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Abstract. Pl~ant l~e$af d~i~se$ase$ i~s one$ of the$ major factors re$d~u$ci~ng$ ag$ri~cu$l~tu$ral~ prod~u$cti~vi~ty~, y~e$t the$ conve$nti~onal~ vi~su$al~-

i~d~e$nti~fi~cati~on me$thod~ u$se$d~ by~ farme$rs re$mai~ns su$bje$cti~ve$, ti~me$-consu$mi~ng$, and~ d~e$pe$nd~e$nt on l~i~mi~te$d~ e~pe$rt 

avai~l~abi~l~i~ty~. Most pri~or stu$d~i~e$s ad~d~re$ss thi~s probl~e$m u$si~ng$ Convol~u$ti~onal~ Ne$u$ral~ Ne$twork$ (CNN)-base$d~ 

archi~te$ctu$re$s, whi~ch are$ i~nhe$re$ntl~y~ l~i~mi~te$d~ by~ the$i~r l~ocal~ re$ce$pti~ve$ fi~e$l~d~ and~ the$re$fore$ stru$g$g$l~e$ to captu$re$ g$l~obal~ 

spati~al~ conte~t i~n compl~e~ d~i~se$ase$ patte$rns. Thi~s stu$d~y~ propose$s a Vi~si~on Transforme$r (Vi~T), spe$ci~fi~cal~l~y~ the$ Vi~T-

Smal~l~/16 (Vi~T-S/16) vari~ant, to cl~assi~fy~ pl~ant l~e$af d~i~se$ase$ u$si~ng$ the$ Ope$n L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~), whi~ch 

contai~ns 4,749 l~e$af i~mag$e$s across 57 u$ni~qu$e$ cl~asse$s from e$i~g$ht major crop spe$ci~e$s. The$ Vi~T-S/16 mod~e$l~ d~i~vi~d~e$s 

e$ach i~npu$t i~mag$e$ i~nto 196 non-ove$rl~appi~ng$ 16×16-pi~xe$l~ patche$s and~ appl~i~e$s a Mu$l~ti~-He$ad~ Se$l~f-Atte$nti~on 

me$chani~sm to mod~e$l~ l~ong$-rang$e$ d~e$pe$nd~e$nci~e$s be$twe$e$n i~mag$e$ re$g$i~ons, al~l~owi~ng$ i~t to captu$re$ the$ g$l~obal~ spati~al~ 

conte~t that CNN-base$d~ approache$s ty~pi~cal~l~y~ mi~ss. The$ re$su$l~ti~ng$ cl~assi~fi~cati~on mod~e$l~ i~s i~nte$g$rate$d~ i~nto a we$b-base$d~ 

appl~i~cati~on wi~th a u$se$r i~nte$rface$, al~l~owi~ng$ farme$rs and~ ag$ri~cu$l~tu$ral~ e~te$nsi~on work$e$rs to obtai~n d~i~se$ase$ d~i~ag$nose$s 

d~i~re$ctl~y~ i~n the$ fi~e$l~d~. On the$ he$l~d~-ou$t te$st se$t, the$ trai~ne$d~ Vi~T-Smal~l~/16 mod~e$l~ achi~e$ve$d~ an accu$racy~ of 65.32%, wi~th 

macro-ave$rag$e$d~ pre$ci~si~on, re$cal~l~, and~ F1-score$ of 65.64%, 57.87%, and~ 58.33% re$spe$cti~ve$l~y~ (we$i~g$hte$d~ ave$rag$e$s 

of 67.56%, 65.32%, and~ 63.80%). Confu$si~on matri~x anal~y~si~s shows that most mi~scl~assi~fi~cati~ons occu$r be$twe$e$n 

cl~ose$l~y~ re$l~ate$d~ nu$tri~e$nt-d~e$fi~ci~e$ncy~ su$b-cl~asse$s wi~thi~n the$ same$ crop spe$ci~e$s, whi~l~e$ confu$si~on across d~i~ffe$re$nt crop 

spe$ci~e$s i~s mi~ni~mal~. The$se$ fi~nd~i~ng$s d~e$monstrate$ the$ pote$nti~al~ of the$ Vi~si~on Transforme$r as a conte~t-

aware$ al~te$rnati~ve$ to CNN for l~arg$e$-scal~e$, fi~ne$-g$rai~ne$d~ pl~ant d~i~se$ase$ cl~assi~fi~cati~on, whi~l~e$ al~so hi~g$hl~i~g$hti~ng$ an 

ove$rfi~tti~ng$ g$ap be$twe$e$n trai~ni~ng$ and~ val~i~d~ati~on pe$rformance$ that l~e$ave$s room for fu$rthe$r opti~mi~zati~on.  
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Abstrak. Pe$ny~ak$i~t d~au$n tanaman me$ru$pak$an sal~ah satu$ fak$tor u$tama pe$nu$ru$nan prod~u$k$ti~vi~tas pe$rtani~an, se$me$ntara 

me$tod~e$ i~d~e$nti~fi~k$asi~ vi~su$al~ k$onve$nsi~onal~ y~ang$ d~i~g$u$nak$an pe$tani~ masi~h be$rsi~fat su$bje$k$ti~f, me$mak$an wak$tu$, d~an 

be$rg$antu$ng$ pad~a k$e$te$rse$d~i~aan te$nag$a ahl~i~ y~ang$ te$rbatas. Se$bag$i~an be$sar pe$ne$l~i~ti~an te$rd~ahu$l~u$ me$ng$atasi~ masal~ah 

i~ni~ me$ng$g$u$nak$an arsi~te$k$tu$r Convol~u$ti~onal~ Ne$u$ral~ Ne$twork$ (CNN), y~ang$ se$cara i~nhe$re$n d~i~batasi~ ol~e$h l~ocal~ 

re$ce$pti~ve$ fi~e$l~d~ se$hi~ng$g$a su$l~i~t me$nang$k$ap k$onte$k$s spasi~al~ g$l~obal~ pad~a pol~a pe$ny~ak$i~t y~ang$ k$ompl~e$k$s. Pe$ne$l~i~ti~an i~ni~ 

me$ng$u$su$l~k$an Vi~si~on Transforme$r (Vi~T), k$hu$su$sny~a vari~an Vi~T-Smal~l~/16 (Vi~T-S/16), u$ntu$k$ me$ng$k$l~asi~fi~k$asi~k$an 

pe$ny~ak$i~t d~au$n tanaman me$ng$g$u$nak$an Ope$n L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~) y~ang$ te$rd~i~ri~ atas 4.749 ci~tra d~au$n d~ari~ 

57 k$e$l~as u$ni~k$ pad~a d~e$l~apan spe$si~e$s tanaman u$tama. Mod~e$l~ Vi~T-S/16 me$mbag$i~ se$ti~ap ci~tra masu$k$an me$njad~i~ 196 

patch be$ru$k$u$ran 16×16 pi~k$se$l~ y~ang$ ti~d~ak$ sal~i~ng$ tu$mpang$ ti~nd~i~h, k$e$mu$d~i~an me$ne$rapk$an me$k$ani~sme$ Mu$l~ti~-He$ad~ 

Se$l~f-Atte$nti~on u$ntu$k$ me$mod~e$l~k$an k$e$te$rg$antu$ng$an jarak$ jau$h antarwi~l~ay~ah ci~tra, se$hi~ng$g$a mampu$ me$nang$k$ap 

k$onte$k$s spasi~al~ g$l~obal~ y~ang$ u$mu$mny~a te$rl~e$watk$an ol~e$h pe$nd~e$k$atan be$rbasi~s CNN. Mod~e$l~ k$l~asi~fi~k$asi~ 

y~ang$ d~i~hasi~l~k$an d~i~i~nte$g$rasi~k$an k$e$ d~al~am apl~i~k$asi~ be$rbasi~s we$b y~ang$ d~i~l~e$ng$k$api~ antarmu$k$a pe$ng$g$u$na, se$hi~ng$g$a 

pe$tani~ d~an pe$ny~u$l~u$h pe$rtani~an d~apat me$mpe$rol~e$h d~i~ag$nosi~s pe$ny~ak$i~t se$cara l~ang$su$ng$ d~i~ l~apang$an. D~ata u$ji~ pad~a 

mod~e$l~ Vi~T-Smal~l~/16 y~ang$ te$l~ah d~i~l~ati~h me$ncapai~ ak$u$rasi~ se$be$sar 65,32%, d~e$ng$an pre$ci~si~on, re$cal~l~, d~an F1-

score$ rata-rata mak$ro be$rtu$ru$t-tu$ru$t se$be$sar 65.64%, 57.87%, d~an 58.33% (rata-rata te$rti~mbang$ se$be$sar 67.56%, 

65.32%, d~an 63.80%). Anal~i~si~s confu$si~on matri~x me$nu$nju$k$k$an bahwa se$bag$i~an be$sar k$e$sal~ahan k$l~asi~fi~k$asi~ te$rjad~i~ 

antarsu$bk$e$l~as d~e$fi~si~e$nsi~ nu$tri~si~ y~ang$ be$rk$e$rabat d~e$k$at pad~a spe$si~e$s tanaman y~ang$ sama, se$me$ntara k$e$sal~ahan 

antarspe$si~e$s tanaman re$l~ati~f k$e$ci~l~. Te$mu$an i~ni~ me$nu$nju$k$k$an pote$nsi~ Vi~si~on Transforme$r se$bag$ai~ al~te$rnati~f 

y~ang$ pe$k$a k$onte$k$s (conte~t-aware$) te$rhad~ap CNN u$ntu$k$ k$l~asi~fi~k$asi~ pe$ny~ak$i~t d ~au$n tanaman be$rsk$al~a be$sar d~an 

be$rbu$ti~r hal~u$s (fi~ne$-g$rai~ne$d~), se$k$al~i~g$u$s me$ng$u$ng$k$ap ad~any~a k$e$se$njang$an ove$rfi~tti~ng$ antara k$i~ne$rja pe$l~ati~han d~an 

val~i~d~asi~ y~ang$ masi~h te$rbu$k$a u$ntu$k$ d~i~opti~mal~k$an l~e$bi~h l~anju$t. 

Kata Kunci - Vi~si~on Transforme$r, k$l~asi~fi~k$asi~ pe$ny~ak$i~t tanaman, d~e$e$p l~e$arni~ng$, se$l~f-atte$nti~on, k$l~asi~fi~k$asi~ ci~tra.
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I. PENDAHULUAN  

Se$k$tor pe$rtani~an me$ny~e$d~i~ak$an pang$an, bahan bak$u$, d~an l~apang$an k$e$rja y~ang$ pe$nti~ng$ bag$i~ pe$re$k$onomi~an 

su$atu$ ne$g$ara. D~i~ I~nd~one$si~a, se$k$tor i~ni~ me$ng$had~api~ be$rbag$ai~ tantang$an si~g$ni~fi~k$an, te$rmasu$k$ me$nu$ru$nny~a mi~nat 

g$e$ne$rasi~ mu$d~a te$rhad~ap bi~d~ang$ pe$rtani~an d~an pe$rsoal~an pe$ny~ak$i~t tanaman y~ang$ te$ru$s be$rl~ang$su$ng$ [1]. Pe$ny~ak$i~t 

d~au$n se$ri~ng$ me$njad~i~ i~nd~i~k$ator awal~ g$ang$g$u$an k$e$se$hatan tanaman; apabi~l~a ti~d~ak$ se$g$e$ra d~i~d~i~ag$nosi~s d~an d~i~tang$ani~, 

pe$ny~ak$i~t te$rse$bu$t d~apat me$ny~e$bar l~u$as d~an me$ni~mbu$l~k$an k$e$ru$g$i~an pane$n y~ang$ be$sar, me$ng$i~ng$at be$rbag$ai~ k$aji~an 

pe$rtani~an g$l~obal~ me$nu$nju$k$k$an bahwa pe$ny~ak$i~t tanaman me$ny~e$babk$an k$e$ru$g$i~an e$k$onomi~ hi~ng$g$a mi~l~i~aran d~ol~ar 

se$ti~ap tahu$n [2]. Me$tod ~e$ k$onve$nsi~onal~ y~ang$ d~i~g$u$nak$an pe$tani~ u$ntu$k$ me$ng$i~d~e$nti~fi~k$asi~ pe$ny~ak$i~t d~au$n ad~al~ah 

pe$ng$amatan vi~su$al~. Pe$nd~e$k$atan manu$al~ i~ni~ me$mi~l~i~k$i~ be$be$rapa k$e$l~e$mahan me$nd~asar, y~ai~tu$ su$bje$k$ti~vi~tas d~i~ag$nosi~s, 

wak$tu$ pe$me$ri~k$saan y ~ang$ l~ama u$ntu$k$ are$a y~ang$ l~u$as, d~an k$e$te$rg$antu$ng$an pad~a k$e$ahl~i~an spe$si~al~i~s 

y~ang$ ti~d~ak$ se$l~al~u$ te$rse$d~i~a d~i~ wi~l~ay~ah pe$rtani~an [3]. D~i~ag$nosi~s y~ang$ te$rl~ambat d~an ti~d~ak$ ak$u$rat se$ri~ng$ k$al~i~ 

me$ng$ak$i~batk$an pe$nang$anan y~ang$ k$e$l~i~ru$, pe$mborosan pe$ng$g$u$naan pe$sti~si~d~a, d~an k$e$ru$sak$an l~i~ng$k$u$ng$an, se$hi~ng$g$a 

se$k$tor pe$rtani~an me$me$rl~u$k$an sol~u$si~ be$rbasi~s te$k$nol~og$i~ y~ang$ mampu$ me$nd~i~ag$nosi~s pe$ny~ak$i~t se$cara otomati~s, ce$pat, 

d~an ak$u$rat [4].  

Bany~ak$ pe$ne$l~i~ti~an te$rd~ahu$l~u$ me$ne$rapk$an arsi~te$k$tu$r Convol~u$ti~onal~ Ne$u$ral~ Ne$twork$ (CNN) u$ntu$k$ me$nd~e$te$k$si~ 

d~an me$ng$k$l~asi~fi~k$asi~k$an pe$ny~ak$i~t d~au$n tanaman [5]. Ak$an te$tapi~, CNN me$mi~l~i~k$i~ k$e$te$rbatasan me$nd~asar pad~a l~ocal~ 

re$ce$pti~ve$ fi~e$l~d~, se$hi~ng$g$a se$ri~ng$ k$al~i~ su$l~i~t me$nang$k$ap k$onte$k$s spasi~al~ g$l~obal~ pad~a ci~tra d~e$ng$an pol~a pe$ny~ak$i~t 

y~ang$ k$ompl~e$k$s. K$ond~i~si~ i~ni~ me$nd~orong$ pe$rl~u$ny~a arsi~te$k$tu$r y~ang$ mampu$ me$mod~e$l~k$an k$e$te$rg$antu$ng$an jarak$ jau$h 

(l~ong$-rang$e$ d~e$pe$nd~e$nci~e$s) pad~a k$e$se$l~u$ru$han ci~tra se$k$al~i~g$u$s [6]. Sol~u$si~ pe$ne$l~i~ti~an i~ni~ me$ng$u$su$l~k$an Vi~si~on 

Transforme$r (Vi~T), k$hu$su$sny~a vari~an Vi~T-Smal~l~/16 (Vi~T-S/16), y~ang$ be$rad~a pad~a ti~ti~k$ Pare$to-opti~mal~ antara 

ak$u$rasi~ d~an e$fi~si~e$nsi~ k$ompu$tasi~: me$mi~l~i~k$i~ se$k$i~tar 22 ju$ta parame$te$r, jau$h l~e$bi~h ri~ng$an d~i~band~i~ng$k$an Vi~T-Base$/16 

(86 ju$ta parame$te$r), namu$n te$tap me$mi~l~i~k$i~ k$apasi~tas me$mad~ai~ u$ntu$k$ me$mbe$d~ak$an bany~ak$ k$e$l~as pe$ny~ak$i~t. 

K$onvol~u$si~ stand~ar be$rbe$d~a d~e$mg$an Vi~T-S/16 y~ang$ me$mbag$i~ ci~tra me$njad~i~ patch be$ru$k$u$ran te$tap 

y~ang$ ti~d~ak$ sal~i~ng$ tu$mpang$ ti~nd~i~h d~an me$ng$g$u$nak$an me$k$ani~sme$ Se$l~f-Atte$nti~on u$ntu$k$ me$mpe$l~ajari~ k$e$te$rg$antu$ng$an 

jarak$ jau$h antarbag$i~an ci~tra [7], pe$nd~e$k$atan y~ang$ te$l~ah te$rbu$k$ti~ me$ng$u$ng$g$u$l~i~ CNN k$onve$nsi~onal~ pad~a be$rbag$ai~ 

tu$g$as d~e$te$k$si~ vi~su$al~ [8]. 

Mod~e$l~ k$l~asi~fi~k$asi~ y ~ang$ ak$u$rat pe$rl~u$ d~i~i~nte$g$rasi~k$an k$e$ d~al~am pl~atform y~ang$ apl~i~k$ati~f ag$ar be$rmanfaat d~i~ 

l~apang$an. L~u$aran pe$ne$l~i~ti~an i~ni~ be$ru$pa mod~e$l~ k$l~asi~fi~k$asi~ be$rbasi~s Vi~si~on Transforme$r y~ang$ d~i~l~e$ng$k$api~ antarmu$k$a 

pe$ng$g$u$na u$ntu$k$ me$nd~e$te$k$si~ pe$ny~ak$i~t d~au$n tanaman se$cara otomati~s, se$hi~ng$g$a pe$tani~ d~an pe$ny~u$l~u$h pe$rtani~an d~apat 

me$mpe$rol~e$h d~i~ag$nosi~s y~ang$ ce$pat d~an ak$u$rat se$cara l~ang$su$ng$ d~i~ l~apang$an [9],[10]. L~atar be$l~ak$ang$ pe$ne$l~i~ti~an i~ni~ 

be$rtu$ju$an u$ntu$k$ me$rancang$ mod~e$l~ k$l~asi~fi~k$asi~ pe$ny~ak$i~t d~au$n tanaman me$ng$g$u$nak$an Vi~si~on Transforme$r (Vi~T-

Smal~l~/16) pad~a Ope$n L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~) [11], me$ng$i~mpl~e$me$ntasi~k$an mod~e$l~ y~ang$ d~i~hasi~l~k$an k$e$ d~al~am 

apl~i~k$asi~ be$rbasi~s we$b u$ntu$k$ me$ng$k$l~asi~fi~k$asi~k$an pe$ny~ak$i~t d~au$n tanaman, d~an me$ng$anal~i~si~s k$i~ne$rja mod~e$l~ 

be$rd~asark$an Accu$racy~, Pre$ci~si~on, Re$cal~l~, d~an F1-Score$. Pe$ne$l~i~ti~an i~ni~ d~i~batasi~ pad~a arsi~te$k$tu$r Vi~si~on Transforme$r, 

d~atase$t OL~I~D~ I~ 4.749 ci~tra d~au$n d~ari~ 57 k$e$l~as pad~a d~e$l~apan tanaman y~ang$ d~i~tanam d~i~ Bang$l~ad~e$sh, d~al~am k$ond~i~si~ 

se$hat, k$e$k$u$rang$an nu$tri~si~, d~an te$rse$rang$ hama se$rta antarmu$k$a apl~i~k$asi~ y~ang$ d~i~rancang$ k$hu$su$s u$ntu$k$ masu$k$an ci~tra 

d~an me$nampi~l~k$an hasi~l~ k$l~asi~fi~k$asi~ mod~e$l~. 

Pe$ne$l~i~ti~an me$ng$e$nai~ k$l~asi~fi~k$asi~ pe$ny~ak$i~t d~au$n tanaman hi~ng$g$a saat i~ni~ se$bag$i~an be$sar masi~h d~i~d~omi~nasi~ ol~e$h 

arsi~te$k$tu$r be$rbasi~s CNN. Pe$ny~ak$i~t d~au$n tomat, be$be$rapa pe$ne$l~i~ti~an me$ne$rapk$an mod~e$l~ Re$sNe$t-50 [12] d~an CNN 

stand~ar [13], se$rta pe$nd~e$k$atan e$nse$mbl~e$ CNN [14]. Pe$ny~ak$i~t d~au$n k$e$ntang$ te$l~ah d~i~k$l~asi~fi~k$asi~k$an me$ng$g$u$nak$an 

mod~e$l~ g$abu$ng$an CNN d ~an RNN [15]. U$ntu$k$ pe$ny~ak$i~t d~au$n cabai~, CNN te$l~ah d ~i~g$u$nak$an u$ntu$k$ d~e$te$k$si~ d~i~ni~ [16]. 

Pe$ny~ak$i~t d~au$n pad~i~ te$l~ah d~i~k$aji~ me$ng$g$u$nak$an K$NN d~e$ng$an G$L~CM d~an Canny~ e$d~g$e$ d~e$te$cti~on [17], apl~i~k$asi~ CNN 

be$rbasi~s mobi~l~e$ d~e$ng$an i~nte$g$rasi~ Fi~re$base$ se$cara re$al~-ti~me$ [18], se$rta si~ste$m k$l~asi~fi~k$asi~ d~an pe$mantau$an be$rbasi~s 

CNN [19], [20]. Arsi~te$k$tu$r hy~bri~d~ VG$G$16–Re$sNe$t34 ju$g$a te$l~ah d~i~u$su$l~k$an u$ntu$k$ k$l~asi~fi~k$asi~ pe$ny~ak$i~t d~au$n se$cara 

u$mu$m [21]. Pe$nd~e$k$atan-pe$nd~e$k$atan be$rbasi~s CNN te$rse$bu$t me$l~apork$an ak$u$rasi~ y~ang$ bai~k$, te$tapi~ te$tap d~i~batasi~ ol~e$h 

l~ocal~ re$ce$pti~ve$ fi~e$l~d~: pe$rl~u$asan jang$k$au$an k$onte$k$sny~a me$me$rl~u$k$an pe$nu$mpu$k$an bany~ak$ l~api~san k$onvol~u$si~, 

y~ang$ me$ni~ng$k$atk$an bi~ay~a k$ompu$tasi~ d~an ri~si~k$o ove$rfi~tti~ng$, se$bag$ai~mana te$ramati~ pad~a be$be$rapa pe$ne$l~i~ti~an 

te$rse$bu$t. Pe$rband~i~ng$an ang$k$a ak$u$rasi~ se$cara l~ang$su$ng$ antarpe$ne$l~i~ti~an te$rse$bu$t k$u$rang$ be$rmak$na, k$are$na masi~ng$-

masi~ng$ me$ng$g$u$nak$an d~atase$t y~ang$ be$rbe$d~a d~ari~ se$g$i~ je$ni~s tanaman, ju$ml~ah k$e$l~as, d~an k$ond~i~si~ ci~tra.i~njau$an 

l~i~te$ratu$r, be$l~u$m ad~a pe$ne$l~i~ti~an se$be$l~u$mny~a y~ang$ me$ng$e$val~u$asi~ Vi~si~on Transforme$r mu$rni~, tanpa k$ompone$n 

k$onvol~u$si~ sama se$k$al~i~, pad~a tu$g$as k$l~asi~fi~k$asi~ pe$ny~ak$i~t tanaman d~e$ng$an ju$ml~ah k$e$l~as se$bany~ak$ d~atase$t OL~I~D~ I~ 

y~ang$ te$rd~i~ri~ atas 57 k$e$l~as. Ol~e$h k$are$na i~tu$, pe$ne$l~i~ti~an i~ni~ be$rtu$ju$an me$ng$i~si~ k$e$se$njang$an te$rse$bu$t d~e$ng$an 

me$ng$e$val~u$asi~ se$cara l~ang$su$ng$ k$e$mampu$an Vi~T-Smal~l~/16 d~al~am me$mod~e$l~k$an k$onte$k$s ci~tra g$l~obal~ me$l~al~u$i~ 

me$k$ani~sme$ Se$l~f-Atte$nti~on pad~a tu$g$as k$l~asi~fi~k$asi~ mu$l~ti~-tanaman y~ang$ be$rbu$ti~r hal~u$s (fi~ne$-g$rai~ne$d~) i~ni~, se$rta 

me$l~apork$an te$mu$anny~a se$bag$ai~ re$fe$re$nsi~ bag$i~ pe$ne$l~i~ti~an k$l~asi~fi~k$asi~ pe$ny~ak$i~t tanaman be$rbasi~s d~e$e$p 

l~e$arni~ng$ se$l~anju$tny~a. 
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II. METODE 

2.1 Alur Penelitian 

Pe$ne$l~i~ti~an i~ni~ d~i~l~ak$sanak$an me$l~al~u$i~ be$be$rapa tahap y~ang$ d~i~su$su$n se$cara si~ste$mati~s, mu$l~ai~ d~ari~ pe$ng$u$mpu$l~an 

d~atase$t hi~ng$g$a e$val~u$asi~ mod~e$l~ d~an i~mpl~e$me$ntasi~ny~a k$e$ d~al~am apl~i~k$asi~ be$rbasi~s we$b, se$bag$ai~mana d~i~i~l~u$strasi~k$an 

pad~a G$ambar 1. 
 

 

Gambar 1. Al~u$r Pe$nelitian 

G$ambar 1 me$nu$nju$k$an al~u$r pe$ne$l~i~ti~an se$cara k$e$se$l~u$ru$han. Pe$ne$l~i~ti~an i~ni~ d ~i~awal~i~ d~e$ng$an pe$ng$u$mpu$l~an Ope$n 

L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~), d~i~l~anju$tk$an d~e$ng$an praprose$s ci~tra d~an e$k$strak$si~ patch u$ntu$k$ me$mpe$rsi~apk$an d~ata 

se$su$ai~ format masu$k$an Vi~si~on Transforme$r. Mod~e$l~ Vi~T-Smal~l~/16 k$e$mu$d~i~an d~i~rancang$, d~i~l~ati~h, d~an d~i~e$val~u$asi~ 

me$ng$g$u$nak$an me$tri~k$ k$l~asi~fi~k$asi~ stand~ar, se$be$l~u$m mod~e$l~ y~ang$ d~i~hasi~l~k$an ak$hi~rny~a d~i~i~nte$g$rasi~k$an k$e$ d~al~am 

apl~i~k$asi~ be$rbasi~s we$b u$ntu$k$ pe$ng$g$u$naan prak$ti~s. 

2.2 Dataset dan Praproses Citra 

D~atase$t y~ang$ d~i~g$u$nak$an d~al~am pe$ne$l~i~ti~an i~ni~ ad~al~ah Ope$n L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~) 

y~ang$ d~i~k$e$mbang$k$an ol~e$h Ork$a d~an k$awan k$awan (2023) d~an te$rse$d~i~a se$cara pu$bl~i~k$ me$l~al~u$i~ K$ag$g$l~e$ d~an Ze$nod~o 

[11]. OL~I~D~ I~ te$rd~i~ri~ atas 4.749 ci~tra d~au$n y~ang$ d~i~ambi~l~ pad~a k$ond~i~si~ l~apang$an al~ami~, te$rbag$i~ k$e$ d~al~am 57 k$e$l~as 

u$ni~k$ te$rmasu$k$ 16 k$e$l~as mu$l~ti~-l~abe$l~ y~ang$ me$re$pre$se$ntasi~k$an l~e$bi~h d~ari~ satu$ k$ond~i~si~ stre$s tanaman d~al~am satu$ ci~tra 

d~ari~ d~e$l~apan tanaman u$tama y~ang$ d~i~tanam d~i~ Bang$l~ad~e$sh, y~ai~tu$ tomat, te$rong$, me$nti~mu$n, pare$, oy~ong$, g$ambas, 

l~abu$ pu$ti~h, d~an l~abu$ botol~. Se$l~u$ru$h k$e$l~as d~i~k$e$l~ompok$k$an k$e$ d~al~am ti~g$a k$ate$g$ori~ u$tama, y~ai~tu$ se$hat, k$e$k$u$rang$an 

nu$tri~si~, d~an te$rse$rang$ hama. 
Se$l~u$ru$h pe$l~ati~han ci~tra d~i~ pre$proce$ssi~ng$ ag$ar d~ata masu$k$an Vi~si~on Transforme$r k$onsi~ste$n. Se$ti~ap ci~tra 

y~ang$ se$mu$l~a be$ru$k$u$ran 3024 × 3024 pi~k$se$l~ d~i~u$bah u$k$u$ranny~a me$njad~i~ 224 × 224 pi~k$se$l~ ag$ar se$su$ai~ d~e$ng$an 

k$e$bu$tu$han masu$k$an Vi~T, d~an ni~l~ai~ pi~k$se$l~ d~i~normal~i~sasi~ d~ari~ re$ntang$ 0–255 me$njad~i~ 0–1 d~e$ng$an me$mbag$i~ se$ti~ap 

ni~l~ai~ pi~k$se$l~ d~e$ng$an 255. D~atase$t k$e$mu$d~i~an d~i~bag$i~ me$njad~i~ su$bse$t pe$l~ati~han, val~i~d~asi~, d~an pe$ng$u$ji~an d~e$ng$an rasi~o 

75%:12,5%:12,5% (3.561/594/594 ci~tra) k$are$na Vi~T me$mi~l~i~k$i~ i~nd~u$cti~ve$ bi~as y~ang$ l~e$bi~h re$nd~ah d~i~band~i~ng$k$an CNN 

k$onve$nsi~onal~, se$hi~ng$g$a mod~e$l~ i~ni~ be$rsi~fat sang$at be$rg$antu$ng$ pad~a k$u$anti~tas d~ata (d~ata-hu$ng$ry~) 

u$ntu$k$ me$ng$opti~mal~k$an me$k$ani~sme$ se$l~f-atte$nti~on [22], d~e$ng$an u$k$u$ran batch se$be$sar 32. Au$g$me$ntasi~ d~ata fl~i~p 

hori~zontal~, rotasi~, zoom acak$, d~an she$ar acak$ d~i~te$rapk$an pad~a se$t pe$l~ati~han u$ntu$k$ me$ng$atasi~ k$e$ti~d~ak$se$i~mbang$an 

k$e$l~as d~an me$ni~ng$k$atk$an g$e$ne$ral~i~sasi~ mod~e$l~. 

2.3 Ekstraksi Patch 

E$k$strak$si~ Patch me$ru$pak$an i~nti~ d~ari~ praprose$s k$has Vi~T d~an me$njad~i~ pe$mbe$d~a me$nd~asar d~ari~ arsi~te$k$tu$r CNN. 

Se$ti~ap ci~tra be$ru$k$u$ran 224×224 pi~k$se$l~ d~i~bag$i~ me$njad~i~ N patch be$ru$k$u$ran te$tap P×P 

y~ang$ ti~d~ak$ sal~i~ng$ tu$mpang$ ti~nd~i~h, d~i~hi~tu$ng$ d~e$ng$an N = (H × W) / P², d~e$ng$an H ad~al~ah ti~ng$g$i~ ci~tra, W ad~al~ah l~e$bar 

ci~tra, d~an P ad~al~ah panjang$ si~si~ patch d~e$ng$an H = 224, W = 224, d~an P = 16, d~i~pe$rol~e$h N = (224 × 224) / 16² = 196 

patch. Patch be$ru$k$u$ran 16×16×3 (ti~ng$g$i~ × l~e$bar × k$anal~ RG$B) k$e$mu$d~i~an d~i~ratak$an (fl~atte$n) me$njad~i~ ve$k$tor 

satu$ d~i~me$nsi~ se$panjang$ P²·C = 768 e$l~e$me$n, se$hi~ng$g$a me$ng$hasi~l~k$an u$ru$tan 196 ve$k$tor patch y~ang$ se$l~anju$tny~a 

d~i~proy~e$k$si~k$an k$e$ ru$ang$ l~ate$n mod~e$l~. Vi~T me$mpe$rl~ak$u$k$an ci~tra se$bag$ai~ u$ru$tan 196 tok$e$n vi~su$al~ bu$k$an se$bag$ai~ g$ri~d~ 

pi~k$se$l~ d~u$a d~i~me$nsi~ d~e$ng$an cara i~ni~, se$hi~ng$g$a me$k$ani~sme$ Se$l~f-Atte$nti~on d~apat me$mod~e$l~k$an hu$bu$ng$an k$onte$k$stu$al~ 

pad~a k$e$se$l~u$ru$han ci~tra se$cara si~mu$l~tan, tanpa d~i~batasi~ ol~e$h l~ocal~ re$ce$pti~ve$ fi~e$l~d~ y~ang$ me$njad~i~ ci~ri~ k$has k$onvol~u$si~. 

2.4 Arsitektur Model: Vision Transformer (ViT-Small/16) 

Pe$ne$l~i~ti~an i~ni~ me$ng$g$u$nak$an vari~an Vi~T-Smal~l~/16 (Vi~T-S/16) d~ari~ Vi~si~on Transforme$r, y~ang$ te$rd~i~ri~ atas 

se$k$i~tar 22 ju$ta parame$te$r, 12 l~api~san Transforme$r E$ncod~e$r, 8 atte$nti~on he$ad~, d~an d~i~me$nsi~ e$mbe$d~d~i~ng$ se$be$sar 384. 

Vi~T-S/16 d~i~pi~l~i~h k$are$na k$e$se$i~mbang$anny~a antara ak$u$rasi~ d~an e$fi~si~e$nsi~ k$ompu$tasi~, d~e$ng$an k$apasi~tas y~ang$ me$mad~ai~ 
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u$ntu$k$ me$ng$k$l~asi~fi~k$asi~k$an 57 k$e$l~as pe$ny~ak$i~t se$k$al~i~g$u$s me$mi~l~i~k$i~ re~si~k$o ove$rfi~tti~ng$ y~ang$ l~e$bi~h re$nd~ah d~i~band~i~ng$k$an 

vari~an Vi~T y~ang$ l~e$bi~h be$sar se$pe$rti~ Vi~T-Base$/16 (86 ju$ta parame$te$r). Arsi~te$k$tu$r y~ang$ d~i~u$su$l~k$an, se$bag$ai~mana 

d~i~l~u$strasi~k$an pad~a G$ambar 2. 

 

Gambar 2. Arsi~te$k$tu$r Vi~si~on Transforme$r 

G$ambar 2 me$nje$l~ask$an al~u$r arsi~te$k$tu$r Vi~si~on Transforme$r (Vi~T-Smal~l~/16) u$ntu$k$ k$l~asi~fi~k$asi~ pe$ny~ak$i~t d~au$n 

tanaman, d~i~awal~i~ d~e$ng$an me$ne$ri~ma ci~tra masu$k$an be$ru$k$u$ran 224 × 224 pi~k$se$l~ y~ang$ d~i~pe$cah me$njad~i~ 196 patch 

be$ru$k$u$ran 16 × 16 pi~k$se$l~ d~an d~i~ratak$an me$njad~i~ ve$k$tor 1D~. Ve$k$tor patch te$rse$bu$t k$e$mu$d~i~an d~i~proy~e$k$si~k$an 

me$l~al~u$i~ L~i~ne$ar Proje$cti~on me$njad~i~ e$mbe$d~d~i~ng$ be$rd~i~me$nsi~ 𝐷 (𝑑mod~e$l~

= 384), d~i~si~si~pk$an tok$e$n [CL~S] d~i~ awal~ u$ru$tan 

se$bag$ai~ pe$mbawa re$pre$se$ntasi~ g$l~obal~, se$rta d~i~tambahk$an Posi~ti~onal~ E$mbe$d~d~i~ng$ pad~a se$l~u$ru$h 197 tok$e$n 

u$ntu$k$ me$ny~e$rtak$an i~nformasi~ spasi~al~. Se$l~anju$tny~a, u$ru$tan tok$e$n d~i~prose$s ol~e$h Transforme$r E$ncod~e$r 

be$rtu$mpu$k$ se$bany~ak$ 12 l~api~san masi~ng$-masi~ng$ me$ne$rapk$an Mu$l~ti~-He$ad~ Se$l~f-Atte$nti~on (8 he$ad~s) d~an Mu$l~ti~-L~ay~e$r 

Pe$rce$ptron (ML~P si~ze$ 1536) y~ang$ d~i~l~e$ng$k$api~ L~ay~e$r Normal~i~zati~on se$rta re$si~d ~u$al~ conne$cti~on se$be$l~u$m ak$hi~rny~a 

re$pre$se$ntasi~ fi~tu$r k$e$l~u$aran d~ari~ tok$e$n [CL~S] d~i~te$ru$sk$an k$e$ Cl~assi~fi~cati~on He$ad~ (ML~P) d~e$ng$an fu$ng$si~ ak$ti~vasi~ 

Softmax u$ntu$k$ me$me$tak$an ve$k$tor me$njad~i~ d~i~stri~bu$si~ probabi~l~i~tas atas 57 k$e$l~as pe$ny~ak$i~t. 

2.5 Pelatihan Model 

Mod~e$l~ Vi~T-Smal~l~/15 d~i~l~ati~h me$ng$g$u$nak$an Cross-E$ntropy~ L~oss (d~e$ng$an parame$te$r l~abe$l~ smoothi~ng$ 0,1) 

se$bag$ai~ fu$ng$si~ k$e$ru$g$i~an (l~oss fu$ncti~on). Ni~l~ai~ ote$rasi~ k$e$ru$g$i~an mod~e$l~ d~i~hi~tu$ng$ u$ntu$k$ me$ng$e$val~u$asi~ se$be$rapa jau$h 

probabi~l~i~tas pre$d~i~k$si~ mod~e$l~ me$ny~i~mpang$ d~ari~ l~abe$l~ se$be$narny~a. Pe$rhi~tu$ng$an l~oss bai~k$ pad~a fase$ pe$l~ati~han (Trai~n 

L~oss), val~i~d~asi~ (Val~i~d~ati~on L~oss) d~an me$tri~k$ ak$u$rasi~ (Trai~n Accu$racy~ d~an Val~i~d~ati~on Accu$racy~) 

y~ang$ me$ng$hi~tu$ng$ pe$rse$ntase$ pre$d~i~k$si~ y~ang$ te$pat d~ari~ total~ k$e$se$l~u$ru$han d~ata y~ang$ d~i~u$ji~ pad~a fase$ te$rse$bu$t 

d~i~ru$mu$sk$an se$bag$ai~ be$ri~k$u$t: 

 

𝐿𝑜𝑠𝑠 = −
1

𝑁
∑ ∑ 𝑦𝑖,𝑐

𝐶
𝑐=1

𝑁
𝑖=1 l~og$(𝑝𝑖,𝑐) (1) 

 

 𝑁 ad~al~ah ju$ml~ah d~ata y~ang$ d~i~e$val~u$asi~, 𝐶 ad~al~ah total~ k$e$l~as pe$ny~ak$i~t, 𝑦𝑖,𝑐 me$ru$pak$an l~abe$l~ targ$e$t se$be$narny~a 

(be$rni~l~ai~ 1 ji~k$a be$nar d~an 0 ji~k$a sal~ah), se$rta 𝑝𝑖,𝑐 ad~al~ah probabi~l~i~tas k$e$l~u$aran mod~e$l~ u$ntu$k$ k$e$l~as 𝑐. 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
∑ 𝕀𝑁
𝑖=1 (𝑦𝑖=𝑦̂𝑖)

𝑁
× 100% (2) 

 

𝑦𝑖  ad~al~ah l~abe$l~ asl~i~, 𝑦̂𝑖 ad~al~ah k$e$l~as y~ang$ d~i~pre$d~i~k$si~ ol~e$h mod~e$l~, d~an 𝕀 me$ru$pak$an fu$ng$si~ i~nd~i~k$ator y~ang$ be$rni~l~ai~ 1 

ji~k$a te$bak$an mod~e$l~ se$su$ai~ d~e$ng$an asl~i~ny~a. 

2.6 Metrik Evaluasi 

K$i~ne$rja mod~e$l~ d~i~u$k$u$r pad~a d~ata u$ji~ me$ng$g$u$nak$an Confu$si~on Matri~x, y~ang$ d~ari~ny~a d~i~tu$ru$nk$an e$mpat 

me$tri~k$ e$val~u$asi~, y~ai~tu$ Accu$racy~, Pre$ci~si~on, Re$cal~l~, d~an F1-Score$, masi~ng$-masi~ng$ d~i~hi~tu$ng$ pe$r k$e$l~as se$rta d~al~am 

be$ntu$k$ rata-rata mak$ro d~an rata-rata te$rti~mbang$. Pe$rhi~tu$ng$an k$e$se$l~u$ru$han me$tri~k$ d~i~d~asark$an pad~a e$mpat k$ompone$n 

k$ond~i~si~ Confu$si~on Matri~x [23], y~ai~tu$: 

1. True Positive (TP): Pre$d~i~k$si~ d~i~ mana mod~e$l~ se$cara te$pat me$ng$e$nal~i~ k$e$l~as posi~ti~f (mi~sal~ny~a, k$l~asi~fi~k$asi~ 

pe$ny~ak$i~t d~au$n te$rte$ntu$ d~e$ng$an be$nar). 

2. True Negative (TN): Pre$d~i~k$si~ d~i~ mana mod~e$l~ se$cara te$pat me$ng$e$nal~i~ k$e$l~as ne$g$ati~f. 
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3. False Positive (FP): Pre$d~i~k$si~ k$e$l~i~ru$ d~i~ mana mod~e$l~ me$ng$k$l~asi~fi~k$asi~k$an d~ata k$e$ d~al~am k$e$l~as posi~ti~f, 

pad~ahal~ k$ond~i~si~ asl~i~ny~a ad~al~ah ne$g$ati~f. 

4. False Negative (FN): Pre$d~i~k$si~ k$e$l~i~ru$ d~i~ mana mod~e$l~ g$ag$al~ me$nd~e$te$k$si~ k$e$l~as posi~ti~f d~an mal~ah 

me$mpre$d~i~k$si~ny ~a se$bag$ai~ k$e$l~as ne$g$ati~f. 

 

K$e$e$mpat k$ompone$n te$rse$bu$t, pe$rsamaan u$ntu$k$ masi~ng$-masi~ng$ me$tri~k$ e$val~u$asi~ ad~al~ah se$bag$ai~ be$ri~k$u$t: 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
 (3) 

 
Accu$racy~ me$nce$rmi~nk$an proporsi~ k$e$se$l~u$ru$han pre$d~i~k$si~ y~ang$ be$nar d~ari~ total~ pe$ng$u$ji~an y~ang$ d~i~hasi~l~k$an ol~e$h 

mod~e$l~. 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
  (4) 

 
Pre$ci~si~on me$ng$u$k$u$r se$be$rapa te$pat pre$d~i~k$si~ posi~ti~f y~ang$ d~i~hasi~l~k$an mod~e$l~; me$nu$nju$k$k$an ti~ng$k$at ak$u$rasi~ saat 

mod~e$l~ me$mpre$d~i~k$si~ k$e$l~as te$rte$ntu$. 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
 (5) 

 

Pre$ci~si~on me$ng$u$k$u$r se$be$rapa te$pat pre$d~i~k$si~ posi~ti~f y~ang$ d~i~hasi~l~k$an mod~e$l~; me$nu$nju$k$k$an ti~ng$k$at ak$u$rasi~ saat 

mod~e$l~ me$mpre$d~i~k$si~ k$e$l~as te$rte$ntu$. 

𝐹1 − 𝑆𝑐𝑜𝑟𝑒 =
2×𝑇𝑃

2×𝑇𝑃+𝐹𝑃+𝐹𝑁
 (6) 

 

F1-Score$ me$ru$pak$an rata-rata harmoni~k$ d~ari~ Pre$ci~si~on d~an Re$cal~l~. Me$tri~k$ i~ni~ me$mbe$ri~k$an u$k$u$ran k$i~ne$rja 

y~ang$ l~e$bi~h se$i~mbang$ d~an i~nformati~f, y~ang$ mana hal~ i~ni~ sang$at e$se$nsi~al~ k$e$ti~k$a d ~i~te$rapk$an pad~a d~atase$t mu$l~ti~-k$e$l~as 

d~e$ng$an d~i~stri~bu$si~ y~ang$ ti~d~ak$ se$i~mbang$ se$pe$rti~ OL~I~D~ I~. 

III. HASIL DAN PEMBAHASAN 

3.1 Hasil Pelatihan 

Mod~e$l~ Vi~T-Smal~l~/16 d~i~l~ati~h hi~ng$g$a mak$si~mal~ 30 e$poch me$ng$g$u$nak$an k$onfi~g$u$rasi~ y~ang$ d~i~je$l~ask$an pad~a Su$b 

bab 2.5. Me$k$ani~sme$ E$arl~y~ Stoppi~ng$ me$ng$he$nti~k$an pe$l~ati~han pad~a e$poch k$e$-24 se$te$l~ah ak$u$rasi~ val~i~d~asi~ ti~d~ak$ l~ag$i~ 

me$ng$al~ami~ pe$ni~ng$k$atan, se$hi~ng$g$a me$ng$e$mbal~i~k$an che$ck$poi~nt d~e$ng$an k$i~ne$rja te$rbai~k$ y~ang$ me$ncapai~ ak$u$rasi~ 

val~i~d~asi~  

se$be$sar 64,98%. Tabe$l~ 1 me$rang$k$u$m pe$rk$e$mbang$an pe$l~ati~han d~an val~i~d~asi~ pad~a e$poch-e$poch te$rpi~l~i~h. 

 Tabel 1. Pe$rk$e$mbang$an Pe$l~ati~han d~an Val~i~d~asi~ pad~a E$poch 

 

 

 

Epoch Train Loss Train Accuracy Val Loss Val Accuracy 

1 2.6076 37.77% 2.1665 46.8% 

6 1.5828 64.73% 1.7406 60.44% 

12 1.3632 74% 1.7084 60.27% 

13 1.3117 76.16% 1.6695 60.61% 

14 1.2885 77.87% 1.6487 63.3% 

17(terbaik) 1.2885 81.35% 1.6987 64.98% 

18 1.1854 82.87% 1.6937 62.46% 

19 1.1597 83.38% 1.6791 64.65% 

20 1.1489 84.39% 1.6690 63.47% 

24(e$arl~y~ stop) 1.0873 88.09% 1.6929 63.8% 
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Ak$u$rasi~ pe$l~ati~han pad~a Tabe$l~ 1 me$ni~ng$k$at se$cara k$onsi~ste$n d~ari~ 37,77% pad~a e$poch pe$rtama me$njad~i~ 

88,09% pad~a e$poch k$e$-24. Ak$u$rasi~ val~i~d~asi~ me$nu$nju$k$an bahwa me$l~and~ai~ jau$h l~e$bi~h awal~; me$ni~ng$k$at d~ari~ 46,80% 

me$njad~i~ be$rk$i~sar d~i~ ang$k$a 60–65% se$te$l~ah e$poch k$e$-6 d~an te$ru$s be$rfl~u$k$tu$asi~ pad~a re$ntang$ te$rse$bu$t. Pol~a se$ru$pa 

ju$g$a te$rl~i~hat pad~a pe$rg$e$rak$an ni~l~ai~ l~oss pe$l~ati~han me$nu$ru$n se$cara k$onsi~ste$n se$panjang$ i~te$rasi~, se$d~ang$k$an l~oss 

val~i~d~asi~ me$ncapai~ ti~ti~k$ te$re$nd~ahny~a d~i~ se$k$i~tar e$poch k$e$-14 (1,6487) d~an be$rhe$nti~ me$mbai~k$ se$cara be$rarti~ se$te$l~ahny~a. 

K$e$se$njang$an y~ang$ se$mak$i~n me$l~e$bar antara me$tri~k$ pe$l~ati~han d~an val~i~d~asi~ i~ni~ me$ng$i~nd~i~k$asi~k$an bahwa mod~e$l~ mu$l~ai~ 

me$ng$al~ami~ ove$rfi~tti~ng$ te$rhad~ap d~ata pe$l~ati~han pad~a paru$h k$e$d~u$a i~te$rasi~. D~e$tai~l~ y~ang$ l~e$bi~h me$nd~al~am me$ng$e$nai~ 

d~i~nami~k$a te$rse$bu$t, pe$ri~l~ak$u$ mod~e$l~ d~apat d~i~e$val~u$asi~ me$l~al~u$i~ ti~g$a fase$ u$tama be$ri~k$u$t: 

 
Gambar 3. Pl~ot k$u$rva L~oss d~an Ak$u$rasi~ pad~a E$poch 1 

 
G$ambar 3 me$ncatatk$an Trai~n L~oss y~ang$ sang$at ti~ng$g$i~ se$be$sar 2,6076 d~e$ng$an ak$u$rasi~ 37,77%. K$i~ne$rja pad~a 

d~ata val~i~d~asi~ ju$g$a masi~h be$rad~a d~i~ ang$k$a 46,80%. K$ond~i~si~ i~ni~ me$ru$pak$an hal~ y~ang$ wajar k$are$na bobot mod~e$l~ Vi~T-

Smal~l~/15 masi~h d~al~am tahap i~ni~si~al~i~sasi~ awal~ d~an be$l~u$m be$rad~aptasi~ d~e$ng$an bai~k$. 

 
Gambar 4. Pl~ot k$u$rva L~oss d~an Ak$u$rasi~ pad~a E$poch 17 

 
G$ambar 4 me$ncatat Pe$rforma g$e$ne$ral~i~sasi~ te$rbai~k$ d~i~capai~ pad~a e$poch k$e$-17. Ak$u$rasi~ val~i~d~asi~ pad~a 

ti~ti~k$ i~ni~ be$rhasi~l~ me$ny~e$ntu$h ang$k$a te$rti~ng$g$i~ny~a y~ai~tu$ 64,98%. Wal~au$pu$n pe$rforma pad~a d~ata l~ati~h masi~h te$ru$s 

be$rk$e$mbang$ (me$ncapai~ ak$u$rasi~ 81,35%), bobot mod~e$l~ pad~a e$poch i~ni~l~ah y~ang$ d~i~ni~l~ai~ pal~i~ng$ opti~mal~ d~al~am 

me$ng$g$e$ne$ral~i~sasi~ d~ata baru$. 

 
Gambar 5. Pl~ot k$u$rva L~oss d~an Ak$u$rasi~ pad~a E$poch 24 

 
G$ambar 5 me$ncatat pe$rforma val~i~d~asi~ me$ng$al~ami~ fl~u$k$tu$asi~ d~an ti~d~ak$ l~ag$i~ mampu$ me$l~ampau$i~ ang$k$a 

64,98%, me$sk$i~pu$n ak$u$rasi~ pe$l~ati~han te$ru$s me$rok$e$t hi~ng$g$a 88,09% d~e$ng$an l~oss 1,0873. K$ond~i~si~ i~ni~ 

me$mi~cu$ me$k$ani~sme$ E$arl~y~ Stoppi~ng$ u$ntu$k$ me$ng$he$nti~k$an prose$s pe$l~ati~han se$cara otomati~s pad~a e$poch k$e$-24. 

Pe$ng$he$nti~an i~ni~ me$mbu$k$ti~k$an bahwa me$k$ani~sme$ te$rse$bu$t be$rhasi~l~ me$nce$g$ah mod~e$l~ d~ari~ k$ond~i~si~ 

ove$rfi~tti~ng$ y~ang$ se$mak$i~n parah ak$i~bat te$rl~al~u$ me$ng$hafal~ d~ata l~ati~h. 
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3.2 Evaluasi pada Data Uji 

D~ata u$ji~ pad~a mod~e$l~ ak$hi~r me$ncapai~ ak$u$rasi~ k$e$se$l~u$ru$han se$be$sar 65,32%, k$onsi~ste$n d~e$ng$an ak$u$rasi~ 

val~i~d~asi~ te$rbai~k$ y~ang$ d~i~pe$rol~e$h se$l~ama pe$l~ati~han. Tabe$l~ 2 me$ny~aji~k$an k$u$mpu$l~an l~e$ng$k$ap me$tri~k$ e$val~u$asi~. 

Tabel 2. Matri~k$ E$val~u$asi~ pad~a D~ata U$ji~ 

Metrik Rata-rata Makro Rata-rata Tertimbang 

Pre$ci~si~on 65.64% 67.56% 

Re$cal~l~ 57.87% 65.32% 

F1-Score$ 58.33% 63.8% 

 

Me$tri~k$ rata-rata mak$ro se$cara k$onsi~ste$n l~e$bi~h re$nd~ah d~i~band~i~ng$k$an me$tri~k$ rata-rata te$rti~mbang$ (Re$cal~l~ 

se$be$sar 57.87% d~i~band~i~ng$k$an 65.32%), y~ang$ me$nu$nju$k$k$an bahwa mod~e$l~ tampak$ be$rk$i~ne$rja l~e$bi~h bu$ru$k$ pad~a 

be$be$rapa k$e$l~as mi~nori~tas, y~ang$ me$mi~l~i~k$i~ bobot l~e$bi~h k$e$ci~l~ pad~a rata-rata te$rti~mbang$ te$tapi~ d~i~hi~tu$ng$ se$tara pad~a 

rata-rata mak$ro. Te$mu$an i~ni~ me$ru$pak$an hal~ u$mu$m pad~a d~atase$t d~e$ng$an 57 k$e$l~as se$pe$rti~ OL~I~D~ I~, k$are$na be$be$rapa 

k$e$l~as hany~a d~i~re$pre$se$ntasi~k$an ol~e$h ju$ml~ah ci~tra pe$l~ati~han y~ang$ re$l~ati~f se$d~i~k$i~t. K$ond~i~si~ i~ni~ d~i~se$babk$an k$are$na 

arsi~te$k$tu$r Vi~si~on Transforme$r (Vi~T) me$mi~l~i~k$i~ k$e$bu$tu$han d~ata pe$l~ati~han y~ang$ sang$at be$sar d~an 

ce$nd~e$ru$ng$ k$u$rang$ opti~mal~ ji~k$a d~i~te$rapk$an pad~a d~atase$t y~ang$ te$rbatas [24]. Ak$i~batny~a, pad~a k$e$l~as mi~nori~tas d~e$ng$an 

ju$ml~ah ci~tra y~ang$ se$d~i~k$i~t, Vi~T k$e$su$l~i~tan me$ng$e$nal~i~ pol~a fi~tu$r vi~su$al~ se$cara pre$si~si~. 

3.3 Analisis Confusion Matrix 

Anal~i~si~s confu$si~on Matri~x me$mbe$ri~k$an e$val~u$asi~ k$i~ne$rja k$l~asi~fi~k$asi~ y~ang$ l~e$bi~h ri~nci~, confu$si~on matri~x mod~e$l~ 

Vi~T-S/16 pad~a d~ata u$ji~ d~i~anal~i~si~s, se$bag$ai~mana d~i~i~l~u$strasi~k$an pad~a G$ambar 6. 

 

Gambar 6. Confu$si~on Matri~x 
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K$l~asi~fi~k$asi~ pad~a G$ambar 6 se$bag$i~an be$sar te$rk$onse$ntrasi~ pad~a spe$si~e$s tanaman y~ang$ sama d~an jarang$ te$rjad~i~ 

antarspe$si~e$s y~ang$ be$rbe$d ~a, y~ang$ me$nu$nju$k$k$an bahwa mod~e$l~ Vi~T-S/16 mampu$ me$mbe$d~ak$an fi~tu$r vi~su$al~ pad~a l~e$ve$l~ 

spe$si~e$s tanaman se$cara and~al~. Be$sar k$e$k$e$l~i~ru$an ju$stru$ te$rjad~i~ antarsu$bk$e$l~as d~e$fi~si~e$nsi~ nu$tri~si~ y~ang$ be$rk$e$rabat d~e$k$at 

pad~a tanaman y~ang$ sama mi~sal~ny~a antara k$e$l~as d~e$fi~si~e$nsi~ ni~trog$e$n (N), ni~trog$e$n-k$al~i~u$m (N_K$), d~an ni~trog$e$n-

mag$ne$si~u$m (N_Mg$) pad~a tanaman pare$ d~an l~abu$ pu$ti~h, se$rta antara k$e$l~as N d~an N_K$ pad~a oy~ong$. Tu$mpang$ ti~nd~i~h 

d~al~am sk$al~a l~e$bi~h k$e$ci~l~ ju$g$a te$ramati~ antara k$e$l~as N_K$ d~an k$e$l~as se$hat pad~a te$rong$. Pol~a i~ni~ me$ng$i~nd~i~k$asi~k$an 

bahwa g$e$jal~a vi~su$al~ tahap awal~ hi~ng$g$a me$ne$ng$ah d~ari~ be$rbag$ai~ k$ombi~nasi~ d~e$fi~si~e$nsi~ nu$tri~si~ pad~a tanaman 

y~ang$ sama d~apat sang$at mi~ri~p, se$hi~ng$g$a me$njad~i~ su$bk$e$l~as y~ang$ pal~i~ng$ su$l~i~t d~i~pi~sahk$an ol~e$h mod~e$l~, se$me$ntara d~au$n 

y~ang$ te$rse$rang$ hama mau$pu$n d~au$n se$hat pad~a u$mu$mny~a d~i~k$l~asi~fi~k$asi~k$an d~e$ng$an be$nar. 

3.4 Implementasi Aplikasi Web 

Mod~e$l~ Vi~T-Smal~l~/16 y~ang$ d~i~hasi~l~k$an d~i~i~nte$g$rasi~k$an k$e$ d~al~am apl~i~k$asi~ be$rbasi~s we$b y~ang$ me$mu$ng$k$i~nk$an 

pe$ng$g$u$na me$ng$u$ng$g$ah ci~tra d~au$n d~an me$ne$ri~ma hasi~l~ pre$d~i~k$si~ k$e$l~as pe$ny~ak$i~t se$bag$ai~ k$e$l~u$aran, se$bag$ai~mana 

d~i~tu$nju$k$k$an pad~a G$ambar 7. 

 

Gambar 7. Antarmu$k$a Apl~i~k$asi~ We$b 

Antarmu$k$a i~ni~ me$mu$ng$k$i~nk$an pe$ng$g$u$na k$hu$su$sny~a pe$tani~ d~an pe$ny~u$l~u$h pe$rtani~an d~apat me$ng$u$ng$g$ah foto 

d~au$n d~an me$mpe$rol~e$h k$l~asi~fi~k$asi~ pe$ny~ak$i~t se$cara otomati~s tanpa me$me$rl~u$k$an k$e$ahl~i~an k$hu$su$s, se$hi~ng$g$a se$cara 

l~ang$su$ng$ me$njawab apa y~ang$ te$l~ah d~i~u$rai~k$an pad~a bag$i~an Pe$nd~ahu$l~u$an.  

 

Gambar 8. Pe$mrose$san K$l~asi~fi~k$asi~ ol~e$h Si~ste$m 

G$ambar 8 ad~al~ah antarmu$k$a y~ang$ me$nampi~l~k$an i~nd~i~k$ator pe$mrose$san (l~oad~i~ng$ scre$e$n). Apl~i~k$asi~ ak$an 

me$ng$i~ri~mk$an d~ata ci~tra k$e$ bag$i~an be$l~ak$ang$ (back$e$nd~). Ci~tra te$rse$bu$t nanti~ny~a d~i~u$bah u$k$u$ranny~a se$su$ai~ d~e$ng$an 

masu$k$an mod~e$l~, l~al~u$ d ~i~e$k$strak$si~ fi~tu$r-fi~tu$rny~a ol~e$h mod~e$l~ Vi~T-Smal~l~/15 u$ntu$k$ me$ng$hi~tu$ng$ probabi~l~i~tas se$ti~ap 

k$e$l~as pe$ny~ak$i~t. 
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Gambar 9. Hal~aman K$e$l~u$aran Hasi~l~ D~e$te$k$si~ Pe$ny~ak$i~t 

G$ambar 9 ad~al~ah hal~aman y~ang$ me$nampi~l~k$an hasi~l~ pre$d~i~k$si~ pe$ny~ak$i~t be$se$rta ti~ng$k$at k$e$pe$rcay~aanny~a 

(confi~d~e$nce$ score$). Apl~i~k$asi~ i~ni~ ju$g$a me$nampi~l~k$an i~nformasi~ je$ni~s pe$ny~ak$i~t d~au$n d~an pe$nang$anan awal~ny~a ag$ar 

d~apat mu$d~ah me$nu$ntu$n fok$u$s pe$ng$g$u$na l~ang$su$ng$ pad~a hasi~l~ y~ang$ d~i~mi~nta. 

3.5 Pembahasan 

Pe$ne$l~i~ti~an Be$rbasi~s Vi~T(Smal~l~/16) d~i~band~i~ng$k$an d~e$ng$an pe$ne$l~i~ti~an be$rbasi~s CNN y~ang$ d~i~bahas pad~a bag$i~an 

Pe$nd~ahu$l~u$an, ak$u$rasi~ se$be$sar 65,32% y~ang$ d~i~capai~ d~al~am pe$ne$l~i~ti~an i~ni~ l~e$bi~h re$nd~ah d~ari~pad~a ang$k$a 

y~ang$ d~i~l~apork$an ol~e$h be$be$rapa pe$ne$l~i~ti~an se$be$l~u$mny~a; namu$n, pe$rband~i~ng$an te$rse$bu$t pe$rl~u$ d~i~tafsi~rk$an se$cara hati~-

hati~, Pe$ne$l~i~ti~an-pe$ne$l~i~ti~an te$rse$bu$t u$mu$mny~a hany~a me$ng$k$l~asi~fi~k$asi~k$an 2–10 k$e$l~as pad~a satu$ je$ni~s tanaman, jau$h 

l~e$bi~h se$d~i~k$i~t d~i~band~i~ng$k$an 57 k$e$l~as be$rbu$ti~r hal~u$s (fi~ne$-g$rai~ne$d~) y~ang$ d~i~cak$u$p OL~I~D~ I~ d~al~am pe$ne$l~i~ti~an i~ni~. 

K$ompl~e$k$si~tas tu$g$as y~ang$ jau$h l~e$bi~h ti~ng$g$i~ te$rse$bu$t, hasi~l~ y~ang$ d~i~pe$rol~e$h me$nce$rmi~nk$an k$i~ne$rja d~asar (base$l~i~ne$) 

y~ang$ wajar bag$i~ Vi~si~on Transforme$r tanpa bobot pral~ati~h (pre$trai~ne$d~), se$k$al~i~g$u$s me$ng$u$ng$k$ap ad~any~a k$e$se$njang$an 

ove$rfi~tti~ng$ y~ang$ je$l~as ak$u$rasi~ pe$l~ati~han me$ncapai~ 88,1% pad~a saat E$arl~y~ Stoppi~ng$, se$me$ntara ak$u$rasi~ val~i~d~asi~ hany~a 

me$l~and~ai~ pad~a k$i~saran 60–65% y~ang$ me$nu$nju$k$k$an bahwa k$e$mampu$an g$e$ne$ral~i~sasi~ mod~e$l~, bu$k$an k$apasi~tas 

arsi~te$k$tu$rny~a, me$njad~i~ fak$tor pe$mbatas u$tama saat i~ni~. Te$mu$an i~ni~ k$onsi~ste$n d~e$ng$an anal~i~si~s confu$si~on matri~x pad~a 

Su$b bab 3.3, y~ang$ me$nu$nju$k$k$an bahwa mod~e$l~ mampu$ me$mi~sahk$an spe$si~e$s tanaman y~ang$ be$rbe$d~a se$cara and~al~, 

te$tapi~ masi~h k$e$su$l~i~tan me$mbe$d~ak$an su$bk$e$l~as d~e$fi~si~e$nsi~ nu$tri~si~ y~ang$ se$cara vi~su$al~ mi~ri~p pad~a tanaman y~ang$ sama, 

y~ang$ be$be$rapa d~i~ antarany~a d~i~re$pre$se$ntasi~k$an ol~e$h ju$ml~ah ci~tra pe$l~ati~han y~ang$ re$l~ati~f se$d~i~k$i~t 

VII. SIMPULAN 

Pe$ne$l~i~ti~an i~ni~ te$l~ah be$rhasi~l~ me$rancang$ d~an me$l~ati~h mod~e$l~ Vi~si~on Transforme$r (Vi~T-Smal~l~/16) u$ntu$k$ k$l~asi~fi~k$asi~ 

pe$ny~ak$i~t d~au$n tanaman pad~a Ope$n L~e$af I~mag$e$ D~atase$t I~ (OL~I~D~ I~) y~ang$ te$rd~i~ri~ atas 57 k$e$l~as, se$rta me$ng$i~nte$g$rasi~k$an 

mod~e$l~ y~ang$ d~i~hasi~l~k$an k$e$ d~al~am apl~i~k$asi~ be$rbasi~s we$b, se$hi~ng$g$a me$me$nu$hi~ k$e$ti~g$a tu$ju$an y~ang$ d~i~ny~atak$an pad~a 

bag$i~an Pe$nd~ahu$l~u$an. Mod~e$l~ y~ang$ d~i~u$ji~ te$l~ah me$ncapai~ ak$u$rasi~ se$be$sar 65,32%, d~e$ng$an F1-score$ rata-rata mak$ro 

se$be$sar 0,5833 d~an F1-score$ rata-rata te$rti~mbang$ se$be$sar 0,6380, y~ang$ me$ne$g$ask$an bahwa arsi~te$k$tu$r be$rbasi~s Se$l~f-

Atte$nti~on mu$rni~, tanpa k$ompone$n k$onvol~u$si~ sama se$k$al~i~, mampu$ me$mpe$l~ajari~ fi~tu$r d~i~sk$ri~mi~nati~f u$ntu$k$ tu$g$as 

k$l~asi~fi~k$asi~ pe$ny~ak$i~t mu$l~ti~-tanaman y~ang$ be$rbu$ti~r hal~u$s (fi~ne$-g$rai~ne$d~) d~e$ng$an k$ompl~e$k$si~tas se$ti~ng$k$at i~ni~. K$u$rva 

pe$l~ati~han d~an val~i~d~asi~ me$nu$nju$k$k$an ad~any~a k$e$se$njang$an ove$rfi~tti~ng$ y~ang$ je$l~as ak$u$rasi~ pe$l~ati~han me$ncapai~ 88,1% 

pad~a ti~ti~k$ E$arl~y~ Stoppi~ng$ (e$poch k$e$-24), se$me$ntara ak$u$rasi~ val~i~d~asi~ hany~a me$l~and~ai~ pad~a k$i~saran 60–65% 

y~ang$ me$ng$i~nd~i~k$asi~k$an bahwa k$e$mampu$an g$e$ne$ral~i~sasi~ mod~e$l~, bu$k$an k$apasi~tas arsi~te$k$tu$rny~a, me$njad~i~ fak$tor 

pe$mbatas u$tama saat i~ni~. Confu$si~on matri~x l~e$bi~h l~anju$t me$nu$nju$k$k$an bahwa k$e$te$rbatasan i~ni~ te$rk$onse$ntrasi~ pad~a 

su$bk$e$l~as te$rte$ntu$: mod~e$l~ mampu$ me$mi~sahk$an spe$si~e$s tanaman y~ang$ be$rbe$d~a se$cara and~al~, te$tapi~ masi~h k$e$su$l~i~tan 

me$mbe$d~ak$an k$ombi~nasi~ d~e$fi~si~e$nsi~ nu$tri~si~ y~ang$ be$rk$e$rabat d~e$k$at pad~a tanaman y~ang$ sama, k$e$mu$ng$k$i~nan be$sar 

k$are$na su$bk$e$l~as-su$bk$e$l~as te$rse$bu$t me$mi~l~i~k$i~ g$e$jal~a vi~su$al~ tahap awal~ y~ang$ sang$at mi~ri~p d~an, pad~a be$be$rapa k$asu$s, 

hany~a d~i~re$pre$se$ntasi~k$an ol~e$h ju$ml~ah ci~tra pe$l~ati~han y~ang$ re$l~ati~f se$d~i~k$i~t. K$e$se$njang$an ove$rfi~tti~ng$ y~ang$ d~i~te$mu$k$an 

d~al~am pe$ne$l~i~ti~an i~ni~ d~apat d~i~atasi~ d~e$ng$an me$ng$i~ni~si~al~i~sasi~ mod~e$l~ me$ng$g$u$nak$an bobot Vi~T pral~ati~h (pre$trai~ne$d~) d~ari~ 

I~mag$e$Ne$t al~i~h-al~i~h me$l~ati~h mod~e$l~ d~ari~ awal~ (from scratch), me$ne$rapk$an re$g$u$l~ari~sasi~ y~ang$ l~e$bi~h k$u$at (mi~sal~ny~a 

d~ropou$t y~ang$ l~e$bi~h ti~ng$g$i~ atau$ stochasti~c d~e$pth), se$rta me$mpe$rl~u$as d~ata pe$l~ati~han u$ntu$k$ su$bk$e$l~as 

y~ang$ k$u$rang$ te$rwak$i~l~i~ me$l~al~u$i~ au$g$me$ntasi~ tambahan atau$ pe$ng$u$mpu$l~an d~ata baru$. E$k$spe$ri~me$n d~e$ng$an u$k$u$ran 
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patch y~ang$ be$rbe$d~a, vari~an Vi~T y~ang$ l~e$bi~h be$sar, atau$ arsi~te$k$tu$r hy~bri~d~ CNN Transforme$r ju$g$a be$rpote$nsi~ 

me$ni~ng$k$atk$an k$e$mampu$an mod~e$l~ d~al~am me$mi~sahk$an k$e$l~as-k$e$l~as d~e$fi~si~e$nsi~ nu$tri~si~ y~ang$ se$cara vi~su$al~ mi~ri~p. 

UCAPAN TERIMA KASIH  

Rasa sy~u$k$u$r d~an apre$si~asi~ me$nd~al~am pe$nu$l~i~s sampai~k$an k$e$pad~a se$mu$a pi~hak$ y~ang$ se$nanti~asa me$nd~ampi~ng$i~ d~an 

me$mbe$ri~k$an d~u$k$u$ng$an pe$nu$h se$l~ama ri~se$t i~ni~ be$rl~ang$su$ng$. Bantu$an y~ang$ d~i~te$ri~ma, mu$l~ai~ d~ari~ arahan ak$ad~e$mi~s, 

e$val~u$asi~ k$onstru$k$ti~f, hi~ng$g$a ak$se$s k$e$ fasi~l~i~tas pe$nd~u$k$u$ng$, te$l~ah me$njad~i~ pi~l~ar u$tama d~al~am pe$rampu$ng$an stu$d~i~ i~ni~. 

Moti~vasi~ tanpa he$nti~ d~ari~ be$rbag$ai~ pi~hak$ tu$ru$t me$masti~k$an pe$ne$l~i~ti~an i~ni~ be$rjal~an l~ancar d~e$ng$an k$u$al~i~tas 

y~ang$ te$rjag$a. Pe$nu$l~i~s be$rharap pu$bl~i~k$asi~ i~ni~ mampu$ me$mbe$ri~k$an d~ampak$ posi~ti~f d~an me$njad~i~ ru$ju$k$an bag$i~ k$aji~an 

se$je$ni~s d~i~ masa d~e$pan 
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