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$(,.&*(0$(3! .'! 4$,$2*%$4! >.3#! .4$-2! '.3/-3.*('! 2.;$! >.3#!
)*('3-(3! 7-);5&*/(4! '$33.(5'! -(4! 2-);! *+! '-0%2$! -&3.+-)3'!
2.;$!(*.'$<!72/&<!$3)9!"#$&$+*&$<!-%%&*-)#$'!3&-.($4!*(!'/)#!
4-3-! '-0%2$'!>#$(! $,-2/-3$4! *(! .0-5$'! )-%3/&$4! .(!0*&$!
&$-2@>*&24!'$33.(5'!/'/-226!&$'/23!.(!0.')2-''.+.)-3.*(!>.3#!-(!
.()&$-'$4! (/07$&! *+! +-2'$! %*'.3.,$'9! :3! .'! )&.3.)-2! 3*! 2*)-3$!
0-.1$! 4.'$-'$! '%*3'! .(! +.$24! .0-5$'! 3*! -33-.(! .0%&*,$4!
'$('.3.,.36! B&$)-22@&-3$E9! "#$! '.0/23-($*/'! 2*)-2.1-3.*(! -(4!
+.($@5&-.($4!)2-''.+.)-3.*(!*+!0-.1$!4.'$-'$!'%*3'!)-(!-''.'3!
-5&.)/23/&-2! '%$).-2.'3'! *&! /'$&'! .(! 3#$! %&*,.'.*(! *+! *3#$&!
)&.3.)-2! 4-3-! 2.;$! 3#$! 4.0$('.*(! -(4! &$5.*(! *+! 3#$! 2$'.*('<!
>#.)#!)-(!-2'*!-.4!.(!3#$!-''$''0$(3!*+!3#$!'$,$&.36!*+!3#$!
4.'$-'$!-3!-!#.5#$&!2$,$2!-(4!%2-(!3&$-30$(3!-))*&4.(5269!!

R3! %&$'$(3<! CD@7-'$4! *7_$)3! .4$(3.+.)-3.*(! 0*4$2'! -&$!
)*(3.(/-226! 7$.(5! 4$,$2*%$49! M3-3$@*+@3#$@-&3! +&-0$>*&;'!
'/)#!-'!MMC!UTLW<!`]D]!UTVW<!-(4!H-'3$&@IJGG!UTYW!'#*>!
&*7/'3! %$&+*&0-()$! .(! &$-2@3.0$! *7_$)3! 2*)-2.1-3.*(! -(4!
)2-''.+.)-3.*(9! D.0.3$4! '3/4.$'! #-,$! 7$$(! /(4$&3-;$(! 3*!
%$&+*&0! 3#$! )*0%2$A! -5&.)/23/&-2! *%$&-3.*(! *+! 7*3#!
2*)-2.1-3.*(!-(4!+.($@5&-.($4!)-3$5*&.1-3.*(!.(!3#$!)*(3$A3!*+!
%2-(3! 4.'$-'$! .4$(3.+.)-3.*(! UTZ@TKW9! :(! UTXW<! I$5.*(@7-'$4!
JGG!.'!/3.2.1$4!3*!5*,$&(!3#$!%&$).'$!%*'.3.*(!-(4!5&*/%!*+!
3#$!0-.1$!4.'$-'$!-(4!-)#.$,$4!'-3.'+-)3*&6!&$'/23'9!C$'%.3$!
3#$! $++$)3.,$($''! *+! CD! 0$3#*4'<! 3#$! -))/&-3$!
)2-''.+.)-3.*(a.4$(3.+.)-3.*(! *+! 0-.1$! 4.'$-'$! /'.(5! +.$24!
.0-5$'! .'! '3.22! -! )#-22$(5.(5! 3-';9!"#$! &$'$-&)#$&'! #-,$! 3*!
4$-2!>.3#!-!(/07$&!*+!'.5(.+.)-(3!%&*72$0'!>#.2$!4$,$2*%.(5!
-!&*7/'3!0*4$2!'/)#!-'!4-3-!%&$%-&-3.*(<!#-(42.(5!.(3$&a.(3&-!
)2-''!,-&.-3.*('<!-(4!-4,$&'$! 2.5#3.(5!)*(4.3.*('<! .()2/4.(5!
4.'3*&3.*(! -(4! *))2/'.*(! UTOW9! "#$! %&$'$()$! *+! )*0%2$A!
7-);5&*/(4! 4.'3/&7-()$! -2'*! %&$,$(3'! -))/&-3$! 4.'$-'$!
.4$(3.+.)-3.*(!%2-(3'!.(!3#$!&$-2!>*&249!M.()$!3#$!7-);5&*/(4!
)-(!7$!8/.3$!)*0%2.)-3$4!-(4!*7'3&/)3!.3$0'!*+!.(3$&$'3<!+.($@
5&-.($4!)#-&-)3$&.'3.)'!*+!0/23.@)2-''!%2-(3!4.'$-'$!0.5#3!7$!
4.++.)/23!3*!.4$(3.+69!F*&$*,$&<!$++.).$(3!0*4$2'!>.3#!2*>$&!
)*0%/3.(5! )*'3'! -(4! +-'3$&! .(+$&$()$! '%$$4'! -&$! #.5#26! .(!
4$0-(4!+*&!&$-2@3.0$!-5&.)/23/&-2!-%%2.)-3.*('9!

:(!3#.'!>*&;<!3*!-44&$''!3#$!-7*,$@0$(3.*($4!%&*72$0'<!>$!
%&*%*'$4! -! CD@7-'$4! +&-0$>*&;! (-0$26! F-.1$G$3! 3*!
%$&+*&0!3#$!)*0%2$A!3-';!*+!2*)-2.1-3.*(!-(4!)2-''.+.)-3.*(!
*+!0-.1$!4.'$-'$!+&*0!+.$24!.0-5$'9!]/&!F-.1$G$3!0*4$2!.'!
7-'$4! *(! 3#$! H-'3$&@IJGG! ($3>*&;! UTYW! 3#-3! #-'! '#*>(!
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.0%&*,$4! &$'/23'! *(! ,-&.*/'! *7_$)3! &$)*5(.3.*(! 3-';'9! ?$!

.()*&%*&-3$4!-(!.0%&*,$4!+$-3/&$!$A3&-)3.*(!($3>*&;!>.3#!-(!
-33$(3.*(!0$)#-(.'0!3*!)*0%/3$!+.($@5&-.($4!)#-&-)3$&.'3.)'!
*+!0/23.%2$!0-.1$!4.'$-'$'!+&*0!.(%/3!'-0%2$'9!"#$!0*4.+.$4!
7-);7*($!($3>*&;!.0%&*,$'!3#$!($3>*&;b'!-7.2.36!3*!$A3&-)3!
'-2.$(3! )#-&-)3$&.'3.)'! .(! 3#$! %&$'$()$! *+! )*0%2.)-3$4!
7-);5&*/(4'! -(4! )#-(5.(5! $(,.&*(0$(3-2! )*(4.3.*('9! "#$!
0*4$2! '.0/23-($*/'26! %$&+*&0'! 7*3#! 4$3$)3.*(! -(4!
)2-''.+.)-3.*(! /'.(5! -(! $(4@3*@$(4! 3&-.(.(5! '3&-3$56! -(4!
'#*>'! $++$)3.,$! %$&+*&0-()$! .(! &$-2! $(,.&*(0$(3! '$33.(5'9!
"#$! 4.'3.()3.,$! )*(3&.7/3.*('! *+! */&! +&-0$>*&;! -&$! -'!
+*22*>'c!
VE! ?$!%&*%*'$4!-!H-'3$&!IJGG@7-'$4!+&-0$>*&;!(-0$26!

F-.1$G$3! >.3#! .0%&*,$4! +$-3/&$! )*0%/3-3.*(! JGG!
($3>*&;! -&)#.3$)3/&$! +*&! -))/&-3$! 0-.1$! 2$-+! 4.'$-'$!
2*)-2.1-3.*(!-(4!)2-''.+.)-3.*(9!

YE! ?$! -44$4! '%-3.-2! -(4! )#-(($2! -33$(3.*(! 0$)#-(.'0'!
3#-3! 2$-&($4! .(3$&@)#-(($2! &$2-3.*('#.%'! -(4! '%-3.-2!
%*'.3.*(.(5! 3*! $A3&-)3! 0*&$! &*7/'3! 4.'$-'$!
&$%&$'$(3-3.*(!+&*0!'-0%2$'!#-,.(5!(*.'6!7-);5&*/(4'!
-(4!&$-2!$(,.&*(0$(3!'$33.(5'9!

ZE! [$33$&!4$3$)3.*(!-(4!)2-''.+.)-3.*(!*+!4.'$-'$!&$5.*('!*+!
0-.1$!%2-(3!2$-,$'!4/$!3*!3#$!#.5#!&$)-22!-7.2.36!*+!3#$!
%&*%*'$4! -%%&*-)#! 7$)-/'$! *+! 3#$! .()2/'.*(! *+! 3#$)
J*(,*2/3.*(-2![2*);!R33$(3.*(!F*4/2$!BJ[RFE9!

TE! ?$! %$&+*&0$4! #/5$! $A%$&.0$(3-3.*(! *(! -(! *(2.($!
-))$''.72$! 4-3-7-'$! 3*! .(4.)-3$! 3#$! $++.)-)6! *+! */&!
-%%&*-)#9! "#$! &$'/23'! 4$0*('3&-3$! -(! $++$)3.,$!
%$&+*&0-()$! *+! 3#$! %&*%*'$4! -%%&*-)#! /(4$&!
)#-22$(5.(5!'$33.(5'!'/)#!-'! 3#$!%&$'$()$!*+!)2/33$&$4!
7-);5&*/(4<!,-&.-3.*(!.(!2.5#3.(5<!-(4!4.'3*&3.*('9!

"#$! 0-(/')&.%3! .'! -&&-(5$4! -'! +*22*>'c! M$)3.*(! ::!
$A-0.($'!%&$,.*/'!'3/4.$'!&$2-3$4!3*!.4$(3.+6.(5!4.'$-'$'!.(!
%2-(3'<! '%$).+.)-226!0-.1$!)&*%!4.'$-'$'9! :(!M$)3.*(! :::<! 3#$!
-4*%3$4! 0$3#*4*2*56! -(4! 4$3-.2$4! -&)#.3$)3/&$! *+! 3#$!
%&*%*'$4!+&-0$>*&;!-&$!$A%2-.($49!M$)3.*(!:^!%&$'$(3'!3#$!
4$3-.2'! *+! 3#$! '$2$)3$4! 4-3-'$3<! .0%2$0$(3-3.*(<! -(4!
$A%$&.0$(3-2! '$3/%<! -2*(5! >.3#! 3#$! *73-.($4! &$'/23'! -(4!
4.')/''.*(9! D-'326<! >$! )*()2/4$4! */&! >*&;! -(4! '/55$'3$4!
'*0$!+/3/&$!4.&$)3.*('!.(!'$)3.*(!^9!

II.!RELATED WORK 
M$,$&-2!0$3#*4'!#-,$!7$$(!.(3&*4/)$4!76!').$(3.'3'!3*!2*)-3$<!
)2-''.+6<!-(4!)*0%/3$!3#$!&$2-3$4!-33&.7/3$'!*+!,-&.*/'!%2-(3!
-7(*&0-2.3.$'9! H*&! 3#.'! &$-'*(<! 7*3#! 3#$! CD! -(4! FD!
-%%&*-)#$'! -&$! #$-,.26! -4*%3$4! 76! &$'$-&)#$&'9! :(! 3#.'!
'$)3.*(<!>$!#-,$!%&*,.4$4!-(!-(-26'.'!*+!3#$!$A.'3.(5!>*&;'!
/'$4! +*&! 3#$! )-3$5*&.1-3.*(! *+! )*&(! 2$-+! -7(*&0-2.3.$'9!
:(.3.-226<!)*(,$(3.*(-2!FD!-%%&*-)#$'!-&$!-4*%3$4!+*&!)*&(!
2$-+!4.'$-'$!)2-''.+.)-3.*(9!"#$'$!3$)#(.8/$'!/'$!#-(4@)*4$4!
;$6%*.(3'!)*0%/3-3.*(!-%%&*-)#$'!-2*(5!>.3#!-!)2-''.+.$&!3*!
$A$)/3$! 3#$! )2-''.+.)-3.*(! 3-';9! ]($! '/)#! +&-0$>*&;! >-'!
4.')/''$4!.(!UVXW<!>#$&$!3#$!&$'$-&)#$&'!$A3&-)3$4!'3&/)3/&-2!
;$6%*.(3'! $0%2*6.(5! -! #.'3*5&-0! -2*(5! >.3#! 3#$! \DJF!
0$3#*4! 3*! 5$3! 3#$! +$-3/&$! 4$')&.%3.*(! *+! 3#$! .(%/3! .0-5$'9!
"#$(<!3#$!M^F!-%%&*-)#!>-'!-4*%3$4!3*!%$&+*&0!3#$!)*&(!
4.'$-'$'! )-3$5*&.1-3.*(! 3-';9! "#$! >*&;! UVXW! $0%2*6'! 3#$!

S2-(3^.22-5$! 4-3-'$3! -(4! -33-.('! -(! -))/&-)6! *+! PZ9OLQ9!
d#-(5! $3! -29! UTPW! %$&+*&0$4! 3#$! 0-.1$! %2-(3! 4.'$-'$!
)2-''.+.)-3.*(! 76! $0%2*6.(5! 3#$! 5$($3.)! -25*&.3#0! 3*!
-/3*(*0*/'26!-4_/'3!3#$!;$&($2!0$3#*4!-(4!%$(-236!+-)3*&!*+!
3#$! M^F! )2-''.+.$&9! "#$! >*&;! UTPW! 5-.('! -! )2-''.+.)-3.*(!
')*&$!*+!NL9YKQ!*,$&!-!)/'3*0!4-3-'$39!H/&3#$&<!.(!UTNW!-(!
FD!-%%&*-)#!3#$![-6$'.-(!3$)#(.8/$!>-'!/'$4!3*!4$,$2*%!-!
';.22$4! 4.-5(*'3.)! 0*4$2! 3*! 3&-)$! -(4! )-3$5*&.1$! 3#$! )*&(!
%2-(3!4.'*&4$&'!76!)*0%/3.(5! 3#$!&$2$,-(3!'.5('9!"#$!>*&;!
-33-.('! -(! -))/&-)6! ,-2/$! *+! NLQ! *,$&! -! )/'3*0! 4-3-'$39!
d#-(5! $3! -29! UKLW! /'$4! -! '$50$(3-3.*(@7-'$4! 0$3#*4! +*&!
%$&+*&0.(5! 3#$! )-3$5*&.1-3.*(! *+! 0-.1$! 4.'$-'$'9! H*&! 3#.'!
&$-'*(<!.(.3.-226<!3#$!-&$-!*+!.(3$&$'3!>-'!2*)-3$4!76!/'.(5!-!
'$50$(3-3.*(! 0$3#*49! "#$(<! 3#$! ;$6%*.(3'! >$&$! $A3&-)3$4!
7-'$4!*(!3#$!3$A3/&-2!4$')&.%3.*(!*+!3#$!4.'$-'$!-&$-9!H.(-226<!
3#$!eGG!)2-''.+.$&!>-'!/'$4!3*!-))*0%2.'#!3#$!)2-''.+.)-3.*(!
3-';! 3*! )-3$5*&.1$! 3#$! 5.,$(! '-0%2$'! .(3*! +.,$! &$2-3$4!
)-3$5*&.$'9!"#$!>*&;!UKLW!&$%*&3'!-(!-,$&-5$!-))/&-)6!,-2/$!
*+! NL9ZLQ! *(! -! )/'3*0! 4-3-'$39! :(! UKVW<! 3#$! -/3#*&'!
.(3&*4/)$4! -(! -4-%3.,$! >$.5#3.(5! 0/23.@)2-''.+.$&! +/'.*(!
0$3#*4! 3*! &$)*5(.1$! 3#$! ,-&.*/'! )-3$5*&.$'! *+! )*&(! 2$-+!
-7(*&0-2.3.$'9! "#$! >*&;! )-3$5*&.1$'! 5.,$(! '-0%2$'! .(3*!
'$,$(!&$2-3$4!)2-''$'9!"#$!0$3#*4!UKVW!-33-.('!-(!-))/&-)6!
,-2/$! *+! NT9OVQ! *(! -! )/'3*0! 4-3-'$39! R(*3#$&! >*&;! UKYW!
/'$4! -! )/'3*0! 4-3-'$3! 3*! )2-''.+6! 3#$! (/0$&*/'! )*&(! 2$-+!
4.'$-'$'! ,.-! /'.(5! 3#$! M^F! )2-''.+.$&! >.3#! -(! -,$&-5$!
-))/&-)6!')*&$!*+!PZ9YQ!*(!-!)/'3*0!4-3-'$39!f.!$3!-29!UKZW!
-2'*!%&$'$(3$4!-!>*&;!3*!&$)*5(.1$!3#$!0-.1$!%2-(3!4.'$-'$'!
>#$&$!3#$!&$3.($A!0$3#*4!>-'!-4*%3$4!3*!$(#-()$!3#$!,.'/-2!
-%%$-&-()$!*+!3#$!'-0%2$'9!G$A3<!-(!-/3*0*3.,$!3#&$'#*24.(5!
3$)#(.8/$! .(! I@\! 5&-6! %2-($! >-'! /3.2.1$4! 3*! )-%3/&$! 3#$!
'3&/)3/&-2! .(+*&0-3.*(! *+! 3#$! '-0%2$! .9$9<! 4.'$-'$4! &$5.*(<!
)#&*0.(-()$!)#-&-)3$&.'3.)'!-(4!.(,-&.-(3!0*0$(3'<!$3)9!:(!
3#$!($A3!'3$%<!3#$!%&.().%-2!)*0%*($(3!-(-26'.'!BSJRE!>-'!
-4*%3$4! 3*! 0.(.0.1$! 3#$! +$-3/&$! '%-)$9! H.(-226<! 3#$!
)-3$5*&.1-3.*(! 3-';! >-'! -)#.$,$4! 76! $0%2*6.(5! 3#$! M^F!
)2-''.+.$&! 76! )-3$5*&.1.(5! 3#$! '-0%2$'! .(3*! 3#&$$! &$2-3$4!
)2-''$'!.9$9<!J*00*(!I/'3!BJIE<!MD[<!-(4!)/&,/2-&.-!2/(-3-<!
&$'%$)3.,$269! "#$! >*&;! UKZW! #-'! &$%*&3$4! -(! -,$&-5$!
-))/&-)6!,-2/$!*+!NL9OTQ!*(!-!)/'3*0!4-3-'$39!"#$!-7*,$@
%$&+*&0$4! -(-26'.'! '#*>'! 3#-3! $,$(! 3#*/5#! ,-&.*/'! FD!
-%%&*-)#$'! #-,$! 7$$(! %&*%*'$4! .(! 3#$! 2.3$&-3/&$! +*&!
)2-''.+6.(5! 0-.1$! 2$-+! 4.'$-'$'<! #*>$,$&<! 3#$! $A.'3.(5! FD!
-%%&*-)#$'! -&$! /(-72$! 3*! +/226! )-%3/&$! 3#$! '3&/)3/&-2!
.(+*&0-3.*(! *+! 3#$! '-0%2$'! 4/$! 3*! 3#$.&! 2.0.3$4!
4.')&.0.(-3.,$!-7.2.369!!

"#$! &*7/'3($''! -(4! 7$33$&! &$)-22! %*>$&! *+! 3#$! CD!
-%%&*-)#$'!#-,$!.('.'3$4!3#$!&$'$-&)#$&'!3*!3$'3!3#$0!.(!3#$!
-&$-!*+!3#$!0-.1$!%2-(3!.(+$)3.*('!)-3$5*&.1-3.*(9!]($!'/)#!
-%%&*-)#!>-'!4.')/''$4!.(!UYNW!>#$&$!-!CD!0*4$2!(-0$26!
3#$! :()$%3.*(,Z! >-'! -4*%3$4! 3*! )2-''.+6! 3#$! (*&0-2! -(4!
.(+$)3$4!.0-5$'!*+!3#$!0-.1$!%2-(39!H.&'326<!3#$!-/50$(3-3.*(!
-%%&*-)#!>-'!/3.2.1$4!3*!$(#-()$!3#$!4.,$&'.36!*+!3#$!.(%/3!
'-0%2$'9!"#$(<!3#$!:()$%3.*(,Z!0*4$2!>-'!/'$4!3*!)-2)/2-3$!
3#$!&$2-3$4!;$6%*.(3'!-(4!-))*0%2.'#!3#$!)-3$5*&.1-3.*(!_*79!
"#$!>*&;!UYNW!-33-.('!-(!-))/&-)6!')*&$!*+!NK9NNQ!*,$&!-!
)/'3*0!4-3-'$39!:(!UZLW<!'$,$&-2!CD!+&-0$>*&;'!.9$9<!^\\@
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VX<!I$'G$3@KL<!-(4!:()$%3.*(^Z!>$&$!3$'3$4!+*&!&$)*5(.1.(5!
3#$!(/0$&*/'!36%$'!*+!)*&(!2$-+! .(+$)3.*('9!"#$!>*&;!/'$4!
3#$! .4$-! *+! 3&-('+$&! 2$-&(.(5! -2*(5! >.3#! 3#$! [-6$'.-(!
#6%$&%-&-0$3$&! *%3.0.1-3.*(! 3*! 7**'3! 3#$! )-3$5*&.1-3.*(!
-))/&-)6! *+! 3#$! '$2$)3$4! 0*4$2'9! "#$! >*&;! -33-.($4! -(!
-,$&-5$! -))/&-)6! &-3$! *+! NZQ! +*&! .0-5$'! +&*0! 3#$!
S2-(3^.22-5$!4-3-'$3<!#*>$,$&<!-3!3#$!)*'3!*+!.()&$-'$4!0*4$2!
)*0%2$A.369!:(!UKTW<!3#$!>*&;!%&$'$(3$4!-(!.0%&*,$4!D$G$3!
JGG! +&-0$>*&;! )*0%&.'.(5! -! '0-22! ;$&($2! '.1$! +*&!
)2-''.+6.(5! 3#$! -7(*&0-2.3.$'!*+! 3#$! )*&(!%2-(3! 2$-,$'9!"#$!
3$)#(.8/$! UKTW! #-'! &$%*&3$4! -(! -,$&-5$! -))/&-)6! ,-2/$! *+!
NO9PNQ!*(!3#$!S2-(3^.22-5$!4-3-'$39!:(!UYPW<!-!CD!-%%&*-)#!
(-0$26! 3#$! C$('$G$3@VYV! >-'! -(-261$4! +*&! 0-.1$! %2-(3!
4.'$-'$!)2-''.+.)-3.*(!>.3#!-(!-))/&-)6!&-3$!*+!NP9TKQ!*(!3#$!
S2-(3^.22-5$!4-3-'$39!?#$&$-'<!.(!!UKKW<!3#$!g++.).$(3G$3@7L!
+&-0$>*&;!>-'!-4*%3$4!3*!&$)*5(.1$!3#$!-7(*&0-2.3.$'!*+!3#$!
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)#9.(1M$N%.O#J#'$

!NR$!('%,$@%.O#$.@%9#*$+.'"$;%).(&*$%A1()@%,.'.#*C$
K11('%'.(1R$7#3'%19&,%)$A(0$,(3%,.O.19$'"#$-.*#%*#-$)#9.(1$
(5$@%.O#$2,%1'$,#%;#*C$
P(3%,.O#-$7(QR$>)#-.3'#-$A(&1-.19$A(0$*2#3.5<.19$'"#$
-.*#%*#-$2()'.(1C$
N%.O#J#'R$7#*J#'SLTA%*#-$U%*'#)T7VJJ$@(-#,C$
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EEU&13'.(1*$
FC! 7#*U7VJJBIR$#@2,(<#-$'($@#%*&)#$'"#$/#<2(.1'*$+.'"$

7#*J#'SL$1#'+()/$
DC! Q-#1'.5<N%O.#P#%5K55#3'#-K)#%BIR$#@2,(<#-$'($*2#3.5<$'"#$

%55#3'#-$*%@2,#*$)#9.(1*$
HC! Z;%,&%'U)%@#+()/BIR$#@2,(<#-$'($%33(@2,.*"$'"#$@(-#,$
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$
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Figure 1: A pictorial illustration of the proposed MaizeNet model. 
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N%.O#J#'$W!7#*U7VJJ$B6%@2,#4.@#1*.(1!#!"I$
X$!)%.1.19>%)'M$!#*'>%)'!W$4%'%A%*#$-.*').A&'.(1$$
<$%$#%3"$*%@2,#$3!.1,[,!)%.1.19>%)'!

V(@2&'#$!$%&'%()*!5#%'&)#*$[+,!
=:>,,
:'.,.O#$+,!.@%9#*$N%.O#J#'$')%.1.19RM$%1-$3%,3&,%'#$'.@#$!
-./01234!W$Q-#1'.5<N%O.#P#%5K55#3'#-K)#%$B+,I$
45W$Z;%,&%'U)%@#+()/$B$$%&'%()*M$-./012346!

55,'9;',8(7;9,
<$%$#%3"$.@%9#$7!.1$[$!#*'>%)'!

%I$\V$W$V(@2&'#$5#%'&)#*$;.%$#@2,(<.19$'"#$
')%.1#-$@(-#,$!N%.O#J#'!
AI$X$3/+89:;08<=.>M$7.9?1@39/3&/.<3M$
708AAB8=30Y$W>)#-.3'$B\7I$
3I$*"(+$*%@2,#*$+.'"$$3/+89:;08<=.>M$
7.9?1@39/3&/.<3M$$%1-$708AAB8=30$

,,,,,,,,,,,,,,,,=:>,!
=?&'$

A.!DATASET  
"#$!'-0%2$'!/3.2.1$4!.(!3#.'!>*&;!+*&!$,-2/-3.(5!3#$!%&*%*'$4!
F-.1$G$3!0$3#*4!-&$!4$&.,$4!+&*0!3#$!*(2.($!-,-.2-72$!J*&(!
C.'$-'$!-(4!M$,$&.36!BJClME!UXOW!4-3-7-'$9!"#.'!4-3-'$3!.'!
*73-.($4! 76! 3#$! R5&*(*06! J$(3$&! +*&! I$'$-&)#! -(4!
g4/)-3.*(!-3!S/&4/$!i(.,$&'.369!"#$!.0-5$'!>$&$!)-%3/&$4!
/'.(5! 0*7.2$! 4$,.)$'! /(4$&! ,-&6.(5! $(,.&*(0$(3-2!
)*(4.3.*('! .(! 3#$! +.$249! :3! )*0%&.'$'! -! 3*3-2! *+! YVVY! &->!
'-0%2$'!*+! &$'*2/3.*(!ZLLLmZLLL9!"#$! .0-5$'!7$2*(5! 3*!Z!
)*00*(!0-.1$!2$-+!4.'$-'$'!.()2/4.(5!GD[<!G*&3#$&(!2$-+!
'%*3!BGDME<!-(4!\DM!)2-''$'9!!R!3*3-2!*+!KVV!'-0%2$'!7$2*(5!
3*!GD[<!KXY!'-0%2$'!3*!GDM<!-(4!KYT!'-0%2$'!3*!\DM!)2-''9!
"#$!*,$&-22!'-0%2$'!.(!3#$!JClM!4-3-'$3!-&$!4.,$&'$!.(!3$&0'!
*+!7-);5&*/(4!)*(4.3.*('!)*(3-.(.(5!4$-4!2$-,$'<!'*.2<!-(4!
>$$4'!-(4!#-,.(5!,-&6.(5!.22/0.(-3.*(!'$33.(5'<!>#.)#!0-;$!
.3! '/.3-72$! +*&! 3&-.(.(5! 3#$! 0*4$2! -(4! %$&+*&0.(5! 0-.1$!
4.'$-'$! 2*)-2.1-3.*(! -(4! )-3$5*&.1-3.*(! .(! 3#$! +.$249! H.59! Y!
'#*>'!3#$!'-0%2$!.0-5$'!*+! 3#$!4-3-'$3!7$2*(5.(5!3*! 3#&$$!
4.++$&$(3!0-.1$!4.'$-'$!)2-''$'9!:3!)-(!7$!'$$(!+&*0!3#$!+.5/&$!
3#-3! 3#$! 4.'$-'$! '%*3'! #-,$! ,-&6.(5! '#-%$'<! '.1$'<! -(4!
-%%$-&-()$'!3#-3!0-6!&$'$072$!3#$!.3$0'!.(!3#$!7-);5&*/(4<!
0-;.(5!3#$!-))/&-3$!4$3$)3.*(!*+!4.'$-'$!0*&$!4.++.)/23!.(!3#$!
+.$249!"#$'$!'-0%2$'!-&$!-2'*!)#-22$(5.(5!.(!3$&0'!*+!2.5#3.(5<!
)*2*&<! '#-4*><!-(4! .(3$('.36!,-&.-3.*('9!?$!4.'3&.7/3$4! 3#$!
4-3-7-'$!.(3*!OcZ!+*&!3#$!3&-.(.(5!-(4!3$'3.(5!%&*)$''9!

)
FIGURE 2.!Samples from the database showing images belonging to 
various maize disease classes: (a) GLS, (b) NLB, and (c) NLS. 

B.!ANNOTATION GENERATION 
H*&!3#$!$++$)3.,$!3&-.(.(5!*+!3#$!F-.1$G$3<!.3!.'!0-(4-3*&6!3*!
%&$).'$26! 4$3$&0.($! 3#$! 4.'$-'$4! -&$-'! *+! 3#$! 0-.1$! %2-(3!

2$-,$'9!H*&!3#.'!&$-'*(<!>$!/'$4!3#$!-((*3-3.*('!%&*,.4$4!+*&!
3#$!4-3-'$3!)&$-3$4!>.3#! 3#$!#$2%!*+! 3#$!D-7$2:05!UTYW! 3**29!
"#.'!3**2!5$($&-3$'!-!7*/(4.(5!7*A!-&*/(4!3#$!.(+$)3$4!-&$-!
-2*(5! >.3#! 3#$! -''*).-3$4! )2-''<! +&*0! >#$&$! 3#$! )*0%/3$4!
)**&4.(-3$n'!,-2/$'!-&$!'3*&$4!.(!-!JM^!+.2$9!"#$!5$($&-3$4!+.2$!
.'!3#$(!%-''$4!+*&!F-.1$G$3!3&-.(.(59!

C.!Faster-RCNN  
:(! 3#$! %&*%*'$4!>*&;<! -!CD! 3$)#(.8/$! (-0$26! 3#$!H-'3$&@
IJGG! .'! $0%2*6$4! 3*! -/3*0-3.)-226! 2*)-3$! -(4! )2-''.+6! -!
(/07$&! *+! 0-.1$! %2-(3! 2$-+! 4.'$-'$'9! "#$! H-'3$&@IJGG!
0*4$2! 0-;$'! /'$! *+! )*(,*2,$@+.23$&'<! >#.)#! $(-72$'! .3! 3*!
-''$''!3#$!'-0%2$b'!-&)#.3$)3/&$!-(4!)*('3&/)3!-!3&/'3>*&3#6!
'$2$)3.*(!*+!;$6%*.(3'!+&*0!.39!"#$!IJGG!-(4!H-'3@IJGG!
-%%&*-)#$'! -&$! *%$&-3.*(-226! 0*&$! )*0%2.)-3$4<! 3#/'! >$!
)#*'$! 3#$! H-'3$&@IJGG! %-&-4.50! .('3$-4! +*&! )2-''.+6.(5!
0-.1$!%2-(3! 2$-+!4.'$-'$'9! R44.3.*(-226<! IJGG! -(4! H-'3@
IJGG!0*4$2'!/'$!0-(/-2!0$3#*4'!+*&!+$-3/&$!)-2)/2-3.*(<!
'/)#!-'!g45$[*A!UXPW!*&!'$2$)3.,$!'$-&)#!UXNW<!>#.)#!0-;$'!
.3!.0%*''.72$!3*!-)8/.&$!-!(*0.(-3.,$!'$3!*+!,.'/-2!;$6%*.(3'9!
"#$! I$5.*(-2! S&*%*'-2! G$3>*&;! BISGE<! -! 4.'3.()3!
)*0%*($(3<! .'! .(3&*4/)$4! .(! 3#$! H-'3$&@IJGG! 0$3#*4! 3*!
$++$)3.,$26!-44&$''!3#$!'#*&3)*0.(5'!*+!3#$!IJGG!-(4!3#$!
H-'3@IJGG! 3$)#(.8/$'! 76! 3#$! -/3*0-3.)! +$-3/&$!
)*0%/3-3.*(!+&*0!3#$!5.,$(!'-0%2$9!

"#$&$!-&$!3>*!;$6!%&*72$0'!-''*).-3$4!>.3#!3#$!4$3$)3.*(!
-(4!&$)*5(.3.*(!*+!-5&.)/23/&-2!2$-+!.22($''$'!.(!&$)*5(.1.(5!
3#$!I]:'!+&*0!3#$!.(%/3!'-0%2$'c!.E!4$3$&0.(.(5!3#$!%&$).'$!
.(+$)3$4!-&$-! +&*0! 2$-,$'!7$)-/'$! 3#$!-++$)3$4!-(4!(*&0-2!
&$5.*('!'#-&$!-!5&$-3!4$-2!*+!)*2*&!&$'$072-()$9!..E!3#$!)2-''!
)*&&$'%*(4.(5!3*!$,$&6!4$'.5(-3$4!'%*3!BH.59!ZE9!"#$!)#*'$(!
-&)#.3$)3/&$<! H-'3$&@IJGG<! .'! 7$33$&! '/.3$4! 3*! -44&$''! 3#$!
-+*&$0$(3.*($4! .''/$'9! "#$! ISG! )*0%*($(3! *+! H-'3$&@
IJGG! 2$,$&-5$'! 3#$! 4$3-.2'! *+! .(+$)3$4! %-&3! 0-5(.3/4$<!
)*2*&<!-(4!'3&/)3/&$!-(4!-''/&$'!-!5&$-3$&!&$)-22!)-%-7.2.36!76!
$0%2*6.(5!-!+$>!)#*'$(!>.(4*>'<!>#.)#!.0%&*,$'!.3'!I]:!
2*)-2.1-3.*(! -7.2.36!-(4! &$'/23'! .(! 3#$!)*&&$)3!)2-''.+.)-3.*(!
*+!3#$!'/'%$)3$4!'-0%2$'9!

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

D.!MaizeNet 
:(!3#.'!>*&;<!-!)/'3*0.1$4!H-'3$&@IJGG!0*4$2!3&-.($4!*(!
3#$! 0-.1$! %2-(3! 2$-,$'! .'! %&$'$(3$4! 3#-3! )-(! -))/&-3$26!
2*)-2.1$!-(4!$++$)3.,$26!)2-''.+6!.3'!,-&.*/'!-7(*&0-2.3.$'!-(4!
.'!4$'.5(-3$4!-'!F-.1$G$39!"#$!)2-''.)!H-'3$&@IJGG!0*4$2!
/3.2.1$4! $.3#$&! ^\\VX! *&! I$'G$3VLV! -%%&*-)#$'! -'! .3'!
7-);7*($!($3>*&;!+*&!)-2)/2-3.(5!3#$!4$$%!;$6%*.(3'!*+!3#$!
.(%/3! '-0%2$'9! =*>$,$&<! 3#$! #/5$! %&*%*&3.*(! *+!
($3>*&;!%-&-0$3$&'! .(! $-)#! *+! 3#$'$! -%%&*-)#$'! &-.'$'! 3#$!
)*0%/3-3.*(!$A%$('$!*+!3#$!H-'3$&@IJGG9!H/&3#$&0*&$<!3#$!
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7-'$! -&)#.3$)3/&$! *+! 3#$! H-'3$&@IJGG! >.3#! 3#$! ^\\VX!
-%%&*-)#! .'! '/++$&.(5! +&*0! 3#$! ,-(.'#.(5! 5&-4.$(3! .''/$<!
>#$&$-'! 3#$! I$'G$3VLV@7-'$4! H-'3$&@IJGG! 0*4$2! .'!
'/++$&.(5! +&*0! -! #/5$! )*0%/3.(5! 7/&4$(! -(4! 0*4$2!
*,$&+.33.(5! %&*72$0! -'! >$229! "*! 3-);2$! 3#$! .''/$'! *+! 3#$!
$A.'3.(5!+&-0$>*&;<!>$!#-,$!%&*%*'$4!-!)/'3*0!,$&'.*(!*+!
3#$!H-'3$&@IJGG!0*4$2!3#-3!$0%2*6'!3#$!I$'G$3@KL!-(4!3#$!
J*(,*2/3.*(-2! [2*);! R33$(3.*(! BJ[RE!0*4/2$'!+*&! +$-3/&$!
$A3&-)3.*(! +&*0! 3#$! 0-.1$! %2-(3! 2$-,$'9! "#$! I$'G$3@KL!
3$)#(.8/$! #-'! -! )*0%/3-3.*(-2! 7$($+.3! -'! )*0%-&$4! 3*!
3#$!7-);7*($! -&)#.3$)3/&$'! '.()$! .3! )*(3-.('! +$>$&!
#6%$&%-&-0$3$&'9!"#$!F-.1$G$3!+&-0$>*&;!/'$'!+*/&!'3$%'!
(-0$4! +$-3/&$! $A3&-)3*&<! &$5.*(! %&*%*'-2! ($3>*&;'! BISGE<!
I]:!%**2.(5<!-(4!)-3$5*&.1-3.*(! 3*! .4$(3.+6!-(4!)-3$5*&.1$!
(/0$&*/'!F-.1$!)&*%!2$-+!.22($''$'9!

1)! FEATURES EXTRACTION 
:(!3#$!H-'3$&@IJGG!0*4$2<!-!7-);7*($!($3>*&;!.'!/'$4!3*!
$A3&-)3! '$0-(3.)! -(4! 0$-(.(5+/2! &$%&$'$(3-3.*('! +&*0! 3#$!
.(%/3!'-0%2$9!"#$!$A3&-)3$4!&$%&$'$(3-3.*('!-&$!3#$(!/'$4!76!
3#$!4$3$)3.*(!#$-4!3*!2*)-2.1$!&$5.*('!*+!.(3$&$'3!-(4!%$&+*&0!
)-3$5*&.1-3.*(9! "#$! *,$&-22! %$&+*&0-()$! *+! 3#$! 4$3$)3.*(!
#$-4! 4$%$(4'! *(! 3#$! 2$-&($4! +$-3/&$! &$%&$'$(3-3.*('! UOLW9!
"#$! 7-'$! 0*4$2! .'! +&$8/$(326! -! JGG! -%%&*-)#! *&.5.(-226!
4$'.5($4! +*&! .0-5$! )2-''.+.)-3.*(! 3-';'9! :(! $A.'3.(5!>*&;'<!
3#$!7-'$2.($!H-'3$&@IJGG!.'!/'$4!>.3#!-!,-&.$36!*+!7-);7*($!
+$-3/&$!$A3&-)3.*(!($3>*&;'!'/)#!-'!^\\VX<!-(4!I$'G$3VLV!
UOVW9! R))*&4.(5! 3*! 3#$! '3/46! UOYW<! JGG! 0*4$2'! -&$! 0*&$!
%&*($! 3*! 2$-&(.(5! .&&$2$,-(3! +$-3/&$'! .(! 3#$! %&$'$()$! *+!
)*0%2$A!7-);5&*/(4'!4/&.(5!3&-.(.(5!&-3#$&!3#-(!+*)/'.(5!*(!
.0%*&3-(3! +$-3/&$'9! I$)$(326<! 3#$! -33$(3.*(! 0$)#-(.'0! .(!
JGG!($3>*&;'!.'!.()*&%*&-3$4!3*!$(#-()$!3#$!+*)/'!*(!3-&5$3!
&$%&$'$(3-3.*(! 2$-&(.(5! )-%-7.2.3.$'! +&*0! 3#$! .(%/3! 4/&.(5!
3&-.(.(5!UOZW9!=$&$<!>$!#-,$!$0%2*6$4!3#$!-33$(3.*(!/(.3!.(!
3#$!7-'$!JGG!3*!.0%&*,$!3#$!+$-3/&$!&$%&$'$(3-3.*(!2$-&(.(5!
*+! 0-.1$! 4.'$-'$! '%*3'! +&*0! 3#$! .0-5$9! "#.'! /23.0-3$26!
.0%&*,$'! 3#$!%&*%*'$4!H-'3$&!IJGG!0*4$2b'!)-%-7.2.36! 3*!
)2-''.+6! 0-.1$! .(+$)3.*('! .(! 3#$! %&$'$()$! *+! )*0%2.)-3$4!
7-);5&*/(4'! -(4! &$-2@>*&24! )*0%2$A.3.$'9! "#$! -33$(3.*(!
0$)#-(.'0! .'! 7-'$4! *(! -! J*(,*2/3.*(-2! [2*);! R33$(3.*(!
F*4/2$! BJ[RFE! UOTW! 3#-3! -4-%3.,$26! %$&+*&0'! +$-3/&$!
&$+.($0$(3!76!2$-&(.(5!3#$!.(3$&@)#-(($2!&$2-3.*('!-(4!'%-)$@
>.'$! %*'.3.*(-2! )#-&-)3$&.'3.)'9! :(! %-&3.)/2-&<! 3#$! J[RF!
72*);!%$&+*&0'!-!0/23.%2.)-3.*(!*+!3#$!.(%/3!;$6%*.(3'!0-%!
-(4!3#$!-33$(3.*(!0-%'!3#-3!-&$!5$($&-3$4!76!.(+$&&.(5!3#$0!
'$8/$(3.-226!-2*(5!3#$!)#-(($2!-(4!'%-3.-2!4.0$('.*('!+&*0!
3#$!.(3$&0$4.-3$!+$-3/&$!0-%9!!

"#$!'/55$'3$4!7-);7*($!-&)#.3$)3/&$!)*0%&.'$'!-!I$'G$3@
KL!JGG!UOKW!-(4!-!J[RF!-33$(3.*(!72*);9!"#$!I$'G$3!.'!-!
%*%/2-&! JGG! -&)#.3$)3/&$! 3#-3! /'$'! .4$(3.36! '#*&3)/3!
)*(($)3.*(! -2*(5! >.3#! &$'.4/-2! 2.(;'! -)&*''! )*(,*2/3.*(-2!
2-6$&'!-(4!-)#.$,$'!#.5#!-))/&-)69!"6%.)-226<!.(!4$('$!JGG!
0*4$2'<!-22!2-6$&'!%-''!3#$.&!)*0%/3$4!,-2/$!.(3*!3#$!)*0.(5!
2-6$&<!-22*>.(5!.3!3*!)-2)/2-3$!0*&$!$(&.)#.(5!;$6%*.(3'!UOXW9!
=*>$,$&<!-'! 3#$!($3>*&;!4$%3#! .()&$-'$'<! 3#$!)*(,$&5$()$!
&$'/23'!5$3!>*&'$!4/$!3*!3#$!5&-4.$(3!4.'-%%$-&-()$!%&*72$09!
"#$! I$'G$3! -&)#.3$)3/&$! )*(3-.('! 0/23.%2$! &$'.4/-2! 72*);'!
3#-3!-22*>!76%-''.(5!-!+$>!)*(,*2/3.*(!2-6$&'!4/&.(5!3&-.(.(5!

>.3#*/3!-++$)3.(5!%$&+*&0-()$9!"#$!&$'/23!*+!3#$!)*(,*2/3.*(!
2-6$&'!.'!)*07.($4!>.3#!3#$!)*0%/3$4!,-2/$!*+!3#$!'#*&3)/3!
)*(($)3.*('<! >#.)#! 4$)&$-'$'! 3#$! 3&-.(.(5! 4$5&-4-3.*(!
+&$8/$(326!'$$(!.(!&$-226!4$$%$&!($3>*&;'!-(4!*,$&)*0$'!3#$!
)*('3&-.(3! *+! -44.(5! -44.3.*(-2! 2-6$&'9! "#$! *,$&-22!
-&)#.3$)3/&$!*+!3#$!I$'G$3!0*4$2!)-(!7$!,.$>$4!-'!-!5&*/%!
*+!0/23.%2$!'#-22*>!JGG!($3'<!>#$&$!4.'3.()3!-&)#.3$)3/&$'!
-&$!)*(($)3$4!3*5$3#$&!3#&*/5#!'#*&3)/3!)*(($)3.*('<!-(4!3#$!
*%3.0-2! &$'/23'! -&$! -)#.$,$4! 76! -,$&-5.(5! 3#$! */3)*0$! *+!
$-)#! ($3>*&;9! "-72$! V! 4.'%2-6'! 3#$! 4$3-.2$4! 2-6$&@>.'$!
)*(+.5/&-3.*(! *+! 3#$! F-.1$G$3! 7-);7*($! JGG! ($3>*&;!
)*0%&.'.(5!I$'G$3@KL!>.3#!-(!-44$4!-33$(3.*(!0$)#-(.'09!
:3!)*0%&.'$'!TP!)*(,*2/3.*(-2!2-6$&'!3#-3!-&$!5&*/%$4!.(3*!K!
'3-5$'!#-,.(5!0/23.%2$! &$'.4/-2! 72*);'! 2-.4!*(! 3*%!*+! $-)#!
*3#$&9!"#$!&$'.4/-2!72*);!.'!)*0%*'$4!*+!Z!m!Z!)*(,*2/3.*(-2!
2-6$&'<! -! (*&0-2.1-3.*(! 2-6$&<!I$Di!-)3.,-3.*(<! -(4! -! ';.%!
)*(($)3.*(9! "#$! '3-);$4! 2-6$&'! .(! 3#$! &$'.4/-2! 72*);! *++$&!
8/.);! )*(($)3.*('! 3#-3! %$&+*&0! .4$(3.36! 0-%%.(5! 3*!
-))*0%2.'#!&$'.4/-2!0-%%.(59!

?$!-44$4!3#$!-33$(3.*(!72*);!.(!3#$!($3>*&;!3*!+.23$&!*/3!
3#$!.0%*&3-(3!)*0%*($(3'!+&*0!3#$!.(%/3!.(!-4,-()$!'*!3#$6!
0-6!7$!/'$4!-'!3#$!.(%/3!+*&!3#$!($A3!($3>*&;9!:3!-''.'3'!3#$!
($3>*&;! 3*! )*()$(3&-3$! *(! 4.'$-'$@-++$)3$4! %*&3.*('! >#.2$!
2.0.3.(5!/(($)$''-&6!7-);5&*/(4!.(+*&0-3.*(!-(4!.()&$-'.(5!
4$3$)3.*(!%$&+*&0-()$!.(!&$-2@>*&24!)-'$'!2.;$!,-&.$4!)*2*&<!
2.5#3.(5<! -(4! .(3$('.369! :(! %-&3.)/2-&<! 3#$! J[RF! /(.3!
)*('$)/3.,$26!.(+$&'!3#$!-33$(3.*(!0-%!-2*(5'.4$!3#$!'%-3.-2!
-(4!)#-(($2!4.0$('.*(!/'.(5!3#$!.(3$&0$4.-3$!;$6%*.(3'!0-%!
-(4! 0/23.%2.$'! 3#$! .(%/3! +$-3/&$! 0-%! >.3#! 3#$! )*0%/3$4!
-33$(3.*(!0-%!3*!-33-.(!-4-%3.,$!;$6%*.(3'!.0%&*,$0$(39!"#$!
-44$4! -33$(3.*(! 72*);! .'! 2.5#3>$.5#3! -(4! -44'! -! ($52.5.72$!
*,$&#$-4! .(! 3#$! 7-);7*($!JGG9!F*&$*,$&<! 3*! %&$,$(3! 3#$!
2*''!*+! .0%*&3-(3!-33&.7/3$'!7$)-/'$!*+!4*>(@'-0%2.(5<!>$!
&$%2-)$4!3#$!.(.3.-2!)*(,*2/3.*(!2-6$&!>.3#!-!OmO!+.23$&!'.1$!
>.3#! 3#&$$!'3-);$4!ZmZ!)*(,*2/3.*(!2-6$&'9!:(!-44.3.*(<! 3#$!
)#-(($2!+*&!&$%2-)$4!)*(,*2/3.*(!2-6$&'!.'!'$3!3*!XT!3*!&$4/)$!
3#$!)*0%/3-3.*(-2!)*'39!
TABLE 1. Original and modified architecture details of ResNet-50 
backbone network. 

Q;*/BR;$5"%) S%070($;)) M*80+0"8)
,*(3K) >T>1)L=) !" # "$ %&')T)U)
) UTU)'$<)#**;) >T>)J&&"(&0*()
,*(3O)

(
) # )$ %&
" # "$ %&

) # )$ *+%
,)T)U) (

) # )$ %&
" # "$ %&

) # )$ *+%
,)T)U)

,*(3U)
(
) # )$ )*-
" # "$ )*-
) # )$ +)*

,)T)=) (
) # )$ )*-
" # "$ )*-
) # )$ +)*

,)T)=)

,*(3=)
(

) # )$ *+%
" # "$ *+%

) # )$ ).*&
,)T)L) (

) # )$ *+%
" # "$ *+%

) # )$ ).*&
,)T)L)

,*(3@)
(

) # )$ +)*
" # "$ +)*

) # )$ *.&-
,)T)U) (

) # )$ +)*
" # "$ +)*

) # )$ *.&-
,)T)U)

,*(3@)
(

) # )$ +)*
" # "$ +)*

) # )$ *.&-
,)T)U) (

) # )$ +)*
" # "$ +)*

) # )$ *.&-
,)T)U)

2)! REGION PROPOSAL NETWORKS (RPN) 
"#$!ISG!0*4/2$!/'$'!-!+$-3/&$!0-%!-)#.$,$4!+&*0!3#$!

2-'3! 2-6$&! *+! 3#$! JGG! ($3>*&;! -'! -(! .(%/3! -(4! 5$($&-3$'!
&$5.*(! %&*%*'-2'9! "6%.)-226<! -! '2.4.(5! >.(4*>! .'! /'$4! 3*!
5$($&-3$! -! 4$+.($4! (/07$&! *+! -()#*&'! B7*/(4.(5! 7*A$'E!
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3-;.(5! ,-&.*/'! ')-2$'! -(4! -'%$)3! &-3.*'! *(! $-)#! %.A$29! "*!
&$4/)$!3#$!)-(4.4-3$!7*A$'!-(4!*73-.(!3#$!&$5.*(!*+!.(3$&$'3!
BI]:'E<!-!7*/(4.(5!7*A!&$5&$''*&!-(4!)2-''.+.)-3.*(!#$-4!-&$!
-%%2.$4!3*!4$3$&0.($!>#$3#$&!-!'/'%$)3$4!2*)-3.*(!7$2*(5'!3*!
-!4.'$-'$4!'%*3!*&!-!7-);5&*/(4!&$5.*(9!

3)! ROI POOLING 
"#$! I*:! %**2.(5! 2-6$&! )*0%/3$'! 3#$! +.A$4@'.1$4! +$-3/&$!
,$)3*&'!+*&!*73-.($4!I]:'!+&*0!3#$!ISG!0*4/2$9!"#$!+$-3/&$!
0-%! +&*0! 3#$! 7-'$! +&-0$>*&;! -(4! 3#$! %&*%*'$4! &$5.*(!
%&*%*'-2'! +&*0! 3#$! ISG! 0*4/2$! .'! %&*)$''$4! 76! 3#$! I*:!
%**2.(5!2-6$&!3*!)*0%/3$!%&*%*'-2!+$-3/&$!0-%'9!!

4)! CLASSIFICATION 
D-'326<!3#$!-33-.($4!+$-3/&$!,$)3*&'!-&$!%-''$4!3#&*/5#!+/226!
)*(($)3$4!2-6$&'!3*!%$&+*&0!2*)-2.1-3.*(!-(4!)-3$5*&.1-3.*(!
76!%&*4/).(5!-!7*/(4.(5!7*A!+*&!3#$!0-.1$!4.'$-'$@.(+$)3$4!
&$5.*('!-(4!.3'!)-3$5*&69!

IV.!EXPERIMENTAL VALIDATION AND ANALYSIS 
"#.'!%-&3!%&$'$(3'!3#$!4$3-.2'!*+!3#$!.0%2$0$(3-3.*(!'$33.(5'9!
-(4!,-&.*/'!$A%$&.0$(3'!)-&&.$4!*/3!3*!)#$);!3#$!&$'/23'!*+!
3#$! %&*%*'$4! F-.1$G$3! -%%&*-)#9! ?$! 3#*&*/5#26!
.(,$'3.5-3$4!3#$!$++$)3.,$($''!*+! 3#$!F-.1$G$3!-%%&*-)#!.(!
3$&0'!*+!0-.1$!4.'$-'$! 2*)-2.1-3.*(!-(4!)-3$5*&.1-3.*(!-(4!
)*0%-&$4! .3! >.3#! *3#$&! ($3>*&;'! /3.2.1.(5! 3#$! 0-.1$! 2$-+!
.22($''!4-3-!'-0%2$9!

A.!IMPLEMENTATION DETAILS 
"#$! '/55$'3$4! F-.1$G$3! +&-0$>*&;! .'! $A$)/3$4! /'.(5!
S63#*(!>.3#!"$('*&H2*>!-(4!e$&-'!2.7&-&.$'9!?$!$0%2*6$4!
3#$!%&$@3&-.($4!0*4$2!*(!3#$!FM@J]J]!4-3-7-'$<!>#.)#!>-'!
3#$(! +/&3#$&! 3&-.($4! /'.(5! 3&-('+$&! 2$-&(.(5! *(! 3#$! 0-.1$!
4.'$-'$! 4-3-7-'$9! "#$! ($3>*&;! .'! 3&-.($4! 76! $0%2*6.(5!
,-&6.(5!7-3)#!'.1$'<!2$-&(.(5!&-3$'<!-(4!3#$!(/07$&!*+!$%*)#'!
>.3#!M3*)#-'3.)!\&-4.$(3!C$')$(3!BM\CE!3&-.(.(5!*%3.0.1$&!
3*!*73-.(!3#$!*%3.0-2!&$'/23'9!"#$!+.(-2!%-&-0$3$&!'$33.(5'!*(!
>#.)#!3#$!0*4$2!-33-.($4!*%3.0-2!&$'/23'!-&$!5.,$(!.(!"-72$!
Y9! "#$! :(3$&'$)3.*(! *,$&! i(.*(! B:*iE! ,-2/$! .'! /'$4! 3*!
4$3$&0.($!3#$!7*/(4.(5!7*A!*,$&2-%!7$3>$$(!3#$!%&$4.)3$4!
-(4!5&*/(4!3&/3#!-(4!.'!'$3!-'!L9K<!>#.)#!0$-('!.+!3#$!,-2/$!
.'!5&$-3$&!3#-(!3#$!'$3!3#&$'#*24<!3#$!%&$4.)3.*(!.'!)*('.4$&$4!
%*'.3.,$9!!
TABLE 2. Training hyper-parameter settings for the presented 
framework. 

A$%$'"&"%) V$;-")
Q$&/:)40W") X)
6#*/:4) U@)
Y"$%(0(7)%$&") ?Z??K)
S3"%;$#)&:%"4:*;8)+*%)E*F) ?Z@)
M*'"(&-')+*%).G!) ?ZP)
["07:&)8"/$5)+*%)%"7-;$%0W$&0*() ?Z??@)

B.!EVALUATION PARAMETERS 
:(!3#.'!'3/46<! 3#$!%$&+*&0-()$!*+! 3#$!'/55$'3$4!+&-0$>*&;!
+*&! 0-.1$! 4.'$-'$! .4$(3.+.)-3.*(! -(4! )2-''.+.)-3.*(! .'!
8/-(3.3-3.,$26! -(4! 8/-2.3-3.,$26! $,-2/-3$4! /'.(5! '$,$&-2!
$''$(3.-2! 0$3&.)'! +*&! $-)#! $A%$&.0$(39! ?$! )*0%/3$4! 3#$!
,-2/$'!*+!0$3&.)'!'/)#!-'!%&$).'.*(!')*&$!BSME<!&$)-22!')*&$!

BIME<!-))/&-)6!BR))E<!HV@')*&$! BHME<! :*i!')*&$<!-(4!0$-(!
-,$&-5$! %&$).'.*(! B0RSE! ')*&$! +*&! $-)#! )2-''9! "#$'$!
.(4.)-3*&'!-&$!)*0%/3$4!-'!+*22*>'c!!!

!" # $%
$%&'%

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!"#$

(" # $%
$%&')

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!%#$

*++ # $%&$)
$%&$)&'%&')

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!&#$

," # %-./-
%-&/-

0 1$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!'#$

=$&$!!"!4$(*3$'! 3#$! 3&/$!%*'.3.,$! ')*&$<! &$%&$'$(3.(5! 3*3-2!
%*'.3.,$! '-0%2$'! >.3#! )*&&$)326! )2-''.+.$4! 3-&5$3! 4.'$-'$!
)2-''9!"#$!#"!.'!-!+-2'$!%*'.3.,$!')*&$<!&$%&$'$(3.(5!3#$!3*3-2!
($5-3.,$! '-0%2$'! #-,.(5! %*'.3.,$! %&$4.)3.*('9! "#$! #$!
4$(*3$'! +-2'$! ($5-3.,$<! '#*>.(5! 3#$! (/07$&! *+! %*'.3.,$!
'-0%2$'!>.3#!>&*(526!$'3.0-3$4!4.'$-'$!)2-''9!D-'326<!3#$!!$!
.(4.)-3$'! 3&/$! ($5-3.,$<! &$%&$'$(3.(5! 3#$! '-0%2$'! 3#-3! 3#$!
0*4$2!)*&&$)326!%&$4.)3$4!3#$!($5-3.,$!)2-''9!"#$!:*i!.'!3#$!
)*07.($4!&-3.*!*+!3#$!.(3$&'$)3$4!-&$-!*+!3#$!%&$4.)3$4!-(4!
5&*/(4@3&/3#!7*/(4.(5!7*A!.(!%.A$2'!)*0%/3$4!+*&!$-)#!)2-''!
%! /'.(5! BKE9! ?#$&$-'<! 0RS! .'! 3#$! -,$&-5$! *+! -,$&-5$!
%&$).'.*(! BRSE! ')*&$! +*&! $-)#! %! )*0%/3$4! -3! 4.++$&$(3! :*i!
3#&$'#*24!,-2/$'9!!

234 # $%!

'%!&')!&$%!
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!(#$

5*! # 6
7

8 *!9
7
9:6 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!)#$

C.!ASSESSMENT OF THE PRESENTED FRAMEWORK 
:(! 3#.'! $A%$&.0$(3<! >$! $,-2/-3$4! 3#$! 2*)-2.1-3.*(! -(4!
)2-''.+.)-3.*(! %$&+*&0-()$! *+! 3#$! %&*%*'$4! F-.1$G$3!
+&-0$>*&;! +*&! 3#$! .4$(3.+.)-3.*(! *+! 0-.1$! 4.'$-'$! &$5.*('!
-(4! 3#$.&! )-3$5*&.1-3.*(9! ?$! %$&+*&0$4! 3#$! $A%$&.0$(3'!
/'.(5!3#$!4-3-'$3!4$')&.7$4!.(!'$)3.*(!:::!BRE9!!!

1)! RECOGNITION PERFORMANCE 
"#$!-))/&-3$!&$)*5(.3.*(!*+!.(+$)3$4!2$-+!-&$-'!.'!$''$(3.-2!3*!
)*&&$)326! )-3$5*&.1$! 3#$!0-.1$! 4.'$-'$! /'.(5! -(! -/3*0-3$4!
-%%&*-)#9! "#$&$+*&$<! >$! $,-2/-3$4! 3#$! 2*)-2.1-3.*(!
$++$)3.,$($''! *+! 3#$! F-.1$G$3! +&-0$>*&;! /'.(5! 0-.1$!
4.'$-'$@-++$)3$4! .0-5$'! +&*0! 3#$! $0%2*6$4! 4-3-'$39! "#$!
%&*%*'$4! -33$(3.*(@7-'$4! H-'3$&@IJGG! 0$3#*4! /'$'!
I$'G$3@KL! >.3#! -(! -33$(3.*(! 72*);! 3*! $A3&-)3! 3#$! 4$$%!
+$-3/&$'!+&*0!3#$!3&-.(.(5!.0-5$'9!"#$!*73-.($4!2*)-2.1-3.*(!
&$'/23'!-&$!'#*>(!.(!H.59!T9!:3!)-(!7$!'$$(!+&*0!3#$!&$%*&3$4!
,.'/-2! &$'/23'! 3#-3! 3#$! F-.1$G$3! -%%&*-)#! )-(! $++$)3.,$26!
2*)-3$! 3-&5$3! 4.'$-'$! '%*3'! #-,.(5! ,-&6.(5! -%%$-&-()$'!
.()2/4.(5!'#-%$<!)*2*&<!'.1$<!-(4!%*'.3.*(9!F*&$*,$&<!H.59!T!
'#*>'! 3#-3! $,$(! .(! 3#$! %&$'$()$! *+! 7-);5&*/(4! (*.'$! -(4!
/(>-(3$4!*7_$)3'<! '/)#!-'!4.&3<! )*&(! '3-2;'<! -(4!>$$4'! 3#$!
4.'$-'$! &$5.*('! -&$! -))/&-3$26! 4$3$)3$4! -(4! 2*)-2.1$49!
R44.3.*(-226<! 4$'%.3$! #-,.(5! ,-&6.(5! 2.5#3.(5<! *&.$(3-3.*(<!
-(4!-)8/.'.3.*(!-(52$'<!*/&!0$3#*4!)-(!$++$)3.,$26!%$&+*&0!
0-.1$!4.'$-'$!&$)*5(.3.*(9!?$!)*0%/3$4!3#$!0RS!-(4!0$-(!
:*i!3*!$'3.0-3$!3#$!*,$&-22!2*)-2.1-3.*(!$++$)3.,$($''!*+!*/&!
-%%&*-)#9!"#$'$!0$3&.)'!4$0*('3&-3$!3#$!$++$)3.,$($''!*+!3#$!
-%%&*-)#!+*&!3#$!4$3$)3.*(!*+!3-&5$3!*7_$)39!?$!4$3$&0.($4!
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3#$!0RS!+*&!$-)#!)-3$5*&6!-3!3#$!:*i!3#&$'#*24!,-2/$!'$3!3*!
L9K9!"#.'! .0%2.$'! 3#-3!>#$(! 3#$!*,$&2-%! ')*&$!7$3>$$(! 3#$!
%&$4.)3$4!-(4!5&*/(4!3&/3#!7*/(4.(5!7*A!.'!5&$-3$&!3#-(!3#$!
'%$).+.$4! :*i! ,-2/$<! 3#$! %&$4.)3.*(! &$'/23! .'! )*('.4$&$4!
%*'.3.,$9!]/&!3$)#(.8/$!-)#.$,$4!0RS!,-2/$!*+!L9NTX!-(4!-!
0$-(!:*i!')*&$!*+!L9NVZ9!"#$! .4$(3.+.)-3.*(!%&*7-7.2.36!*+!
0*'3!I]:'!/'.(5!*/&!3$)#(.8/$!.'!0*&$!3#-(!NZ9VTQ9!"#$'$!
+.(4.(5'! 4$0*('3&-3$! 3#-3! */&! F-.1$G$3! +&-0$>*&;! )-(!
%&$).'$26!2*)-3$!3#$!.(+$)3$4!&$5.*('!/'.(5!-!2*)-3.*(!7*A!-(4!
*/3%/3'! 3#$! .4$(3.+.)-3.*(! %&*7-7.2.369! "#$! .(3$5&-3.*(! *+!
-33$(3.*(!0$)#-(.'0!.(!3#$!($3>*&;!+-).2.3-3$4!3#$!4$3$)3.*(!
#$-4!.(!&$)*5(.1.(5!4.'$-'$!'%*3'!>.3#!#.5#!-))/&-)6<!$,$(!
.(!3#$!%&$'$()$!*+!(*.'6!7-);5&*/(4'!'/)#!-'!0-.1$!'3-2;'<!
'*.2<!2$-+!*,$&2-%<!-(4!,-&6.(5!2.5#3.(5!)*(4.3.*('9!

)
FIGURE 4. Visual results showing localized and classified disease 
regions from samples using the proposed MaizeNet model. 

R23#*/5#!*/&!%&*%*'$4!0*4$2!-)#.$,$4!#.5#! .4$(3.+.)-3.*(!
-))/&-)6! +*&! 4$3$)3.(5! 4.'$-'$@-++$)3$4! &$5.*('! *+! 0-.1$!
%2-(3'<! #*>$,$&<! .3'! %$&+*&0-()$! >-'! -++$)3$4! 76! '*0$!
$(,.&*(0$(3-2! )*0%2$A.3.$'<! &$'/23.(5! .(! +-2'$! *&! 0.''$4!
4$3$)3.*('9!^.'/-2!&$'/23'!*+!'/)#!.('3-()$'!-&$!'#*>(!.(!H.59!
K9!"#$'$!0.')2-''.+.)-3.*('!)-(!7$!-33&.7/3$4!3*!+-)3*&'!'/)#!
-'!3#$!%&$'$()$!*+!.(3$('$!2.5#3!,-&.-3.*('<!7-);5&*/(4!(*.'$<!
-(4!#.5#!.(3$&@)2-''!'.0.2-&.3.$'9!R44.3.*(-226<!.(!'*0$!)-'$'<!
4.'$-'$!'60%3*0'!>$&$!(*3!)2$-&26!,.'.72$a4.++$&$(3.-72$!4/$!
3*! 2*>! '$,$&.36! 2$,$2'! B$-&26! '3-5$E! *&! '.0.2-&.36! 3*! *3#$&!
4.'$-'$'9!

)
FIGURE 5. Sample visual results of false detection using the proposed 
MaizeNet model.,

2)! CLASSIFICATION RESULTS 
"#$!$A-)3!)-3$5*&.1-3.*(!*+!,-&.*/'!4.'$-'$!2$'.*('!.'!)&/).-2!
3*! %$&+*&0! 3#$! -/3*0-3$4! .4$(3.+.)-3.*(! *+! 0-.1$! 4.'$-'$'!
/'.(5!&$-2@3.0$!+.$24!:0-5$'9!:(!3#.'!'$)3.*(<!>$!&$%*&3$4!3#$!
)-3$5*&.1-3.*(!&$'/23'!*+!3#$!.(3&*4/)$4!F-.1$G$3!+&-0$>*&;!
*,$&!Z! )*00*(!0-.1$!4.'$-'$'!76!)*0%/3.(5!0$3&.)'! .9$9<!
%&$).'.*(<!&$)-22<!+V@')*&$<!-(4!-))/&-)69!"-72$!Z!'#*>'!3#$!
4$3-.2'! *+! 3#$! (/0$&.)! $,-2/-3.*(! &$'/23'! *+! 3#$! F-.1$G$3!
-%%&*-)#! *(! $-)#! )2-''! /'.(5! 3#$! 3$'3! 4-3-9! "#$! -,$&-5$!
&$)*5(.3.*(!-7.2.36!*+!3#$!-%%&*-)#!+*&!0-.1$!4.'$-'$!-33-.($4!
.(!3$&0'!*+!SM<!IM<!-(4!HV@')*&$!.'!L9NPL<!L9NOO<!-(4!L9NON<!
&$'%$)3.,$269! "#$! %&$'$(3$4! 0$3#*4! '#*>'! -(! *,$&-22!
)-3$5*&.1-3.*(!-))/&-)6!*+!NO9NVQ!+*&!-22!)2-''$'9!R0*(5!-22<!
3#$! #.5#$'3! -))/&-)6! .'! *73-.($4! +*&! 3#$! )-3$5*&.1-3.*(! *+!
\DM! )2-''! *+! ,-2/$! NP9YLQ9!"#$! &$)*5(.3.*(! -))/&-)6! +*&!
GD[!-(4!GDM!4.'$-'$!)-3$5*&.$'!.'!NO9XYQ!-(4!NO9NVQ9!
TABLE 3. Quantitative evaluation of the proposed MaizeNet model for 
each class. 

V%'#9()<$ >$B]I$ 7$B]I$ U6$B]I$ K33&)%3<$B]I$
=)#<$P#%5$

62('$
LC^__$ LC^`^$ LC^_H$ LC^_D$

J()'"#)1$
,#%5$a,.9"'$

LC^`H$ LC^`_$ LC^`S$ LC^`b$

J()'"#)1$
,#%5$62('$

LC^`^$ LC^`S$ LC^``$ LC^`^$

=)#<$P#%5$
62('$

LC^__$ LC^`^$ LC^_H$ LC^_D$

!

)
FIGURE 6.!Box-plot showing the overall results obtained using the 
proposed MaizeNet model on the maize disease dataset. 

"*!7$33$&!/(4$&'3-(4!3#$!%$&+*&0-()$!*+!*/&!-%%&*-)#<!>$!
#-,$! %&$'$(3$4! -! 7*A%2*3! +*&! 3#$! )*0%/3$4! $,-2/-3.*(!
%-&-0$3$&'!.(!H.59!X9!"#$!7*A%2*3!4.'%2-6'!3#$!4.'3&.7/3.*(!*+!
0*4$2! )-3$5*&.1-3.*(! */3%/3! -)&*''! 3#$! 4-3-7-'$! .(3*! +*/&!
8/-&3.2$'<!0$4.-(<!0-A.0/0<!0.(.0/0<!-(4!*/32.$&!,-2/$'9!
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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.!COMPARATIVE 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.!COMPARATIVE ANALYSIS WITH OTHER DETECTION 
TECHNIQUES 
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)*0%-&-3.,$! 0$3#*4'! -&$! /(-72$! 3*! -))/&-3$26! 2*)-3$! 3#$!
4.'$-'$!&$5.*('!.(!0-.1$!2$-,$'!+&*0!3#$!(*.'6!7-);5&*/(49!
"#.'! .($++$)3.,$($''! .(! 4$3$)3.(5! 3#$! .(+$)3$4! -&$-'<!
%-&3.)/2-&26!'0-22!-(4!*7')/&$4!*($'<!2$-4'!3*!-!4$)&$-'$!.(!
3#$! *,$&-22! .4$(3.+.)-3.*(! -))/&-)69! H/&3#$&0*&$<! >$! #-,$!
$A-0.($4! 3#$! .(+$&$()$! 3.0$! *+! 3#$'$! -25*&.3#0'<! .9$9<! 3#$!
3.0$!&$8/.&$4!3*!%&*)$''!-(!.(%/3!'-0%2$!.(!*&4$&!3*!4$3$)3!
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3#$!4.'$-'$4!&$5.*('9!"*!)*0%/3$!3#$!.(+$&$()$!3.0$<!>$!/'$4!
3#$!3$'3!'-0%2$'!+&*0!3#$!4-3-'$3!-(4!)*0%/3$4!3#$!-,$&-5$!
.(+$&$()$!3.0$!+*&!-(!.(%/3!3-;$(!76!3#$!0*4$2!3*!%&*4/)$!3#$!
*/3%/39!"#$!%&*%*'$4!F-.1$G$3!0*4$2!#-'!-!4$3$)3.*(!3.0$!
*+!L9YX'<!>#.)#!.'!+-'3$&!3#-(!3#-3!*+!MMC9!"#$!.4$(3.+.)-3.*(!
3.0$!*+!*/&!-%%&*-)#!.'!-3!2$-'3!L9LO'!'2*>$&!-'!)*0%-&$4!3*!
`]D]! -(4! '3-(4-&4! H-'3$&@IJGG<! #*>$,$&<! 3#$!
.4$(3.+.)-3.*(! -))/&-)6! *+! */&! -%%&*-)#! .'! '.5(.+.)-(326!
#.5#$&!3#-(!3#$'$!0$3#*4'9!"#$'$!&$%*&3$4!&$'/23'!'#*>!3#-3!
F-.1$G$3! +&-0$>*&;! .'! $++$)3.,$! +*&! 3#$! 2*)-2.1-3.*(! -(4!
)2-''.+.)-3.*(! *+! 0-.1$! 4.'$-'$! &$5.*('! +&*0! 3#$! .(%/3!
'-0%2$'9!:(!*/&!0$3#*4<!3#$!-44$4!-33$(3.*(!0$)#-(.'0!2$4!
3#$!($3>*&;!3*!2$-&(!3#$!4.++$&$(3!3&-('+*&0-3.*('!$++$)3.,$26!
-2*(5! '%-3.-2! -(4! )#-(($2! 4.0$('.*('! -(4! .0%&*,$4! 3#$!
+$-3/&$!.(+*&0-3.*(!*+!3#$!3-&5$3!&$5.*('9!:3!-2'*!$(#-()$4!3#$!
.(+*&0-3.*(! *+! '0-22! 3-&5$3'! -2*(5! >.3#! *,$&2-%%$4! -(4!
*))2/4$4! -&$-'9! "#.'! -''.'3$4! 3#$! 4$3$)3.*(! +&-0$>*&;! 3*!
.4$(3.+6! 3#$! 3-&5$3! &$5.*(!*+! .(3$&$'3!0*&$!%&$).'$26<!>#.)#!
/23.0-3$26! .0%&*,$4! 3#$! *,$&-22! 4$3$)3.*(! -))/&-)6! *+! 3#$!
4.'$-'$4!'%*3'!.(!3#$!%&$'$()$!*+!)*0%2$A!(-3/&-2!)*(4.3.*('9!!
TABLE 5. Comparative results with different object detection 
techniques. 

N#'"(-$ @K>$ Q15#)#13#$
'.@#B*I$

efPf$ LC_`$ LCF^$
664$ LC`F$ LCHG$

U%*'#)T7VJJ$ LC_^$ LCDH$
>)(2(*#-$

BN%.O#J#'I$
LC^G$ LCDb$

F.!COMPARATIVE ANALYSIS WITH OTHER LATEST 
METHODS 
=$&$<! >$! %&$'$(3$4! -(! -''$''0$(3! *+! 3#$! -))/&-)6! *+! */&!
0$3#*4!+*&!)-3$5*&.1.(5!0-.1$!2$-+!4.'$-'$!>.3#!3#$!&$'/23'!
+&*0!%&$,.*/'!'3/4.$'!3#-3!/'$4!3#$!'-0$!4-3-'$3!.9$9<!JClM9!
"-72$!X!.22/'3&-3$'!-!)*0%-&.'*(!*+!3#$!%&$'$(3$4!0$3#*4!3*!
3#$!-,$&-5$!-))/&-).$'!*73-.($4!/'.(5!$A.'3.(5!0$3#*4'9!:(!
UXLW<! 3&-('+$&! 2$-&(.(5! >-'! /'$4! +*&! 3&-.(.(5! +.,$! 4.++$&$(3!
%&$@3&-.($4!CD!-%%&*-)#$'!'/)#!-'!:()$%3.*(^Z<!I$'G$3KL<!
^\\VX<!C$('$G$3VXN<!-(4!j)$%3.*(G$3!3*!&$)*5(.1$!)*&(!
4.'$-'$!+&*0!.0-5$'9!"#.'!'3/46!-''$''$4!3#$!5$($&-2.1-7.2.36!
*+!$0%2*6$4!0*4$2'!/(4$&!4.++$&$(3!)*(4.3.*('9!"#$!&$'/23'!
'#*>$4! 3#-3! 3#$! C$('$G$3VXN! -%%&*-)#! %$&+*&0$4! 7$33$&!
3#-(!3#$!*3#$&!K!+&-0$>*&;'!>.3#!3#$!#.5#$'3!5$($&-2.1-3.*(!
-))/&-)6!*+!PV9XLQ9!M.0.2-&26<!.(!UXXW<!3#$!-/3#*&'!!%&$'$(3$4!
-!JGG!0*4$2!(-0$26!CHJRG$3!)*0%&.'.(5!4$$%!'$%-&-72$!
)*(,*2/3.*(! +*&! 3#$! )2-''.+.)-3.*(! *+! 0-.1$! 4.'$-'$9! "#$!
0$3#*4! .()2/4$'! 4/-2! +$-3/&$! +/'.*(! >.3#! )**&4.(-3$!
-33$(3.*(! -(4! 4*>(@'-0%2.(5! 0*4/2$'! 3*! )*0%/3$! 4.'$-'$!
&$%&$'$(3-3.,$!+$-3/&$!'$39!"#.'!0$3#*4!-)#.$,$4!-(!-,$&-5$!
&$)*5(.3.*(! -))/&-)6! *+! NP9TOQ9! :(! UXTW<! M.0%2$! D.($-&!
:3$&-3.,$! J2/'3$&.(5! BMD:JE! '$50$(3-3.*(! 0$3#*4! >-'!
.(.3.-226! /3.2.1$4! 3*! 5$($&-3$! '/%$&@%.A$2'! +*&! .0-5$'!
7$2*(5.(5! 3*!4.++$&$(3!4.'$-'$'! 3#-3! '$&,$4!-'! 3&-.(.(5!4-3-!
+*&! 4.++$&$(3! CD! 0*4$2'! '/)#! -'! ^\\VX<! C$('$G$3VYV<!
I$'G$3KL<! -(4! j)$%3.*(G$39! "#$'$! 0*4$2'! >$&$! 3#$(!
/3.2.1$4!3*!)2-''.+6!.(+$)3.*/'!4.'$-'$!'%*3'!*(!0-.1$!2$-,$'!

.(3*!&$'%$)3.,$!)2-''$'9!"#$!0-A.0/0!-))/&-)6!*+!NO9OOQ!
4/&.(5!3$'3.(5!>-'!*73-.($4!/'.(5!3#$!C$('$G$3VYV!($3>*&;!
#-,.(5!-!'.50-!')*&$!*+!+.,$!-(4!4.,.4.(5!$-)#!.0-5$!.(3*!
+.,$! '$50$(3'9! "#$! >*&;! .(! UXKW! %&*%*'$4! -! 3>*@'3-5$!
'$0-(3.)!'$50$(3-3.*(!0$3#*4!7-'$4!*(!iG$3<!M$5G$3!-(4!
C$$%D-7,Zk! 0*4$2! 3*! $'3.0-3$! 3#$! '$,$&.36! *+! )*&(! 2$-+!
4.'$-'$!2$'.*('9!:(!3#$!+.&'3!'3-5$<!3#$!)*0%2$3$!2$-+!%*&3.*(!.'!
'$%-&-3$4! /'.(5! 3#$'$! ($3>*&;'<! >#.2$! 3#$! '$)*(4! '3-5$!
+*)/'$'! *(! .4$(3.+6.(5! -(4! '$50$(3.(5! 3#$! 4.'$-'$! '%*3'!
>.3#.(!3#$!%&$,.*/'26!'$50$(3$4!2$-+9!"#$!%&*%*'$4!0$3#*4!
-)#.$,$4! -(! *,$&-22! -))/&-)6! *+! NY9ZOQ! /'.(5! iG$3! -(4!
C$$%D-7,Zk!($3>*&;'9!"#$!0$3#*4'!%&$'$(3$4! .(! UXL<!XXW!
%$&+*&0$4! .0-5$@2$,$2! )2-''.+.)-3.*(! 3#-3! )-(! &$'/23! .(!
.()*&&$)3! %&$4.)3.*('! 4/$! 3*! -! )*0%2$A! 7-);5&*/(4!
$(,.&*(0$(39! F*&$*,$&<! 3#$! %&$'$()$! *+! 0/23.%2$! 4.'$-'$!
4.'$-'$'!.(!-!'-0%2$!)-(!&$'/23!.(!#.5#!+-2'$!)2-''.+.)-3.*(!+*&!
&$-2@>*&24! ')$(-&.*'9! ](! 3#$! *3#$&! #-(4<! 3#$! -%%&*-)#!
%&$'$(3$4!.(!UXT<!XKW!.(.3.-226!%$&+*&0'!-!'$50$(3-3.*(!'3$%<!
>#.)#! )-(! 7$! )*0%/3-3.*(-226! )*0%2$A9! :(! )*(3&-'3<! */&!
0$3#*4! %$&+*&0'! 7*3#! 3#$! 2*)-2.1-3.*(! -(4! &$)*5(.3.*(! *+!
0-.1$!2$'.*('<!-)#.$,.(5!-(!-))/&-)6!*+!NO9PNQ!*(!3#$!'-0$!
4-3-'$39!"#$!&$%*&3$4!&$'/23!4$0*('3&-3$'! 3#$!&*7/'3($''!*+!
*/&!%&*%*'$4!0*4$2!+*&!4$3$)3.(5!0-.1$!4.'$-'$'!.(!3#$!+.$24!
>#$(! )*0%-&$4! 3*! *3#$&! 0$3#*4'9! "#.'! .'! 7$)-/'$! */&!
0$3#*4! $++$)3.,$26! )*0%/3$'! 3#$! +.($@2$,$2! 4.'$-'$!
)#-&-)3$&.'3.)'! -2*(5! '%-3.-2! -(4! )#-(($2! 4.0$('.*('! +&*0!
3#$! .(%/39! R'! -! &$'/23<! 3#$! 4$3$)3.*(! ($3>*&;! -))/&-3$26!
2*)-3$'!3#$!3-&5$3!&$5.*(!*+!.(3$&$'3<!/23.0-3$26!.0%&*,.(5!3#$!
*,$&-22! 4$3$)3.*(! -))/&-)6! *+! 4.'$-'$4! '%*3'! .(! )*0%2$A!
$(,.&*(0$(3-2!)*(4.3.*('9!!
TABLE 6. Comparison with existing methods over the CD&S database. 

7#5#)#13#$$ N#'"(-) K33&)%3<$
K"@%-$#'$%,C$XbLY$ !)%1*5#)$,#%)1.19$&*.19$

4#1*#J#'Fb^$
_FCbL$

>"%1$#'$%,C$XbGY! 6PQV$@#'"(-$+.'"$
4#1*#J#'FDF$VJJ$

^`C``]!

V"#1$#'$%,C$XbbY$ 4UVKJ#'$VJJ$ ^_CG`]$
4.;<%1'"$#'$%,C$
XbSY$

:J#'$%1-$4##2P%A;Hg$ ^DCH`]$

>)(2(*#-$
BN%.O#J#'I!

K''#1'.(1TA%*#-$U%*'#)T7VJJ$
+.'"$7#*J#'TSL$A%3/A(1#$
1#'+()/$

^`C_^]$

V.!CONCLUSION 
"#.'!>*&;!#-'!%&$'$(3$4!-!CD!-%%&*-)#!)-22$4!3#$!F-.1$G$3!
3*! 2*)-2.1$! -(4! )-3$5*&.1$!,-&.*/'! 36%$'!*+!0-.1$!%2-(3! 2$-+!
4.'$-'$'9! J2$-&26<! -(! .0%&*,$4! H-'3$&@IJGG! -%%&*-)#! .'!
%&$'$(3$4! 3#-3! /3.2.1$'! 3#$! I$'G$3@KL! 0*4$2! >.3#! '%-3.-2@
)#-(($2! -33$(3.*(! -'! .3'! ;$6%*.(3'! $A3&-)3*&9! "#$! >*&;! .'!
$,-2/-3$4!/'.(5!-!'3-(4-&4!4-3-'$3!(-0$4!JClM!3*!'#*>!.3'!
$++$)3.,$($''9! "#.'! 4-3-'$3! )*(3-.('! .0-5$'! >.3#! '$,$&-2!
'-0%2$!4.'3*&3.*('! 2.;$!(*.'$<!72/&&.(5<!)*2*&<! 2.5#3<!-(4!'.1$!
,-&.-3.*('9!R(!$A3$('.,$!$A%$&.0$(3-2!-(-26'.'!>.3#!3#$!#$2%!
*+! 4.++$&$(3! '3-(4-&4! $,-2/-3.*(! %-&-0$3$&'! .'! %$&+*&0$4! 3*!
.(4.)-3$!3#$!$++.)-)6!*+!3#$!.(3&*4/)$4!>*&;9!?$!#-,$!-''/&$4!
3#&*/5#! 7*3#! 3#$! %.)3*&.-2! -(4! 8/-(3.3-3.,$! &$'/23'! 3#-3! 3#$!
F-.1$G$3!0*4$2!.'!%&*+.).$(3!.(!2*)-3.(5!-(4!)-3$5*&.1.(5!3#$!
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0-.1$! )&*%! 2$-+! 4.'*&4$&'! >.3#! -(! -))/&-)6! *+! NO9PNQ9! :(!
+/3/&$! >*&;<! >$! -&$! %2-((.(5! 3*! $,-2/-3$! 3#$! %&*%*'$4!
-%%&*-)#!*,$&!*3#$&!)#-22$(5.(5!4-3-'$3'9!F*&$*,$&<!>$!>.22!
$A%2*&$! *3#$&! CD! -%%&*-)#$'! 3*! +/&3#$&! $(#-()$! 3#$!
)2-''.+.)-3.*(!&$'/23'9!!
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