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JGG."1/3.0.18413%15%  SA(I3HSINS). " $1%%" 3. (1- (4156*/%1*+]
3H$10-.1914."$-"$1- (41-)#.$, $41"-3."+-) 46148”7233 N C$" .38
Wl $H$)3.,$($"L X1 CD! O$H*4'd Sl -))/e-39!
Y2-""4.)-3.%(0.4$(+.)-3.%( ¥+ O-.18! 4."$-"$! /*.(5! +.$24!
JO-58"1. 173200 - )#-1$(5. (513-" ;0 AL 48" $-E)HSL"  #- , $1341
432> 31-1(/OTS*H" 5(.+.) - QUE*T2$0 " 1>#.23148, $7%. (5!
IR/ O*AS" /)= 14-3-1KS--3.* (- (42. (5. (3%4a. (-1
=", b3 x (- (41-4, 807812543, (51)* (4.3, ("4 O/ 4.(5!
4.178.%(1 - (41 %)/ > UTO! 43! %S $OS! *+ )*O%SAl
7-);505/ (41 4.73/87-Q8! 2% WS, $(3"! -))/8-38! 4."$-"$!
A$(3.4.)-3* (- (3L (3HSUS-A>*4AIM. O $13#$17-) ; 5%/ (4!
)-(17$187.35) *O%.) -3841- (4% 7"38/)313$0" 1+ (3863 3}+. (30
Ba-. ($41)#-6-)388."3.) TR O/B.0)2-" " 12- (314."$-"$10.5431 78
4.4+ ) /8151 A(.460 FX6$% , S5 $+4.).$(3 O*4$2"1 > 3#17% >S4
YXOU/3.(51)** 3" - (41 +-"3880 . (VRS O)$! “%$$4"! 65! #.5#26! .(!
4$0- (A1*818$-283.O$!-58.) /8/8-21-k2.)-3. % ("9

(3" 1% - 4448 " BHS1- 7% , $10$ (3. * ($AME* 7280 >
UE*O*"$41 -1 CDR7-"$4! +4-0$>*¢;! (-0$26! F-.1$G$! 3*1
Ua+*R01 3HS! )< OUBAI3-" 5 1%4H12%) 2. 1-3.% (- (41)2-"" +.)-3.%(!
*+10-.1814."$-"$1+6*O1+.$241.0-58"1 ] /8 F-.13G$10*4821."!
7-"$41 % (1 3#$! H-"3888 1 IGG! ($3>*4; 1 UTYI 34-31 #-"1 "#x>(1
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LOUE*, A ES" /8" * (1, -5/ 1 %7 $)3E$)*5(3.%(13-"; "0 29!
O 8*8-3841- (LO%E* , $41$-3/E818A%-)3.* (1 ($5>%4; 1> 3#1- (!
-B$(.*(10$)#-(." O3 1) *O%/38!+. ($058-. ($41)#-4-)388."3.) "1
*+10/23.0$10-.1814."$-"$" HxOL (%/3!"-O%$" " #$10*4 +.$41
7-) ;7% (S1($3>*8; 1O , $"13#S! ($>*4;0"1-7.2.361 31 $A%-)3!
L$( )H-4-)I"3)"T (L S WSSO FH ) *O%.)-3%4!
7-);58%/ (4" - (4 )#-(5.(5! $(, 4+ (O$(3-2 ) *(4.3. (9 "#$!
O*4$) *.0/B-($*/"16! U 40" T*H A$$)3x( -(4!
Y= 4)-3.x( 775! -( $(ARIS(A! %-. (. (5! "%-3356! - (4!

"He>"1648)3. , 81 USE<40- %! . (18$-2 $(, £ (0$(! "$3.(5"!

48 4.73.003., 80 YRCRTAEC! FH /R H-0$>*;) 4§ ")

x>l

VED 2$I666%" $41-1H-"351 1 IGGI7-"$41E-0$>*4; I(-O$26!
F-.1$GS$Y >.3# .O%E* , $41 +$-3/6$1 )*O%/3-3.*(! IGG!
($3>*8; ! -0)#.38)3/88! %41 -)) /6-391 O-.181 141 4."$-"9!
1%)-2.1-3.%(1-(41)2-"" +.)-3.% (Wl

YEL P$1-44841 "0%-3.-21 - (41 )#-(($2 -B$(.*(1 O$)#-(." O"!
-3 23-6($41 . GSRE)H-(($2) $2-3.*(H.') - (4! "%-3.-2!
B35 3K $AR-)3 0%l &F7/U3 408-"$
ASUES"$(3-3. % (1401 -OM2$" -, . (5I(*."617-) ; 56/ (4"!
-(48$-28(, £*(O$ (" $R.(5"!

ZEL [SRRIA$I)3.* (1- (A1)2-"" +.) -3 % (F+4, "$- "SS5, * (" 14!
O-.181%2-(312$- , $"14/$13%134$14. 5#148) 21 -7 .2.361*+ 1348
URRU*SA! G- Y T$)-/ S x4 3L () < (1 <+ #S)
I*(,2U3*(-D ) IRBSG.* (IF*4/2818I [RIFE

TE 2$! %$k+60$4! #/58! $A%SL.O$(3-3.%( *( - * (L. (8!
)TN TSN A-3-T-"$1 3% (4.)-38) ! $++.)-)6! <1l */g
UYL THS 4S8/ 480* (P83 (1 $+8)3., 8!
U*RO- () *+ Sl WEHTSAL -WHk-)H /(43K
YH-28(5. (51" $R. (5" " /)H1 - 1 3HSIKES SO S+ )2/ 58841
7-)350%/ (44, ~4.-3.% (1. (12.5#. (54- (414."3%63.% ("4l

THS O-(/")RNE U1 8- (5$4! =TT ST MS)IF( !
$A-0.($" 1%, %/ 1"/ 4.3 18$2-384131 4$(3.46.(514."$-"$"1.(!
- (3" "U$).+.)-2261 O-. 181 )&rU1 4."$-"$"01 : (IM$)3.% (12221 3#$)
-4UIBA] O$H*4*156! - (41 A%-.284] -R)#38)I/ES) *+! S|
YERO* " $A1+-O$>*E ;-GS SA%D-. (SAUMB)3. > (1: NS $ (3" 1348
A%3-.2"1 <1 39! "$1$)3$4! 4-3-"$X .OWBO$(-3.x(d - (4!
SAUSE. OS(3-2 "3/ 2% (5! >3 S *T3-.(84! 6$"/%3"1 - (4!
4.7/ * (U D-"364 >$1 )* /A4 * /8 >*4;1 - (41" /5583841
"*O8$1+/3/8$14.88)3.* (L. (1"$)3. < (1N

IL'RELATED WORK

M$, Sh-2OS3H*4" -, $I7$$ (L (8*4/)$AIT61") $(3."3 B*1*) -3
)2-"" +6<1- (A1) *O%/38 3HS1AS2-3541 -3 7/38" 14, -8 %/ "1~ (3!
ST(RO-23.$"01 H*Q! 3471 88-"*(d 7*3# #$! CD! -(4! FD!
UG- YA -G$! #$-, 261 ~A*U3BA! 76! 65" S-E)HSE™ 1(! "
"$)3. % (>4~ , SIhx , 4341-(1- (06" . I*+I3HSISA. "3, (5I>*E; "]
77341 #5001 )-185%4. 1-3.%(1 *+ )R(! 18-+ -7(*40-2.3.$"0!
1 (3.-264)*(,$(3.* (-2 FDI-Wh*-)#$" 1431 -4*3$41 81 ) =g (!
D5-+14."§-"$1)2-"" +.) -3, (" H#$$138)#(.8/$"1/ "SIt~ (40) *4$4!
S 86U, (3"1)*O%/3-3.% (UG- Y 1-2% (51> 3#1-1)2-"" +.$13*1
$AS)/3B! S )2-""4.)-3.5(13-" 30 ] ($! T /)H +-0$>*E; 1 >-
4.7) /7" $AL (IVXIKI>H#EESI 36163 $-R)HBR" 1 $AN-) 354! "3/ )3/6-2!
-$6%*. (3" $OU2*6. (5! -1 #."3*54-01 -7* (5! >.3#! 38! \DIF!
OS3#*41 %1 5831 381 +$-3/8$1 43" )8 13.% (1 *+1 343! . (%/31 .O-58"!
TS (A BHSIMAN E -Uh- ) 4 > 1 -A%03$41 %1 S +EON 348! ) <8 (!
4.78-"$"1)-385%6.1-3.% (1 3-" ;01 "HS! >*4;1 UVXI! $O%*6"! 34!
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S2-(3.20-58! 4-3-"$3 - (4! -%-.C"! -(! -))/&-)6! *+ PZOLQY!
d#-(5! $31 -2 UTPIN %$6+*40$4! 348! O-.18! %2-(3! 4."$-"$!
)= 4)-3.%(1 76] $OW*6.(5! ! 5$($3.)! -25*4.3HO! 3]
/35 (*O*/"161-4 /" 313H$); S (SRO$H*41- (A4S (1361 -)3<81*+]
S MAF] )2-"" 4,880 "HS! >*8; L UTPIL 5-. ("1 -1 )2-""+.)-3.%(!
")<E$IFHINLIYKQ! ™, $81-1)/*3%O1 4-3-"$30 H/83#$6 . (L UTNI - (!
FDI-ehi*- ) #3481 [-6$" .- (138)#(.8/81>-"1/"$413*14$, $7*0-|
"o 2841 4.-5(%"3.) O*4$2 3%1 3-)$1 - (41 )-385*6. 181 348! )*8(!
02~ (31 4. *44$6"1 761 )*O%/3. (5134814828 , - (31 " 591 " #$! >4 !
- (1= =))E)B! ,-1/S FHINLQ!*, 881 -1 )/ 3+O1 4-3-"$31
al#- (5! $31 -280 UKLI /7$41 -1 *$50$(3-3.* (67-"$4! O$a#*4! +<4!
US40, (5! H$! )-18546. 1-3.% (1 4+ O-.181 4."$-"$"0 H*g! 3."1
88" (<. ( 3.-263HS! 481541 (334$"31 >-"12%) 3841761 /" . (5! -]
*$50$(3-3.* (| O$H*49 45 (< 3H$! ;$6%*. (3" >SS! $AU-)3$4!
7-"$AI* (1HSI3BAI/8-2148" )3 % (*+134$14."$-" $1-4$-UIH. (-2264
WS GGI)I-"" +.$>-"1/"$4*1-) ) *O%. "#I34$1)2-"" +.)-3.%(!
3-751 3% )-385%4. 181 349! 5., $(! -0 (3 +., 8! 6$2-384!
)-385%8.$ 01" H#S1>*8 ; IKLINGSU*83"1- (1 , $4-581-))/8-)6!, -2/$)!
| NLIZLQ! *(! -1 )/"3*O! 4-3-"$31 (! UKVIKI 3#8! —/3#%4")
LGE*A7)$41 - -4-%3.,$! >$.5#3.(5! O/B.6)2-"" +.84 +/".%(
OS3#*41 %1 $)*5 (18! H$! ,-8.%/"1 )-385*8.$"1 *+ Y *&(! 284!
S7(RO-23.80 "HS! >*0;1 )-385%6.18"1 5., $(! "-O%$"! . (34!
'S, $E$2-3841)2-""$ 0 S O AL UKVIL -B-. ("1 -(1-) ) /8-)6!
-/ S <HINTIOVQ! *(1 -1 )/ 301 4-3-"$301 R (<3881 >*4; | UKW
/7$41-1) /301 4-3-"$31 %1 )2-"" +61 348! (/OSE*/"1 ) *4(! 1$-+!
4.78-"$"1 L /7 (5) S MAFTL )" 4880 >3 - (! -, $4-58)
))/8-)61 )i *+HPZOYQI*(1-1)/*3*O14-3-"$1F.1$31-BIUKZI!
SIS S (3841 -1>%8 5 13%148) *5 (L 1$1#$1 O - 181%2- (314."$-"$"]
>HEISIHSIS. (SAIOSH*A1>-"1-4*3BAI*IS (#- O $1343! , " /-]
968-6- () SI+3HB!" - OIS UGSAKI- (1-/3<O*3. , S3#S$ #*24. (5!
36)#(.8/$! . (! NEN! 58-6! %2-($! >-"1 /3.0.154! 3%1 ) -03/8$! 343!
"8/)3/8-11 . (FRO-3.%(1 %+ 3H$! -0 I8 4."$-"$41 885, % (<
YH*0. (- O3 #-6-)388."3.) "1 - (41 (, b~ (1 O*O$ (3 )8l : (!
3H$! ($A3! "398 331 %6 () %6-21 ) *O%* ($ (3! - (-26"."IBSIRE! >-"!
SAMYSAL P 0.(L0.18! HS! +$-3/880 "%-)$Y H.(-26¢ 3!
)-385%8.1-3.%(13-";1 >-"1 -)#.$, $41 76! $O%2*6. (5! 3#$! MNF!
)2-"" 4,861 761 )-385%2.1. (5! 3#$! "-O%2$"! . (3% 34$$! 6$2-354!
)2-""$*1L.9$KIT*O0* (! 1/*38I NEIMD [~ (41) /8, /2-4.-12/ (-3~
8$"%8)3., 3260 "HS! >*a;! UKZH #-' e8%*a3s4l -( -, $4-58)!
2))/8-)6!, -1/ $I<+INLIOTQI*(1-1)/*3*O14-3-"$301 431 - 7%, $
USE*R0$A! -(-06"."1 "#*>"1 331 $,$(! /54 ,-4.*/") FD!
YA H-, 81 TSS( WEHFTSAL (1 HS! 2.388-3/88! +XU
)2-"" 6. (5! O-.181 18-+ 4."$-"$" A #*>$, $i! 3431 $A."3. (5! FD!
GF-)HET -8$! /(-TIS! IK1 /2061 )-U3/ES! HS! /)60
(PRO-3x(L S T-OW$'L 4781 3*1 #$.A 2.0.3%4!
4.")8.0.(-3.,$!-7.2.360!

THSL GXT/3(S"TL - (4) TSHSE E$)-22! WF>$E *+! S CD!
U< YA 1, B (" "3BAIHBIAS" $-8)HSR"13+138" 13O . (1348
—4$-1%+13481 O- . 1819%2- (31 (+8)3.* (*1)-385*2.1-3. < (U ] ($! " /)#!
Y- Y >-"14.") /" " $41 . (L UYNIN #8481 -| CD! O*4$2! (-O$26!
S QB *(,Z! >-"1 -4%U3BA1 351 )2-"" +61 33! (<20~ - (4!
.(48)3841.0-5$" 1*+13#$10-. 18142~ (MH.&"26034$1-/508 (3-3.% (!
UG- Y1 >="1/3.2.18413%1 S (- () $I3481 4. , 38" 361 <+ 348) . (/3]
" OIS N HS (IS OBUR.* (L ZIO*A$>-"1/"$413*1)-2) /2-39!
BHSIAS2-3541 ; $6%*. (3'1- (41-)) *O%2. "#I13#$!) 3858 1-3.% (| *79!
PS> %0 LUYNIE -3 (1= (1-) ) /8- )61 ") <881+ NKINNQ! * , $4! -
)/ 3<014-3-"$3 : (WZLIKI*$, $4-21 CDI6-0$>*8; "1 I$KI~A\\G
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VXA 18" GSHKLA-(41: O$I.* (N ZI>$i$138" 3841+*218$) *5 (1. (5!
3! (JOSK*/"136%$" 1%+ ) <8128+ (+8)3.* (") ""#$1 >*4; 1 /' $41
S A$-1 %4 U-("138 2$-8(. (B! 2% (5! >3 #$! [-68".-(
H#OUS-4-OSIBA! *93.0.1-3.%(1 3%1 7%%"31 3H$! )-3$5*2.1-3.%(!
2))/6-)6! *+1 B! "$28)384! OFA2N THS! >*E;1 -B-.($4! -(!
-, $8-581 -))/E-)6! &-38! *#1 NZQ! +4! .O-58"! +*O! #S$!
S0~ (3. 20-5$14-3-"SKIF>$ | ShA-3BHE) **3%+1. ()i$-"$410*4$2!
Y*OU2$A.369: (UKTIKIZHS! >*8 ; 188" $ (384! - (1. O%&* , $41D$G$3!
JGG! #-0$>*4;! )*OUk.".(5! -1 "O-1 ;$a(sY "1 +u!
)2-"" 6. (51 343! -7 (FhO-2.3.8" I+ 381 ) <a (1 2- (31 8-, 3701 T HS)
38)#(.8/$! UKTI! #-"1 63%*8384! - (! -, $8-5$1 -))/&-)6! , -2/$! *+1
NOSPNQI* (13#81S2- (3. 20-5%14-3-"$301: (IUYPIKI - CD! -9 - )1
(-O$26! 38! C$("SCRAVYV! >-"1 - (-261$4! +*4 O-.18! %2~ (3!
4.78-"$1)0-"" +.)-3.% (1> 3#1-(1-) ) /8-) 614-3$1*+INPITKQI* (13#$)
S0- (3 .20-5$14-3-"$31 PH$S-". (NUKKIKI3HS! g#++.) S (GGSHTL!
H-0$>*4; 1> 1-4*03$AB*RS) *5 ( 1$BHSI- 7 (*4O-23.$" <4343
Y- (A12$-, $01" M 1>*a LT e+ S (3L (1O~ 181%2- (31284
S7(RO-L36)2-"" +.)-3. % (1> 3#1-(1-) ) /8-)61, -/ $1*+INPQI* (!
S1)/73*01 43-"$1 #*>$, $<! 488/ 48" H$! $,-2/-3.x(1 *(! -]
YXOUSA! 4-3-1 *-OU2$0 d#t- (5! $31 -2 UKXIN ohxox"$41 - (!
*113,0.1$4I\**5DSGSI+-0$>*4; 171)-365%8. 1313431 - 0% !
(14 AN $ 1*H0-. 181-7 (F40-2.3.8 0 41> %4 !
~(-06184! -85/ )*OT.(3*() *H WFRL (5! 1-6$8"d -(4!
S)3., =35 (L OSIH<A"A 2% (51 > 341 ! AL*/3) -Uhe*-)#$"1 3%1
1$47)$! 33! 18-0$>*8; ! %-8-ORGE™ ""#$! >*4;1 $A#.7.3°! - (!
-, $8-581 -))/8-)6! ") *E$! *+I NPINQI! #+>$, $<! 3§ >*4; 1 #-"1
$OUL*6$4!* (261-13*3-21*41KLL!.O-58" 1++81 O* 4823~ (. (5!- (4!
353, (51 >#.)#1 481 ) *2$) 3641 +*01 4. HS (3 **/8)$*< * /) -1
S SI-(3 A0-581 - (41 \*F*5! >$7738"0 THSISHISI HS!
U<~ ) #1888/ 48" 1 3#91$, -2/ 3.5 (1 (1-1 O*E$1 4., 3" $1 4-3-" 83!
> 3#1-1-4581) *2$)3.% (4" - OIS B*1"#*>1.3"1" 5(+.)-O$U: (!
UKOIKI- (1.O%E* , SAIRISAGSICDI- b *- ) #1>" Ih4$ " $ (3841 341
$AU-(434) - (4! O/2."3-581 Y*(, *1/3.*(! 3% -))*O%."#! 349!
O-.18! %2-(3 25-+ 4."$-"$! )-385%8.1-3.%(8l "'H#$! >*q;! -2'*|
ARUISATS, Sh-2ORRSEF)$" T (SIFUSE-3.% (1 1-2% (51> 3HHSIA-3-]
-/508(-3.%(! W#-"$! 31 $2.0.(-38! 9! -WA$-4-O$! - (4!
4., 88" 361%4134SL. (/31" - O 9 . " 1-O0hex - IH-"1-3-. ($41- (!
-, $4-5$1-))/8-)61")*ESIHNPIXYQI* (1-1) /* 30 14-3-"$3!
IRC*H$4! -00h8%-)#1 SOUL*6. (51 348! )* O $3 *+ 3#$! O/2.0
S)3., =3 % (147 3. * (IBFRHE! >-"1%68$" $ (384! . (1 UYH! >HSES! 348
FRH! #-"1 /7841 -1 O*4/281 (1 38! )*O7.(-3.% (1 ¥ 4.4$1$ (3!
S)3., =31 -ShR*-)#$"! 989 I$D i< D$-;6 0D - (41 "'~ (I
$I)KI 3*1 X930, 181 4! )21 +.)-3.5(! T$H-, K8 *+ ! /*$4!
H-0$>*E; "0 HA"K 'S, $4-2 "-O%2$! heSEE*)$ . (5! "I8h"!
-))*O%-(6.(5! 8! CINRG! >$$! -4*U3$41 3%1 O, $! 39!
-9965-&- () $*+13481. (/3. 0-5") GSAKIA. +H$S (3136%$" 1*+1CD!
*-)HET 98K RISAGSK! ANNGVNG 18 GSHKLY - (4!
CS("$GSIVXV! >$6$! /*$41 76! O$E5. (5! 38! FRH! /(.0 "'#$)!
>xg; 1 #-"1 =B, ($41 38! #5483 )2-"" +.)-3.% (! -))/8-)6! *4
NOSTVQI+*§I34$! 1 $* GRIKLIO*4$20* (1-14-3-1"-O%2$) ) *12$)3$4!
H*O! 3>*1 $AUSE.OS(-2 *.38"N #4>8, 36 3! )2-"" +.)-3.%(!
88" /23" 4$584- 481 +4 343! (*."61.0-58"91: (1UKPIKI3#$! [L67-"$4!
g+.).$(3G$H -(4! CSC'SGSHVYV! O*482"! >$$! /3.2.1$41 3%1
SS(SE-35! -1 A4S (" $!+$-3/8$! "3 ++81 348! 4$(3.+.)-3.¥(1*+ O-.18!
Yol 2%, 871 22($ 9 T HS! O*4$2 )*O7.($4! HS$! )*O%/3$4!
£$-3/88"1 541 -1 O*E$! -)) /6-381 LS $(3-3.% (1 *+1 H$! "-O$)!
74481 6*)$84. (5! > 341 348! )-385%8.1-3. 5 (10e*)$" " > 3#1 - (!

VOLUME XX, 2017

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4

2))/4-)61-381FHINPIKXQUI=*>$, SicI3H$I0*4$U>-"1$, -2/ -3$4]
*(1"-0%2$" 1*73- . ($A14E* 013481 S2- (/. 2-5$14-3-7-"$ - (41 3]
-9, -7.2.36! 3%18$-20>*8241 ")$(-&.*"1."12.0.3649 d$ (5! $3! -1
UKNIT 96206%"$41 -1 +4-0$>*4;! (-O$4! 3#$! MeSMGSIIKL! 3*1
A$(346! ,-8.%/"1 O-.1$! 18-+ -7(*40-23.$"0 R! (*O.(-3$4!
- $6(SUO*A/281> JHIHSI > "H1-)3. , -3.* (10$H*41>-"1/"$413%]
(OUE*, S8 *(, $(3.* (-2 15" GRKLI-Uh*-)#3I$ (#- () $1349!
S$6U%. (3" )XOM/3-3.% (1 -7.2.360 """ >*8; 1 UKNI -%-. ("1 -
))/8-)61 ) <ES1*+ INYINQI 1 )2-"" +61 " Al 4. +$1$ (336%™ %41
V(-7 (FR0-2.3.8"1* (1 -1)/"3* 01 4-3-"$30 R#O-41 $31 -1 XL
7" $41%- (+80128-8(. (517138~ (1+. , $166$0%-. ($4!CDIO*4$2"13%!
19)*5(.181)*4(14."$-"$1+E* 01 O-5$01 " #$10*4$2"1/*$41 > 48!
OSBF(AZA 1$'GHKLE ANNVXI CSCSGHVXNG - (4!
§)$%3.*(G$H! CH(" SCHVXNI*/3$4+ <ROSA 3H$! 5S4 O*4$2"!
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Figure 1: A pictorial illustration of the proposed MaizeNet model.
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FIGURE 2.!Samples from the database showing images belonging to
various maize disease classes: (a) GLS, (b) NLB, and (c) NLS.
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1%)-2.1-3.%( -7.2.36!- (41 88" /73" . (! 3N *8$)3N2-"".+.)-3.%(!
*HIHS!" /" %$)354!"-O%2$"Y!

FIGURE 3.,Sample diseased images from the dataset having a
resemblance with healthy leaf.,

D.!MaizeNet

(V3.1 A-1D)/7300. 1341 H-"3800 1 IG G O*4$2 36-. ($4!* (!
WP O-.18! %2-(3! 28-,%"! .1 e $(3%4! 3#-31 )-(! -))/E-3%26!
7*)-2.1$!- (4!$++$)3., $261)2-"".+61.3"1, -&.*/"1-7 (*80-2.3.8"1- (4!
4% 5(-384!-" - 13GS0! #ED2-"" ) IH-"3%40 1 IGG!O*4$
/3.2.184) $.3#38! ANNVX! *8 1§ GRVLV! -%%e*-)#$"! -1 3"
7-); 7% (8 (83=>*E; 14%81)-2) /2-3. (51331 458%! ; $6%*. (3" I*+13#3!
730 T-O%28T =*>F, 88 S #7568 0kFURE3F(L *4
($3=>%8; 1%-8-O$3$E" . (1 $-)#! *+1 34" ! -Uos*-)#F" 1 6-."$" | 34!
)*0%/3-3.* (1$A%S (" $!*+134#$!IH-"3380 | IGGIH/E3HSLO* <34
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7-"$1 -R)#.3$)3/88! *+1 3H$! H-"3%601 IGG! > 3#! 3#$! A\ \VXI
UYL /4R (5) 40! 38!, - (M (5! 543 /%
SHHS-" HS! 1S GRVLVIT-"$4! H-"35t81IGG! O*4$) ."!
"/+$8.(5) #*0! -1 #/531 )*O%/3.(5! 7/84$(! -(4! O*4$))
* 8643, (5! WEFTIS0! -1 >SS "1 3-) ;281 ! 1T /$TL K4 S
$A."3. (51 48-0$>*; A >$1H- , SR> "$41-1)/*3%O1, §4" > (1*+]
3$IH- 33560 1 JGGIO*4$23#-31$0%2*6" 35! 1 $* GHIKLI- (413451
JI*( U35 (-0 [29) ) RB$SG.* (1 BI [REIO*4/2$" 1+44! +$-3/43)!
$AR-)3.*(! H*O! S O-.18! %i-(3l 28-,$"% ""#$! 18" GIKL!
B)H(.B/S! #-"1 -1 YXOU/3-3.% (-2 TS+ =" )*O%-E$4! 3*1
HPI7-) ;TS DRI OS A )*G-.(C 8>3
HOUS-4-OSIBL"Y " HS! - 135G +8-0$>*4;1/7$" 1+/81 "38%"
(-O$4! $-3/88! $AR- )34 485, % (1 h*05*"-21 ($3>*8; "1B1 SGK!
1] 2102, (50 - (41)-385*8. 1-3.% (1351 .4$ (3.46! - (41 ) -3$5*4. 19!
(JOSE*/"1F- 181 &*012$-+1.2($" " $"9!

1) FEATURES EXTRACTION
- (VHSIH-"3580 1 IGG! O*4$X1-17-) ; 7*($ ($3>*4;1."1/"$413%1
$AR-)3 *$O-(3.)! (4! O$- (. (5+/2! 4$U6$"$(3-3.* (*! +4*O! 33!
/31" - OB HSISAR-) IS4 1SES" $ (3-3.% (" 1-AS134S (1/ " $4176)
HSIA$38)3. * (1H$-413%12%) -2, 151085, % (* 1+ (3863 31- (41%$4++4O!
)-385%8.1-3.% (3l " H#S! *, $4-201 U R0- ()$! *+! 33! 4838)3.%(!
H#$-41 ASUS(4"1 * (! 34$! 19-8($4! 48-3/88! 4SS $(3-3.% ("1 UOLIo!
TS 7-"$1 O*AS) "1 +$8/$ (306! -! IGG! -Ihg*- )4 *4.5. (226!
43" 5S4 #581.0-581)2-"" +.)-3.%(13-" "0 1 (1 $A."3. (5! >*4; "
HSI7-"$2. ($1H-"3560 1 IGGL"1/"$41> 3#1-1, -4 $361<+17-) ; 7% (8!
+$-3/8818A%-)3. X (1($3>*8; "1 /)#I-"IAN\VXA- (41 1§ GSVLV!
UOVIR! R))*&4. (5! 3%1 3#8! *3/461 UOYIKI JGG! O*4$2"! 43! O*&$)!
0ex (S 31 218-8(. (5! 86325, - (3 +5-3/88"1 . (0 ! S SO$! *+!
YXOUSAIT-) ; 56/ (4" 1478 (55~ (. (BB-H$EBH- () /" (BI* (!
JOU3- (31 +$-3/8$"01 19)$(36¢! 33! -3$(3.*(! 0$)#-(."O! .(!
JGGI($>*; "' () *W*a-334B*I$ (#- O SBHSH*) /" P+ (13-4583!
IS S(3-3.% (1 28-8(. (5! )-%-7.2.3.8"1 +4*O! 38! . (W/3! 4/8.(5!
%-. (. (51U0ZI =$a51 >$1#- , $1 SOU*6$41 343! -BS (3.*(1/ (3. (!
WIT-"$I IGGI*L O , $I3S1$-3/8$16$"$(3-3.* (12$-4(. (5!
1 O-.18! 4."$-"$! "I*3"1 440! 3$! .0-5% "*#."! /3.0-3$26!
(OUE*, $"1 S UL+ $41 H-"388 1 IGG! O*4$N"1)-%-7.2.3613%]
)2-"" 461 O-.18! . (+8)3.% ("L . (! 348! %haS"SO)$! *+1 )*O%.)-3$4!
7-);50%/(4") - (4! §$-2>*0241 Y*OUISA.3.$"0 "H#$! -3$(3.*(!
O$)#-(." O "1 7-"$41 *(1 -1 I*(, *2/3.% (-2 [2%) ;! R1$CG.*(
F*4/28! BI [RFE! UOTH! 3#-31 -4-93. , $26! %$a+*80" ! +$-3/49!
85+, ($O$(3176125-4(. (51343 (3868 #- ( ($21a$2-3.% ("1 (41"%-)$0
> "$1 0% 3.5 (=21 YH-4-)388.73.) " < (! %-83.)/2-8<! 3H$! JI[RF!
77%) 5 1USE*40" 1-10/2.92.) -3 % (1 <H3H$!. (4731 ; $6%*. (3" O-3h!
- (A13#$1-8$(3.% (10-%"13#-31 -4$ 55 ($-3541 761 (+44. (5!34$0!
"$8/$(3.- 206! -1* (513481 y#- (($2 - (41 "%-3.-214.0$(" * (*1+4*O!
3H$1. (3540$4.-38148-3/8$10 -1

"SI /55$3$417-) ; 7+ ($1-0)#.38) /881 < OME. "$"1-1 18" G Sl
KLIJGGIUOKII-(41-1J [RFI-3$(.*(172%) ;1" 48! 13" GSI."1-!
U/2-0 IGG! -R)#.38)3/E8! -3 /°$"1 A$(336! "#*i3)/3
YE(($)3.* (1 -25 (5! > 388" A/-0 2. (5 )" Y*(, *U3.x (2
2-684"1- (41-)#.$,$" 1#.5#1-))/8-) 641" "6%.) -26<!. (143 ("$!IGG!
O*4$2"A-12-636" - " 134$.81) *O% /3841, -2/$1. (3*13#81) 0. (5!
2-6$4-27%>. (51.38%1)-2) /2-3810*6$I$ (8. ). (515 $6%*. (3" OXIN!
=*>8, $&I-"1HG! ($3>*0; 1 45N3H . ()6$-"$ < 3#$ ) * (, 555 () !
88" /28" I5R3I>*E" $14/$I*13$I54-4.$ (314" -h$-- SN+ 72800
HS! 197G -0)#.38)3/681 ) * G- ("1 O/B.I$1 88" 4721 T2%) ;")
-3-2*>176%-"" . (Sl-H$>1)* (, *2/3.* (2-688" 14/8. (5%-. (. (5!
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> 3% /31-+1$)3. (SISEE0- O S HSIS" /B1=+138$1)* (, *2/3.% (!
2-686"1."1)*O7. ($41> 313HS! ) *OU/3$4! , -1/ $I*+134$1"#543) /3]
Y((B)3F( St 48)e$-"$"1 S %-.(.(5! 4$54-4-3.%(!
HEB/S(6!"$5(!. (18$-261455U$h! ($3>*4; *1-(41* , $8) *O$" 343!
YECR-. QL *H -44.(5! -44.3.%(-2 2-68E"N THS! *,$6-12!
~8)#.35)3/8$!*+13HS! 15" GSO*A$N) - (178!, .$>$41-"1-156* /%]
*+1 /B! #-10*>1 IGG! ($3°<I >#$E$1 4."3. O3 -0)#.38) /e8!
-881)* (($)3B413*5SHSRIHE* /541" #463) /3) * (($)3.* (" <- (A#S)!
*U3.0-21 88" /2" -8$! -)#.$, $41 761 -, $4-5. (5! 3! */3)*O$! *+1
$-)# ($1>%6;0 -TI81 VI 4" -6"1 3H$! 4%3-.2841 2-6866>."3!
Y<(+.5/8-3.%(1 *+1 38! F-.1$GR! 7-);7*($! IGG! (H>*E;!
YXOUE.". (5! 13" GSIIKL! > 341 - (1-44$41 -%$(3.* (| O$)#-(." O
“31)*OWg."$"ITPI)*(, *2/3.% (-212-6$8"13#-31-4$158*/$4!. (3*IK!
358" 14—, . (51 O/8. 18 88" A4/-2 TI¥) 5 "12- A1% (1 3% %41 $-)#!
<SR HSIS" A/ -NT2%) ;1" ) *OU*"$APHZIMIZI)* (, *2/3.% (-2
2-6$4"< -1 (*40-2.1-3.%(12-6$4< 1$D A !-)3.,-3.% (<A~ (4! -1 *; !
Y (($)3.% (0 HS! 3-) ;941 2-688" 1 (13H$1 48" . 4/-2 T7*) ;1 *+$l
87.):0 Y*(($)1*(*) -3 %$+*20! .4$(3.36! O-Yh.(5! 3*!
-))*O%L."#18$" .4/ -210-%h. (50!

PYI-A4SA13HS1 RS (172%) ;1. (LHS! ($3>*0; 1341+ 2361 */3!
3H$1.O%*E3- (31)*O%* ($ (3" HE*OI3HSL. (W3 (-4, - O $!" *13#$6!
O-617$1/"$41-"13#8). (/31 *8I3H$! (SA ($3>*8;01:31-""."3" 1348
(837051 3% ) * ()OS (GA-38! * (1 4."$-"$5-+8) 3841 U543 * ("1 >#.29!
2.0.3.(5Y/(($)$""-E617-) ; 56*/ (4. (+*40-3.* (- (4. Oi$-". (5!
4$38)3.% (186+*20- )31 (16$-2>*8241)-"$"12. 381, -.$41) *2%i!
2.5#.(5 -(4! (8368 (! %-8.)/2-6 #$! I[RF! /(3
Y<("$) /3., $26!. (+86" 13431 -8 (3.* (1 O-%1 -2% (5" .4$1 343! "%-3.-2!
-(AN#-(($24.0$ (" * (/" . (534S (3360$4.-38!; $6%*. (3"1O-%!
-4 O/BI0.$"1 3! . (h/3) +8-3/88) O-%! > 341 3#$! )*O%/3$4!
-R$(.* (10-%8*1-3-. (1-4-%3. , $1; $6%*. (3"1. O%&* , SO (A" "#$!
4484 -BS (X (1 TTF) ;1.1 2585858 (41 44" -1 ($50.5.729)
* SEHS-A1. (13481 7-) 3 7% (S IGGH 48 , $i<t 341 %S, $(31 349
2% 4 OU*E3- (31300 7/38"1 7$) -/ " $1 %41 4%> (3 -O%2. (5 >$!
ASI-)SAI3HS! . (3.-21)*(,*2/3.%(12-6%$8! > 3#1 -1 0mO! +. 23881 *. 18!
> 31 3$$! "3-) ;$41ZmZ ) * (, *2/3.% (12-6$8"01 - (1-44.3.% (A 348!
Y- ((SUHRRSII-)$A1)* (, *<2/3.% (12-688"L." 1" BT IXTIT1$4/)$!
3D *O%/3-3.% (-2) *" 3!

TABLE 1. Original and modified architecture details of ResNet-50
backbone network.

Q;*/BR;$5") SHI70($;)) M*8(+(""8)
,*(3K) >T>))L=) ' %8 T)U)
) UTU) = $<)p**;) >T>)J0" (0% ()
,*(30) ) #)i%& ) #)§%&
(" #%& ,)T)) (" #%& ,)T))
) #)*+% ) #)5*+%
L*(3) ) #)8 )= ) #)8 )=
(" #)*- )T (" #T)*-)T))
) #)§ +)* ) #)§ +)*
,*(39) ) #H#)§ <% ) #)8 *+%
("#TS <+ ,)T)L) ("#TS <+ ,)T)L)
YH) ). *& DE:DUD I
- *(30) ) #)8+)* ) #)5+)>*
(#ET ) )T (#ET )T
) H ) *L&- )H) *L&-
- *(30) ) #)8 +)* ) #)8 +)*
(#ETS )X )T (#ET )T
DHI *.&- D) HI *.&-

2)!REGION PROPOSAL NETWORKS (RPN)

"HS1 1 SGIO*4/281/"$" 1-14$-3/8$10-%1-)#.$, $4 1O 1343
2-"312-634 *+ 38! IGG! ($3>*8;! =" -(1. (%73 - (4! 5$($4-35"!
885.% (1 66" -2"01 **6%.)-206¢! -1 *2.4.(5! >, (4*>1 "1 /*$41 3*1
BS($E-35! -1 4%+ ($4! (JOT$U *+ -O)#*4"1 B7*/(4.(5! T*A$"E!
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3-5.(51 -85/ ") =28 - (41 -"U$)3N 4-3.%"1 % (1 $-)H . ASH! 1
US47)SIH8!) - (4.4-381 T*A$"1- (A1 * 73— (1HHS16$5..* (1*+. (35453
B2 EA-17%/ (4. (51 7*ARSBAS" 81~ (41)2-"" +.)-3.* (H$-41-38)!
2. $AFIASIBEO. (SIS HSHSU-1" /" US)ISAN*) 3. % (172 (5" 13*!
—14."$-"SAIUFIREI-17-) ; 56/ (41885, (O

3)!ROI POOLING

VHSL * 0*2. (5! 2-6%8! )*OU/3S"! S + ASAE".184! +$-3/83!
L $)3*E RI*T3- ($4117] " HE*XOBHS! I SGIO*4/230!" #EH+$-3/8$)
O-U%! +*O! 3#$! 7-"$! +4-O%=>*¢;! - (4! 3! we*%*"$4! 8$5.* (!
Yg*06*"-2"1 +6*O! 3#$! 1 SG! O*4/28! "1 %8*)$" *$41 76! 348! 1*:!
Y%*2. (512-6$8413* 1) *O%/3B1%8&*%** -21+$-3/4$1O-%* !

4)! CLASSIFICATION

D-" 063431 -3-. ($41+5-3/83! , $)3%4"1-4$1%-" " $41 348> /541+/ 16
% (($)3$412-638" 13*1$4+*4012%) -2.1-3.% (1 - (41) -3$5*8.1-3.% (!
76I%*47). (51-17%/ (4.(5I T*A*UI3HS10- . 1814."$-"$0. (+$) 384!
885.% ("1-(41.3"1)-3$5*264!

IV.IEXPERIMENTAL VALIDATION AND ANALYSIS

T I-RES S (3" 131 AS3- .2 T HIHS! O%SOS (-3 (1" $R. (5!
(A1, -0/ 1 SA%SE.OS(3"1) -48.$41 /3131 HS) ; 13#$18$" /23" 1 %41
M WUFSA F-1$GH! -WHx-)H P! HRE*/5426!
(L $"3.5-38413481 $+8)3. , $($" "I+ 3HS! F-. 1$G$! -0hix-)#1 (!
3340 1%+ O-.1$14."$-"$1 %) -2.1-3.% (1 - (41 )-3$5*2.1-3.% (1 - (4!
YXOU-6$41 31 > 381 36 ($5>%4; "1 /3.2.1.(5! 343! O-.191 28—+
(3" 14-3-1"-O%2$Y!

A.lIMPLEMENTATION DETAILS

45l /55819841 F-.13G$3 4-0$>*;! "1 $AS)/1$4 /°.(5!
SE3* (1> 31 S (" HEHI*> - (4l e$h-"12.78-8.8"0 2SI SO%*6$4!
SRS~ ($A10*AS2* (BHSIFEMIT ] I ] 14-3-7-"$d>4. ) #i>-"1
S +/83H58 % ($4! /°. (5! %- (438! 25-0(. (5! *(! 38! O-.18!
4.7$-"$1 4-3-7-"$01 "HS! ($5>46;) .1 %-. ($4! 76! $O%2*6.(5!
6. (517-3)#1" 18" 11$-8(. (514-38"dI- (ABHS (/O TSHI*HSU* )"
> 3HIME*)#-"3.) 1 \8-4.$(3 C$")$ BB\ CE!%-. (. (5!*%3.0. 18!
XT3 (HSI*I. O - 288" /23" #81+. (-2%-4-O$3$a1"$%. (5"1* (!
>H#.)HIHSI 043 -3B-. ($41*13.0-2168" /53" 14815, , $ (1. ("'~ 728!
YO TS GSES)R (K, B B (R BRRE L -2/8) T /84l 3%
ARSKO. ($13431 7%/ (4. (51 T*AI* , $22-%01 7$3>$$ (13431 %6$4.) 384!
- (A15E%/ (A1 - (411" $31-"ILIKA>H.)#10$- (*1.H3#S! , -2/$)
1558413 (13481 SIS #2IHHSIN6$4.)3.* (1. ) * (. 434341
" 3., 9ol

TABLE 2. Training hyper-parameter settings for the presented
framework.

) V$;,-")
Q$i/ - )AN") X)
6#%/:4) ug)
YUSHQO(7)HSE") 2177K)
S3"H$H)H L% B)HE*F) 218)
M* =" (&= = )+*%).G 1) IP)
07 28)8"/$5)#)k7 - SHWSH0* () 21720)

B.'[EVALUATION PARAMETERS

(V3. "1 "3/ 46 3HS1 UShr 80 - () S *+1 3481 ' /5583841 44-0$>*4 ;|
S 0-.181 4.78-"$1 A$(.4)-3x( -(4) )" )0
8/-(3.3-3.,$6! -(4! 8/-23-3.,%16! $,-1/-384 /*.(5! '$,$4-2!
$""$(3.-20 O$3R.)"! +481 $-)#! $A%SLO$(H! P$! )*O%/334! 343!
L=U/$1FHOSK.) 1" /) -"10$). " * (1) *4$IBSMEC 45)-22! ') <8$)!
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BIMEI-))/8-)6!BR))E HVE" ) *4$I BHME % i | ") *6$¢! - (41 O$-(!
-, $4-581 %$)."*(! BORSE! ")*a$! +*a! $-)# )2-""0l "'#$'S!
((A.)-346"1-881) X OM/3$41-" 1+ 2*> "l
e L
" $%
( $%&")
$%&$B)
FHEPE) & %&")

*it

=G 1771 AS(XIG 3481 /10" 3., $1 ) *S aSUES S (3. (513321
%% 3., 8! "-O%2$"! >3 )*4$)N6! )2-"".+.$4! 3-45%3 4."$-"$!
Yo- TSI -2 IR 3 $1T) HISAASIES S (3. (5131321
($5-3.,8! "-OW$"! #-,.(5! %*".3.,8! %e$4.)3*(Y HS! #SP!
AS(F5"1 +-2791 ($5-3., 84 x> (51 H$! (JOTS *+ %" 3.1
"-O%3" 1> 3#1=>4*(526!$"3.0-35414.* $-"$1)2-""9ID- "326<!34$! 1 B!
(4)-38"1 3/8! ($5-3., 5 ASHES"$(3. (5! 9! *-OMIS" ! -3 39!
O*4$2 ) *8$) V6IKS4. ) ISH S ($5-3. , $1)2-" "0 " #1: % 1" 1349
Y*OT. ($416-3. 41+ 351 (354" $) 364! -45-1 *H 3¢$1964$4.) 31841 - (4!
56/ (A AT/ (4. (STT*AL (%.AS2" 1) * O/ ISAHRIS-) 1)1
/7. (5! BKEY! 2?#$$-"<! ORS! ."! 3#$! -, $4-58! *+! -, $&-53!
0ES). "% (1 BRSE! ") *4$! +¥4) $- )41 ) *O%/3541 -31 4 HHS (Y > !
S #*41, -2/$"N

$%,

234 # 0&" )1 &$%,

5*1 # 28] *1,

C.IASSESSMENT OF THE PRESENTED FRAMEWORK

(31 SAUBLOS( > $,-2/-3841 S 1%)-2.1-3.%(! - (4!
-"" )% (0 USEFEO-OF! <+ W US4 - 195G
H-O$>*8; | #0391 4$(3.4.)-3.% (1 *41 O-.181 4."$-"$14$5.% (!
- (41 8.8 )-385%0.1-3.% (0 2$! USk+*LOB4! B! $A%SE. O (3"

1)! RECOGNITION PERFORMANCE

"HSI-))/8-3518$) <5 (3% (FH. (4536415 -+H-8$-"1. 1" "§ (3.-23*!
)*6$) 306! )-385*2.1$! 34$! O-.1$1 4."$-"$1 /* (5! -(1 - /3-0-334!
UYL THRSRRSA >SS! §,-0/-3841 S 2%)-2.1-3.%(!
$+$)3.,$($""1 *+ #$! F-.13GR! +#-0$>*;! /*.(5! O-.18!
4."$-"$0-+$)154! .0-53"! +*O! S $OUL*6$4! 4-3-"$! ""#$!
WEURSAl -B$(*(B7-"$4! H-"ISNIGG! O$H*al /'$"
1$"GS$HKL! >.381 (1 -BSE.*( 72%) ;1 3%1 $AR-)3! 3H$! ASS!
1$-3/08" HE* 01383138 (L (51.0-58")" #$1*73-. ($412%)-2.1-3.%(!
88" /28" 1-881 %> (1. (TH.50 T3 - (1781 $$ (14O 1316823841
LD G887 33 38! F- 1$G$3 -Uex- ) )- (! $+48)3. , $261
2%)-381 3-45831 4."$-"$! "%yl #-,.(5! ,-86.(5! -Wh$-&-()$"!
LOU 4. (5 #-U ) <148 " 1500 - (410%* 3.5 (O 48 , S8 H.50T!
>3- S, S (3 WS SO 4 7-) 5 5er/ (41 (*.1$! - (4!
7(>-($41%7 $)3° ") #1 =" 14,81 )<4(1*3-2; "< - (41 >$$4°1 349
4.78-"91 885.%("1 48! -))/8-386! 4%3$)384! - (4! 2¢)-2.1$491
R44.3.%(-1264 43"%.38! #-, (5! , -86. (5! 2.5#3. (5 *8.$(3-3.% (<
-(41-)8/." 3.%(1- (518" A* /0 O$#*41 ) - (1$+4$)3. , $261 %80!
O-.1$14."$-"$1$)*5( 3.* (N 2$!) *O%/3$4134$IORS!- (4108~ (!
o 1351873, 0-35136 1%, $a-217%)-2.1-3. 5 (1$18)3. , $($" 1<% /8!
U~ A S SIO$3R. ) "IASO* (" H-3BHSISHE)3. , $(B T <3S
0066 )1+ 81 341 4$38)3. % (1 %41 3-65831 %7 $) I P$1 453860 ($4!
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((IHSIRS SO *H (*."617-) ;58*/ (4" /) -"10-.131"3-2; 4

"x 1$-41% | $10-U1- (41, -46. (5'2 54, (5I)*(43*( ]

FIGURE 4. Visual results showing localized and classified disease
regions from samples using the proposed MaizeNet model.
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FIGURE 5. Sample visual results of false detection using the proposed
MaizeNet model.,

2)! CLASSIFICATION RESULTS
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TABLE 3. Quantitative evaluation of the proposed MaizeNet model for
each class.
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FIGURE 6.Box-plot showing the overall results obtained using the
proposed MaizeNet model on the maize disease dataset.
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)

FIGURE 7. Confusion matrix showing categorization results of the
proposed MaizeNet approach.

3)!HEATMAP ANALYSIS
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FIGURE 8: Grad-cam visualization results of the proposed approach for
maize disease identification (a) without attention (b) with attention.

D.ICOMPARATIVE ANALYSIS WITH DIFFERENT
FEATURE EXTRACTION NETWORKS
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TABLE 4. The performance comparison of MaizeNet framework using
different CNN networks.
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FIGURE 9. Accuracy of proposed MaizeNet approach using different
CNN models.

E.ICOMPARATIVE ANALYSIS WITH OTHER DETECTION
TECHNIQUES
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