AD Activation Map % 4/ L 72 Global
Activation Map : GA e RWV>*H 23k 5. 2F 0, GA L
H5H7TADHEYPEN TV DL EETNOMEIRE L, &
D7 TADFHRL T WEHNOEINS %5 L9
IR L7 2 KICRLH 7 — % L2 A, Activation Map A
& Global Activation Map GA IZLLFOAXTEFKT 5.

A = softmax ( { max

je{o,ly...,e—l}[Fi’j] 4=0,1,, 0 1)
(6)
GA= o oyl "
KUY AF LT, Tra—FHHiT a5~y 712
L GA 28T & be72tk, &F V7 —1) 7 (GAP) T
F v AV EANFEEERIY L AXZ PVIEL72b D %7
HORMANZ MV ET B, T2, AZBRTLHIET—5
PWEOTHELE LTHVA.
3.4.4 VIRRIT—ICERVEEEANT MLVOEDIAS
T S EE RN 7 bV EHBE RN PV R L, P
IR L2 IEBL L 72" Y P L % A0 v D7 b+ L
FALL ¢ RNFT L4 2 ZOEB~NZ M V%, ArcFace &
HWTARZ MVOREUEE & B & U7 B R 22 ) o
Wirte. ArcFace DIEEEBIIRORTHET I LA TE 5.

LAC(FALL)
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—Log v, ) C_al 5
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(8)
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0, = —4 —
O W, TTFATE]

2T, cosby \THFEANY MV FALL L ZDIEfRET NV y
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FHEA S R ILEAL B R LFAL
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Vi / Wyi[ S | )L,FjALL
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(@ E—~—Yv m (b) 75RBIx—2 my>my

8 VI ART—T U EHVIZHOIAL
Fig. 8 Embedded using margin by classes.
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%12, MC-Loss D% & ArcFace DRI/ A 78—
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L(FAM F) = Lac(FAYE) + a(Lye(F)) (10)

3.4.5 Activation Map (& 37— %2 #%E (AGDA)
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CutMix [25] D & 9 12T ¥ ¥ A2 Wi{g 28] ) ¥ T T,
LT NNVZIEL S L 7R 2 2 s 5 2 EATTE 2\,
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THRIAEDLEEH L WEGREEKT 5. BARIZIE, SR
SFOMAMEEE Z DTN % (aNet yNet)y & L, [ LI
VOROHEE MG % (xNet yNety 32, FHE{E 2Nt %
IyaA—=F~DAJEL L T34 HTHARLFIATAERKL
72 Activation Map & A™ & L, AW L7z A™ OH TR
RO TN yNet (23T B 7 T AJD Activation Map
%Agwdkﬁé.%t&%ﬁ@%@%ﬁu,Agwawﬁ
HCCHIH Hi{% 2et LE G ot 2T v s TV v
Fe5ZETHERL, FHT—FIZMZ 5.

~Net __ m Net m Net
T, =(1- Ai:yﬁw) X Ty <+ AL v X Ty (11)

Z D & 9 12 Activation Map & F\V CTEMHIEICR S 3
G- L 72BN O A 2 BEER S LT 52 LT, HED
R e TNV LT — YIRS TR L 2 5.

3.5 HE7OtX
FERFEHXETNEHCTERHET 2 HEICONT, 2
WY DR EZ 7. SEROHEIE, FHERETNVH
DT 288y bV FALL 2ffi$ 5. F72, BI{EOR
W O 7 2T FEBEFRIAT) 2L LT 5.
o I RHBIEEIC & 2 H)5E
HEEBTF— 7 # VT, %27 5 ZADOFHEHAY |+
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s My FALE LIRS 7 MV REF; O 3% 4 Y
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" (HFf“ﬂﬂREFM

i€{0,1,---,C—1}
o MAEEL ZVHIZ L % HI5E
R & 2 & L FARIC, FaN RN b
Ve ROTBE, HIEFROAT X OFBRT bV &FYy
Ry bvoat A ViR RS, 77 ATEDL E N
Ty oy EORBIC Y > CEBAHET D, 752
BC =400 0NEREZDTIORT. 22T, L%
WA BRI 2 201, HIWTT RIS & - THREETRET
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ERONENHIRT S 5.
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do < Ty
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FALL . REF;
 [FAEE[[REF]|
LEWEZ HWZHED XY v M, BRI D ZEkoH)
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= RO
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4. FEHBEER

4.1 T2ty k

HEEBRTHH LT — %ty ML, 3.2 8T8
e HCTRE LSS H 122 L7 /57— aridn
TWiRWE) koA vy &g T — Y Thb, 7—5D
PUAS1E, 2021 4E 2 H225 2021 4E 12 BI2hb 720 18 a1 FE
EN, HEWTANVDOT T = 3 R E— OISR FEE I
FoTEBSINTNAS,

4.2 FEEBREH

AREBTHHAST 25 EE T VI, W E LT
FLICBILFHMTRLETOOMEZMH L, HWEL
et 4> a— %13, ImageNet THETZH SN/
ResNet50 # % L 72. MC-Loss (Z2 b bikE & LT,
Iy A= F\DOASEEH A XL 114 x 448 x 3 DH T —
WL L, "NANX=IXFRX—=F e=5 A=10& L7 =
> I — %1% ResNet50 D& A AAE Convd 71 v 7 DFZIC
BAHAMEE 1EEML, 7x28x 15 DI~ v 7x i)
5. ArcFace IZh b bHEEL LT, NAI/X—=)XF X —
5 s =10, m=[0.8,04,04,04], a=2~L7%. ZZT
~— T YORHIm L, IS ENEINA, B, C, DIk
T3 —YraRT. FHIE, E—X T L%20912
FE LRI AR TR L, Ny T4 X 32,
FEET0.001 &£ LRy 7 TEIZ e 001 JHIE S 250 -
Ry 7FBH S 7A M= 51T 550 g0 71
AL, FEREFEBTILERRO L S WEFELEZE L 7w
7280, 3.5 Wil KB IC L 2 HETITo 72 &
B, SWHEETV (4 5) OFEHL, Python & b3
74 771) Tdh % TensorFlow [32], scikit-learn [33] & F\»
TAT > 72. ImageNet THFIFH S 1172 ResNet50 € 7V
1%, TensorFlow 23%efltd 27V AFA L, WshXo b
D A ALERT sklearn.feature_selection.RFE €3 2 — )V
ERRAL, ZRDAHIHHERE L2, $72, FHEORL
B Td 5 ArcFace & MC-Loss I3, #NEFNZE L%
JCIZ TensorFlow THEHE L 72,

4.3 FERHIERBEDLE

RET 2 EWHEE T IV & 7SR EAE T %
FEEE To72. TOERTIE, BER12 E0TF—% % H
v, FEHT-8 L LTSRN € {32,52,72,92} £, T
AMNAT—% & LTHESR30 Ex V. £3, 8H
7= ZHOTERHEE T IVOFEEZITW, AT —
¥ % TSR E 21T o 72, EERIZ, AGDA ) D
A& AGDA 7 LOMA & C, ZEMGES: % FvC 3 [T
VW, FERIER LT - Y HR O IEER R I, F 7,
o4 & LT, D ResNet50 & ViT-B/16 [34] & F
WieBa L, AN OBMA EZFDSHET L 725512V TE
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BpaAT o7, PGEREEOERTIE, 202G s
EMABHWLTCH S o2, 22T, A EE IIMET
EEHE 7 S TS AAT o TW W28, IED S OEH

EFEWXEBNTHSE) 0D N —= v VR HailcE /L, +

FTHETEDLIREIL R 72O B ICARFERZER L. F

7z, ResNet50 & ViT-B/16 x W72 FEETIZ, £¥H55 %

ImageNet DFHFZAHET V% W, ;‘,’-[%JEFT%%)\?’J EL

T SN 7 b ViE GAP #1038 LT, — /) % 43 HiR

i L“C77’4./‘7‘:L—»«/775:1‘T971.

SRR DGR, T«f@%T»fﬁ%@Wﬁ%ﬁ;fét
BT BHOLEERTR 2 \RT. kb EEEIE
MolzDIE82.1% T, |EL-EFTILV (N =92) 2 AGDA
%bf%mt%ﬂAf%ot.Aﬁmﬁﬁiﬁﬁﬁﬂ%t
TAETD 84.6%THo72Z &h s, AMITIEE VR T
e ETETVDL I EDPHRTE L. $72, Lhvr—
8 (N =32) ThoTHIBIIGLELZETIVLD, $i
FLIETVOFPECAFE TERHETE B Z LA HERR
T&7-.

RIZ, A EELIREETV (N =92, AGDA DY)
DRFEATHIZFR 3 IIRT. AMAEER DREETIVD
1A, BEMREIOHEICRY LW L MERTE. &
72, REBROEADOHEIZEHT S &, ARAEED A

B&hE CEMEBHELLDIZ2 ETHo72h, I_ET
TIWIE 13 ELRHED L { CEMRIIBITLEERETO
B E o TWD T & DHERR ’C%f_. —7F, DERIZBW
T, |_EEF NV OEBE, FIEHHH 0% T
HY, EIEE CENHETE ’C%é_tf)ﬁéabfét.

4.4 VT AR —T BT BARET

7A=Y U E AW AN B VO IA R
(344 1) &, SHHEHBEOBBRIIOVWTEEEZIT-
oo BTSN € {32,992} L LT, ¥~V U
L m = [0.0,0.0,0.0,00] 2* 6, &2 FAY—=Y rH Y
m = [0.8,0.8,0.8,08) DT~V —Y YOI L% 2,
AGDA % LT 4T -7z, IhE, ZEMGEEE:* W\ T
3 [mA7 v, 7~~//EU0)E9<?%?<&>71.

7 IAPT =TV OIEERER 4 8T, FEHT-5 K%
ZEBT, ASHor~v—Y v 2 REL, ZOMOERD
Y=V U EPGICERE LA DR D IEEENEH VR &
&ot.it,#imﬁbwwim FOATIC & B &
X9 IRT. =TI U2 huns (Ko@) &, 77 A
W@ﬁ%@#ﬁ<ﬁ4~#ﬁ<&b Wz, v =Y UHK
ETELYE (M9(c) &, FET—2II4T 527 7 A

%%@im<&é# TZFT ZEFEE T — 5 Bk
MTALE A3 A EIAIAS R S WS ERBE I L7z
EEZLNDL., ASEHOAY—T v EREL, FRLbE
o LA (B9 (b)) 1, s T —% &5 A b
7= HE DI O L T b Z E D HERTE 5.
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xR 2 FEHT- Y EHIOIEESR
Table 2 Accuracy by number of training data.

Accuracy (%)
Method N=32 N=52 N=72 N=92
A pER 84.6
ResNet50 55.8 61.1 63.5 72.1
ViT-B/16 62.1 65.0 67.7 72.9
EEET L (AGDAZ2 L) 64.3 69.7 71.7 81.7
RETF L (AGDADH V) 65.2 70.8 72.9 82.1

= 3 AHAERER LIREE TV ORMATHI

Table 3 Confusion matrix between expert and proposed

model.
PREEEOHE
A B € D |mEEM
A 55 3 1 1 91.7
B 21 37 1 1 61.7
C 7 0 52 1 86.7
D 0 0 1 59 98.3
A% | 663 925 945 952
RETT LVOHE
(N=92, AGDAH V)
A B € D BN
A 38 14 7 1 63.3
B 6 46 6 2 76.7
C 1 0 59 0 98.3
D 0 5 1 54 90.0
WA=%] | 844 708 808 947

®d IRV URET EOEERE
Table 4 Accuracy by each class margin setting.

Accuracy (%)
m N=32 N=92
[0.0, 0.0, 0.0, 0.0] 60.5 75.8
[0.8,0.4, 0.4, 0.4] 64.3 81.7
[0.8,0.8,0.4,0.4] 62.2 75.8
[0.8,0.8, 0.8, 0.4] 63.3 77.9
[0.8,0.8, 0.8, 0.8] 62.8 77.9

4.5 AGDA OB & EREIRDZ LM DIERR

AGDA OFEIME L 7 — & Pk S RO Z L1125
WCHERR T 5. 250 =R v 7 S8 B AT - W50 7 — 7 95
ECAR I N WG ZE 10 1[2RT. Ko H i
Activation Map Z W AR I N/ETH 5.

4.3 HiDEBKER (£ 2) 225, AGDA » ) DIRFEET
Ve LORFETIVOMRERKT L2 LT, 771
ROBMMIZ L Y IEBEEI T 0.9%M ET 5 2 & HERT
&7z 7210 206, BRI NDWGEITE T NIV DR
FHA L L 72 BARGEEER L 7o TWb 2 LAHERRT
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w B L 1 o 1 A(train)
P T A & = « : Bltrain)
x P"-‘...= I LT - e : C(train)
KR - ; . g . SR kY s : D(train)
= . A OER Ey g o Y ] x Altest)
E ? . ‘é._ ) . SE N # |« : B(test)
Y B . | =" e - } « : Cltest)
w® - 'v;}:- - - ’;jl LA e e o . .
a5 e IR - r e td .
R A R L R
o . 1:;&-.:””.”.;: o S i :;,:, 1',-!’.':‘;:“';" P i gy B
EAES %) LB, B1ERD

(a) m=[0.0, 0.0, 0.0, 0.0]

(b) m=[0.8,0.4,0.4,0.4]

(¢) m=[0.8,0.8,0.8,0.8]

9 VRPNV URET L OMANY MVOTERSOHER (N = 92)

Fig. 9 PCA of feature vectors by each class margin setting.

10 AGDA 12X %7 — # JLIEOWIEE] (D k)
Fig. 10 Example images of data augmentation with AGDA
(rank D).

&7,

4.6 ERHIE T TILOE M

FHCHE T TN & W IHIERE R DS, B ORE L &
DRE—HL T EPeMEET 5720, €7 VHIERRIC
o LERHii 21T o 72, 4.3 HIDERDFERN S, 7/ T —
T aAVERITOARETH > T, BAYD TEREES
119 & 1%t > T L) 2 & horz. AR YOI
&, AHETHo TO EOERIHET L0k oTLED
BHRLEEN VL, 22T, 7=ty Mo/ EE
ROFHMICIMA, EERZEHES Efid s & L. f
TR L %D A0 WG T — 5 LERHEE TV OHIER
REWE IR L, ETNVOHMOZ LM% 4 B CRF
fliLTd 6 o7z,

L S —HLTn2

II. =3 LTV WIHETEA
IIL —3 L TWwawn LR Ly
IV. oS RIcf#E-sTws (RLENTHD)
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= 5 ERHEE TV O RIS R
Table 5 Qualitative evaluation results of melon grading model.
VAT LD BisE OFAM —E#E FEE
I RERE R RS 4

[k ] L oL T IV | %) (%)
A 24 7 7 2 60.0 71.5
B 21 9 6 4 52.5 75.0
C 29 3 5 2 74.4 82.1
D 40 1 0 0 97.6 100.0
Total 114 20 18 8 71.3 83.8

QUDIFLNFNEFNT /T —3a L TWaWwa0E
23 B BT NVOHEM RO LUEZFHTL T 5 o 7.
ML OFTMRERZR 5 IR T. AT LAV L -5
RN, PEE O 4 B REFFG O I 5% 45 L7z S
GRS DAY (1) Th o 228la 2 —3ek, [L 7213
IIL] Tho/-ElExiraRL L CEBRBEROFMN 1T 72
LA, —HEIN3%TH ) FFEEIT 838%TH o 72
F72, DEBRTIEHFALRNT10%THY, HEIBBL
REUTH D LI R ESTE TN D T EDHER
T&7-.

5. B

EMAERHEEOREBMR (F2) 256, £%5H 92 Eo
A0y EFEET LI L TIELEER21%DEMRHEE 7V
FHELETE DL ENPMRTEZ., TN AHOABHE O
84.6% L WV HETH B DD, A EIFIZFEME DMK &
WEHTEZEVWZ L, TREEMTAERE LT, &M
I BT D 83.8% L mWV iR T, AHUEEEOH NS
RTLFYTHD LW SNz, B2, DERICEL T
HEFRI100%TH S Z D, BIREELARHEDHEL
REDTHEHOWIFTE 5. FRT— % 32 05 92 &
ICHMEELICONTHERE DM ET5 2 LR TE
2. EHILTF— Y REDHT LT, B ESZEN EO—E
Hx b o THERHW AL S 2 L D IIFRFTE .
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(@) Y RAT LIZAEREFIE
L7?, AEEIIBENET
THY—THB7-HBER ¥
E

(b) X7 LIECHERRZ L ¥
E LA, 2EEIFRWER
15 T L TDER & HIE

M 11 AHEARFETE VAL 72 21 > 0f)
Fig. 11 Examples judged by expert to be unacceptable.
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HTULFE LR VGEIIABICHBI TR E L) VAT A
HEPbEZON D,

#F 2 OFFE XD, ResNets0 & — %2 Wi{g 05 E€ 7L
ELCTHATAHAELIEL, R AT AIEFH 5.8%0D
WEMESHHETE, 2Ly, 2o roSfiET
(&, BIEEERTIER < BFT R EEICK » 72 5 E 25 A
MTHDHI L BRTIENTEL, T2, 10 1IZ/R T &
I, AGDA L AT =Y IREM A2 LT, A0 Vil
gL L CERRR WETH 722 7 — % R ERTE, HEk
FEASE 0.9% M B A Z DR TE . ek, 20X
BT — ZPEEEAT ) 120121, FHE IS T ) T —
T ary LTBLYLENDH-72HY, AGDA IZX 557 — 7k
EFHWAEZETEHMEDT /57— a » &7 5% KIEIC
W T & 2 fetE 2 /R 2 & T & 2.
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6. F&&b

ARIFFETIE, A0 HMBO /AT 72 R OB 123D
CEMHIEY AT ARREL, 70 b4 T2 HOTHM
PN DT IBERY 2 MRFE % 1T - 72. ImageNet THH F A
@ ResNet50 & ~NX— 22 MC-Loss, 7 7 Ajl~— ¥ %
Bk L7z ArcFace, AGDA Z#lAEbLET AT L iEET
5 ET, K 82%DKEE TEHEMHEN T HE: ¥ AT L %1k
L, BUEEEDH UN TR CTE DEWHELXITA A
&R HERR L.

LGiR1E, S5 7% HHEMER EXFE T B LA
R AAT) 720, EH LS 7T — Y EREPTRELR VAT
LANDOY R AR A, F72, Activation Map 12 & D S5
HIWF ORI L 2 DM AR TEL T ERFEHL, ATV A
T LR B R T A ERH EBRE DB IR Y AT
LELTREETAIEOME LTV,

BE ABIFEO—ERIE, JST ASMRIsESCiE ¥ (JP-
MJFR201B) 7% b NIZHAL KB ABEMERATIC BT 5
KE7Toy 7 MiIiEOZREZITZODTH L. T2,
T= Ly M bWPICABRETA AN Yy ¥ a v ORE%
W ne (BR) Kl v ¥ o — ¥ OB WES O F
TRT 5.
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