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Ongéren, N. & Sessiz, A. (2022). “Bag ve Bahge
Atiklarinin Degerlendirilmesinde
Kullanilan Mekanik Yéntemler”, Tarim
Makinalar: Bilimi Dergisi, 18(2): 58-67.

Diinya’da ve iilkemizde bag ve bahge tarimi yaygin olarak yapilmaktadir. Tarimsal tiretim ile birlikte budama,
bakim ve hasat islemleri sirasinda fazla miktarda tarimsal artik meydana gelmektedir. Tarimsal artiklar arazide
biyiik sorunlar yaratmaktadir. Bag ve bahgelerde meydana gelen tarimsal artiklarin arazide birakilmasi veya
yakilmasi ve bagaril bir artik yonetiminin uygulanmamasi hem ¢evre Kkirliligine hem de hastalik zararl artisina
neden olmaktadir. Bu yiizden etkili ¢6ziim yollar1 ile artiklarin yarayisl hale getirilebilmesi énemli 6lgiide
avantaj saglayacaktir. Bag-bahge artiklari gibi tarimsal kaynaklarin daha etkin kullanabilmek ve degerlendirmek
icin bulunduklari ortamlardan toplayacak gerekli makinalarin olmasi ve uygun depolama alanlarinin bulunmasi
gerekmektedir. Bu amagla, tarimsal artiklarin geri dontisiimiiniin saglanmasinda ve degerlendirilmesinde farkl
makinalar ve ekipmanlar kullanilmaktadir. Bag ve bahgelerdeki budama artiklarinin islenmesinde ve
parcalanmsinda genellikle dal par¢alama ve 6giitme makinalari kullanilmaktadir. Bu amaca yénelik makina ve
ekipmanlar, tarimsal artiklar1 pargalayarak artiklarin yarayish hale getirilmesini saglamaktadir. Boylelikle,
pargalanan tarimsal artiklar basarili bir artik yonetimi ile yeniden kullanilarak tarimda sirdiirilebilirlik
saglanacaktir. Bu derleme ¢aligmasi ile tarimsal artiklarin kullanim alanlarinin ve budama artiklarinin
degerlendirilmesinde kullanilan pargalama makinalarinin agiklanmasi amaglanmigtir.
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Vineyard and orchard agriculture are widely carried out in the world and in our country. Along with agricultural
production, a large amount of agricultural residue is generated during pruning, maintenance and harvesting
processes. Agricultural residues create major problems in the field. Leaving or burning the agricultural residues
in the vineyards and orchards on the land and not applying a successful residue management cause both
environmental pollution and an increase in diseases and pests. Therefore, it will be a significant advantage to
make residues useful with effective solutions. In order to use resources effectively, it is necessary to have the
apppropriate machinery to collect agricultural residues from the land and to have suitable storage areas. For this
purpose, different machines and equipment are used to recycle agricultural residues. Branch shredding and
grinding machines are generally used in the processing and eveluation of agricultural residues in vineyards and
orchards. Machinery and equipment for this purpose break down agricultural residues and make them useful.
Thus, the fragmented agricultural residues will be reused with a successful residue management and
sustainability in agriculture will be ensured. With this compilation study, it is aimed to explain the usage areas
of agricultural residues and the shredding machines used in the evaluation of pruning residues.
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1. GIRIS

Diinyada ve llkemizde bag ve bahgecilik faaliyetleri yogun olarak yapilmaktadir. Birlesmis Milletler
Gida ve Tarim Orgiitii (FAO) 2017 verilerine goére; diinyada toplamda 123,2 milyon hektar alanda
toplamda yaklasik 1,86 milyar ton yas meyve ve sebze iiretimi yapilmaktadir. Tiirkiye Istatistik Kurumu
(TUIK) 2017 verilerine gore ise 1,3 milyon hektar alanda 23,1 ton yas meyve iiretimi ve 839 bin hektar
alanda 30,8 milyon ton yas sebze liretimi olmak tlizere toplamda 2,1 milyon hektar alanda 53,9 milyon
ton yas meyve ve sebze lretimi yapilmaktadir (Bayramoglu vd., 2019). Tarimsal iiretim ile birlikte
budama, bakim ve hasat islemleri sirasinda fazla miktarda tarimsal artik meydana gelmektedir. Tarimsal
artiklar arazide biiyiik sorunlar yaratmaktadir. Bu ylizden etkili ¢6ziim yollari ile artiklarin yarayish hale
getirilebilmesi liretimde 6nemli dl¢lide avantaj saglayacaktir. Bitkisel orijinli artiklar toprak 1slah1 ve
verimliligi agcisindan onemli derecede organik madde kaynagi olmasinin yanisira igerdikleri bitki besin
maddeleri yoniinden de 6nemli bir potansiyele sahiptirler (Citak vd., 2006). Bu yiizden bag ve bahge
urunlerinin yetistirilmesi sirasinda meydana gelen 6zellikle budama siirgiinleri ve diger bitkisel ariklar
geri donilisiim saglanarak basarili bir artik yonetimi ile yeniden tliretime kazandirilmalidir. Bitkisel
icerikli artiklar; farkli amaglar icin islenerek degerlendirilme olanaklarina sahiptirler. Ornegin
yenilenebilir enerji kaynagi olarak kullanilabilmesinin yanisira kompost, kagit endsiitrisi ve yonga levha
kullanimi gibi bircok yerde degerlendirilmesi nedeniyle ¢evre dostu ve ekonomik bir iiretim igin etkili
olabilmeketdir (Colakoglu, 2018).

Geleneksel iiretimde yaygin olarak kullanilan kimyasal giibreler, maliyetlerinin yiiksek olmasi
nedeniyle iireticiye ek bir yiik getirmekte ve istenilen miktarlarda kullanimi miimkiin olmamaktadir
(Hande ve Padole, 2015). Yiiksek maliyetin yani sira bilingsiz kimyasal giibre kullanimi insan, hayvan ve
cevre saghigini kotii yonde etkilemektedir. Bu ylizden bag ve meyve bahgelerinden elde edilen budama
artiklarinin tekrar topraga kazandirilarak giibre amaciyla kullanilmasi, hem basarili maliyet yonetimi
hem de doga dostu tarimsal iiretimin ger¢eklesmesi acisindan biiyiik fayda saglamaktadir.

Bag ve bahcelerde budama, hasat ve bakim islemlerinin ardindan meydana gelen tarimsal artiklar
genellikle arazi icinde veya araziye yakin bir kisimda bekletilmektedir. Bu durum gevre kirliligine sebep
olmakla birlikte hastalik ve zararlilarin artisinda olumsuz etki yaratmaktadir. Bu nedenle bu artiklarin
bir sekilde parcalanip yeniden degerlendirilmesi saglanmalidir. Bunun igin gerekli makina ve
ekipmanlar kullanilarak uygun depolama kosullarinin saglanmasi gerekmektedir.

Bag ve bahge faaliyetleri sonucunda ortaya ¢ikan tarimsal artiklarin parcalanmasinda genis arazi
kosullarinda kuyruk milinden hareketli veya kendi yiirtir, kii¢lik tiretim alanlarinda ise sabit ¢alisan dal
parcalama/6gitme makinalar1 kullanilmaktadir (Seflek vd., 2006) (Sekil 1). Dal pargalama
makinalarinin kullanimi arazide kalan artiklarin degerlendirilmesinde ve basarili bir artik yonetiminin
uygulanmasinda biliylik fayda saglamaktadir. Boylece o6zellikle budama artiklarinin yeniden
degerlendirilmesi icin dallarin uygun boyutlarda kii¢tiltilmesini saglamaktadir.

2. TARIMSAL ARTIKLARIN KULLANIM ALANLARI

Tarimsal orijinli bitkisel artiklar diger kat1 atiklara gore daha az tehlikeli, cevre ve dogal dongiiye
daha az zararli, doniisiimleri kisa siireli olan artiklardir. Bu yiizden, tarimsal artiklar rastgele dogaya
veya bulunduklarn ortamlara birakilmamalidir. Olanaklar dahilinde organik artik olarak
degerlendirilerek, geri dontiistimii saglanmalidir. Tarimsal artiklarin degerlendirilmesi belirli bir plan ve
yontem cercevesinde uzmanlar tarafindan yeniden degerlendirilerek, ulusal ve uluslararasi cevre ve
tarim politikalarina uygun sekilde ytritilmelidir (Colakoglu, 2018; Sessiz vd., 2021). Tarimsal artiklarin
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degerlendirilmesi c¢evre sorunlarinin azaltilmasinda, hammadde rezervlerinin korunmasinda ve
ekonomik acidan avantaj saglanmasinda etkili olacaktir. Her artik tiirtinde oldugu gibi tarimsal artiklarin
da cesidi ve tiirti farklilik gosterdiginden degerlendirme islemleri de asagida verilen artik kullanim
cesidine gore farklilik gostermektedir (Akirmak, 2010).

Giliniimtizde niifus artisiyla birlikte toplumlarin enerji ihtiyac1 artmaktadir ve buna karsin dogal
kaynaklar hizli bir sekilde tiikenmektedir. Bu nedenle mevcut durumda fayda saglayan yenilenebilir
dogal enerji kaynaklarina ilave olarak tarimsal artiklarin farkli sekilerde degerlendirilmesi kaynaklarin
etkin kullanilabilmesi agisindan biiytik fayda saglayacaktir.

Bitkisel ve hayvansal artiklarin uygun nemli ortamda bozunmas: saglanarak, organik giibreye
dontsturilmesi ve kompost olarak degerlendirilmesi saglanmalidir. Nitekim tarimsal liretime konu
olan, dogrudan yem ve yakacak gibi amaglarla kullanilamayan her tirlii organik artik kompost
hammaddesi olarak kullanilabilmektedir (Yildiz vd., 2009). Ozellikle, kompostun toprakta kullanim ile
toprak verimliligi artmaktadir.

Yonga levhalar; odun par¢alarindan (yonga, testere talasi, rende talasi vb.) ve/veya lignoselilozik
malzemelerden (keten, kenevir, kendir, suyu ¢ikarilmis seker kamisi posasi, odunsu bitkiler) elde edilen
yongalarin tutkallandiktan sonra, sicak olarak sikistirilmasiyla elde edilen levhalardir (Arslan, 2008).
Budamadan elde edilen tarimsal artiklarin yonga levha endiistrisinin tiretimi i¢in istihdam, sosyal ve
ekonomik fayda, kirsal kalkinma, enerji verimliligi ve daha diisiik hammadde maliyetleri gibi bir¢cok
alanda kullanilmasi 6nemli yararlar saglamaktadir (Glanipoor vd., 2020).

Tarimsal artiklar ayrica agir metal birikiminin giderilmesinde ve degerlendirilmesinde de
kullanilmaktadir. Agir metal birikiminin giderilmesinde kullanilan fiziksel ve kimyasal yontemler
yetersiz ve pahalidir. Bu nedenle ucuz ve ¢evre dostu ekolojik ¢alismalar yapilarak agir metallerin
birikiminin énlenmesi amaglanmaktadir. Bu amagla yapilan ¢alismalar; bakir, kursun gibi agir metal
iyonlarinin giderilmesinde tarimsal artiklarin absorbent olarak kullanilarak hem endiistriyel atik sularin
cevreye olan olumsuz etkisinin giderilmesini, hem de bu atik sularin geri kazanilarak kullanilabilme
olasiligini glindeme getirmistir (Dogan, 2005).

Dogaya birakilan bir maddenin zamanla cesitli mikroorganizmalar tarafindan parcalanmasi ve
tiiketilmesi islemi olan biyobozunmayla her gecen giin ¢evre kirliligi biraz daha artmaktadir. Bitkisel
artiklara dayali biyobozunur tretimi ile ¢evre kirliligine ¢6ziim sunulabilmektedir (Kayserilioglu vd.,
2003). Tiirkiye’deki tarimsal artik potansiyelinin fazla olmasi sebebi ile biyobozunur plastik iiretimi igin
gereken hammadde fazlasi ile mevcuttur. Bunlarin azaltilmasi icin uygun teknolojiler kullanarak
tarimsal artiklarin yiiksek katma degerli tirtinlere dontstiiriilmesi saglanarak ¢evre sorunlarina ¢ézim
tiretilmelidir (Colakoglu, 2018).

Bag ve bahcelerde hasat ve budama faaliyetlerinde ortaya ¢ikan tarimsal artiklarin degerlendirilmesi
icin alternatif yollardan birisi de artiklarin malg¢ haline getirilerek kullanilmasidir. Mal¢ kullanimu ile
organik icerige sahip olan tarimsal artiklar degerlendirilerek toprak verimliligi arttirilmaktadir. Boylece
bitkilerden daha saglikli iirtinler elde edilebilmektedir.

Ucuz ve bulunabilirligi bakimindan mantar yetistiriciliginde de tarimsal artiklarin kullanilmasi s6z
konusudur. Mantar yetistiriciliginde aranan ilk kosul kullanilan ortamin nemli olmasidir. (Gao vd.,
2007). Tarimsal artiklar parcalanma sonucunda sahip olduklari nemi korurlar. Bu nedenle mantar
yetistiriciliginde tarimsal artik kullanimi biiyiik fayda saglamaktadir.

Tarimsal artiklarin orman kaynaklari gibi lifsel yapiya sahip olmalar1 nedeniyle kagit sanayisinde
kullanimlar1 yaygindir ve farkl iriinler elde etmek i¢in ¢esitli ¢alismalar yapilmaktadir. Tarimsal
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artiklarin kagit hamuru iiretimide kullanilmasi orman kaynaklar sinirli oldugu igin biiyiik avantaj
saglayacaktir (Colakoglu,2018).

Tarimsal artiklarin o6zellikle geri donitstiriilebilmeleri agisindan binalarin yalitm malzemesi
tiretiminde kullanilmasi insan sagligina ve ¢evreye olumsuz etkilerinin giderilmesi bakimindan 6nemli
derecede fayda saglamaktadir. Ayn1 zamanda kimyasal icerikli yalitim malzemelerinden daha hafif ve
ucuz olmasi iyi bir alternatif {iriin olusturmaktadir. Esin ve Yiiksek (2008), mevcut durumda kolay
ulasilmasi ve iiretim maliyetlerini diisiirmeleriyle birlikte ayni1 zamanda ¢evre sorunlarinin énlenmesi
acisindan tarimsal artiklarin, insaat sektort i¢in iyi bir kaynak durumunda oldugunu bildirmislerdir.

3. BUDAMA ARTIKLARININ DEGERLENDIRILMESINDE KULLANILAN PARGALAMA MAKINALARI

Bag ve bahcelerde yetistiricilik, bakim ve hasat islemlerinin ardindan meydana gelen artiklarin geri
dontisimde kullanilabilmeleri igin daha kiigiik boyutlarda olmasi gerekmektedir. Geleneksel
yontemlerle arazide bulunan artiklarin dogranmasi etkili olmamaktadir. Daha etkili bir artik yonetimi
icin tarimsal Uretim ve sonrasinda mekanizasyon araclari kullanilmalidir.

Bag ve bahge tarimi sonucunda ortaya c¢ikan tarimsal artiklarin par¢alanmasinda genis arazi
kosullarinda biiyiik ve kalin dal pargalari i¢cin kuyruk milinden hareketli veya kendi ytiriir, kii¢iik tiretim
alanlarinda ise daha ¢ok ince ve yumusak artiklar icin sabit ¢alisan dal par¢calama/6giitme makinalari
kullanilmaktadir. Farkli imalatgilar tarafindan iretilen bu makinalar traktérden veya kendi
motorlarindan hareket alarak calismaktadirlar. Parcalama islemi bigaklar tarafindan ger¢eklesmektedir.
Bicak tipi ve bigak say1s1 makina modellerine gore farklilik gostermektedir. Pargalama islemi i¢in artiklar
arazide bulundugu yerden alinabilirken elle besleme de yapilabilmektedir.

Basta budama dallar1 olmak tlizere bag ve bahgelerde meydana gelen tarimsal artiklarin
pargalanmasi, 6giitiilmesi ve kompost haline getirilmesi amaciyla kullanilan mekanik araglar budama
artiklarinin insan tarafindan elle islenmesinden dogan zorluklara alternatif lreterek, artiklarin
degerlendirilmesinde kolaylik saglamaktadir.

Dal parcalama/6giitme makinalarinin kullanimi, insan isgiicii ihtiyacinin azalmasiyla birlikte
aerobik bozunma i¢cin budama artiklarinin yiizey alanini artirarak kompostlama stirecini hizlandirip
zamandan tasarruf saglamaktadir (Hande ve Padole, 2015). Ayn1 zamanda bag ve bahge faaliyetlerinde
ileri teknolojilerin uygulanmasi saglanarak geleneksel tarimda insan el emegine dayali iiretime yeni bir
bakis agis1 getirilmektedir. Bununla birlikte arazide kalan bitkisel artiklarin parcalanarak topraga
kazandirilmasi durumunda yakilmanin da 6nitine gecilerek karbondioksit ve karbonmonoksit gibi zararl
sera gazlarinin da azaltilmasina yardimci olmaktadir. Bu yoniiyle de degerlendirilerek ¢evresel kirliligin
onlenmesi ve bitkisel artiklarin tarimda girdi olarak kullanilabilmesine olanak saglanmaktadir.
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Sekil 1. Bag ve bahce artiklarinin parcalanmasinda kullanilan makinalar

Sekil 1'de farkli1 imalatgilar tarafindan iiretilen budama atig1 par¢alama makina ve ekipmanlari gorsel
biitiinliigli saglama agisindan bir arada verilmistir. Bu boéliimde gorsellerde verilen dal parcalama
makina ve ekipmanlarinin 6zellikleri agiklanmaktadir.

Hidrolik sap ve dal par¢calama ekipmani; li¢ nokta aski diizeni ile baglanan, 45-60 BG gli¢ ihtiyaci olan,
hareketini kuyruk milinden alan yandaki kizaklar1 ve arkasindaki merdane sayesinde topraktaki ylizey
bozukluklarina ragmen topraga carpmadan c¢alisabildigi icin bicak kirma ve balans hassasiyetini
koruyabilen tarimda kullanilabilen 6nemli bir ekipmandir (Anonim, 2022a).

Cift yonlii dal pargalama makinasi; 6 cm kalinliginda elma, narenciye dallarini, bag koki ve gubugunu
parcalamaktadir. Cift tarafli calismasi ile piyasadaki muadillerinden ayrilmaktadir. Dallar hidromotor
vasitasl ile makinanin i¢ine alinir, sikistig1 zaman traktor iizerinden inmeden geri ¢cevirme 6zelligi vardir.
Makinanin genisligi 200 cm kadar ¢ikabilmektedir. U¢ nokta aski sistemi ile traktore baglanmaktadir.
Gii¢ ihtiyac1 55-100 BG arasinda degismektedir. Par¢alama islemini asinmayan dayanikl kelebek ¢elik
bicaklar gerceklestirmektedir. Lastik tekerlekler sayesinde makinanin yerden yiiksekligi
ayarlanabilmektedir. Ayn1 zamanda otomatik kayis gergi sistemi ve dallarin daha fazla parcalanmasin
saglayan taraklara sahiptir. (Anonim, 2022b).

Kendi yiirir budama atig1 parcalama makinasi;; Akdeniz Universitesi Ziraat Fakiiltesi Tarim
Makineleri ve Teknolojileri Miihendisligi B6liimii tarafindan gelistirilmistir. Makina gii¢c kaynagi bir dizel
motordur (115 BG). Makinanin 6n tarafinda bulunan tinite; tist toplama, alt toplama, pargalama ve elek
linitelerinden olusmaktadir. Elektronik kontrol sistemi (PLC) ile makina kontrolii saglanmaktadir. Ayni
zamanda makina ¢alisma sirasinda temel isletmecilik degerlerini 6lgerek goriintiileyip kaydeden panel
PC destekli bir 6l¢cme sistemi mevcuttur. Toplama tinitesi genisligi 170 cm olacak sekilde gelistirilmistir.
Budanan ve sira aralarinda namlu haline getirilen budama artiklar1 makina tarafindan pargalanarak
toprak zemine birakilmaktadir (Canakci vd., 2018).
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Dal pargalama ve 6giitme makinasi; 8 cm ve 8,5 cm ¢apina kadar olan taze dallarin parcalanmasi igin
uretilen 6gitiiciilerdir. Makina 13 BG gii¢lii benzinli motor ve donis icin 2 kayistan destek alan bir
rotordan olusmaktadir. Rotor tizerinde 2 adet bigcak yerlestirilmistir. Bir besleme borusu araciligiyla
dallar rotora yonlendirilir ve burada parc¢alanir. Parcalanan malzeme sonra bir baska boru araciligiyla
disar1 atilir. Rotor tizerinde bir zit bigak konumlandirilmistir. (Anonim, 2022c)

Farkli bir imalat¢i tarafindan tiretilen benzer bir diger dal parcalama makinasi ise; en fazla 10 cm
capinda olan dallar pargalayabilmektedir. Uzun émiirli ve cift yonli bigaklara sahiptir. 18 BG giicli
benzin motorlu modelinin yani sira 30 BG gli¢ ihtiyaci ile traktore baglanan (kuyruk mili ile) ve hidrolik
sistem ile (40-60 litre) is makinasina baglanan olmak tlizere ¢ farkli model secenegi mevcuttur
(Anonim,2022d).

Bahge tipi dal 6glitme makinasi; kiigiik alanlarda sabit bir bigimde kullanilan makina yesil artiklarin
ve 40 mm'ye kadar kalinliktaki dallarin 6giitiilmesinde yiliksek performanshh hiz ve verimlilik
saglamaktadir. Cali ve yumusak yesil bahce artiklarinin dal 6giitme makinasina hizl ve kolay beslenmesi
icin 6zel tasarlanan hizli besleme hunisi ve tika¢ saatte 90 kg malzeme gecisi saglayabilir (Anonim,
2022¢e)

Genellikle meyve bahgeleri ve baglarda kullanilan dal par¢alama makinasi; arazide hasat sonrasi
olusan bitki artiklarini pargalamak i¢in kullanilmaktadir. Hidrolik kaydirma 6zelligi sayesinde agac
altlarina yakin calismaya elverislidir. Makina: U¢ nokta aski sistesi, PTO korumal saft, 540 rpm PTO;
2000 rpm rotor hizi saglayan sanziman, 120 mm boyunda ¢ekic¢ bicaklar, dort aktarma kayis, ytikseklik
ayarli diiz merdane ve 6n koruma levhalarindan olusmaktadir (Anonim, 2022f).

Mobil dal 6glitme makinasi budanmis aga¢ dallari, yapraklari, ¢im-cayir, ¢irpr gibi artiklar1 ufak
pargalara ayirarak yonga haline gelmesine olanak saglamaktadir. Makina; iki tekerlekli bir sasi lizerine
oturtulmus, 15 BG giiclii, 4 zamanh benzinli motora sahip (marsh-akiilii) ve baca sistemi 360° dénebilen
U¢ adet bilenebilir bicaktan olusan, hem sabit hem de bir kisi araciligiyla bag ve bahgelerde hareket
ederek calisabilme 6zellige sahiptir (Anonim, 2022g).

Son gorselde goriinmekte olan dal parcalama makinasi da arazide bulunan budanmis dal ve
surglinlerin parcalanmasini saglamaktadir. Makinanin arka tarafinda yer alan elek sayesinde, dallar elek
capindan gececek boyuta gelinceye kadar parcalanmaya devam eder. Makinanin hem ileri hem geri
calisabilme o6zelligi vardir. Ilerleme yoniiniin tersine ¢alisan ve hidromotor tarafindan tahrik edilen
besleyici rotor, lizerinde bulunan gii¢lii parmaklar sayesinde biiyiik dal pargalarini makinanin igerisine
hizla alarak yliksek parcalama etkinligi saglamaktadir. Rotor devir hiz ayar ise kasnak ayar kolundan
yapilmaktadir (Anonim 2022h)

4. SONUC VE ONERILER

Bagcilik ve bahge tarimi faaliyetleri sonucunda ortaya ¢ikan tarimsal artiklarin arazide yerde
birakilmalar1 ve degerlendirilmemeleri hem bitki ve cevre saghgi acisindan hem de yogun is giicii
gereksinimi agisindan sorun yaratmaktadir. Baglarda ve bahcgelerde 6zellikle budama islemlerinden
sonra bitki yapisi nedeniyle yogun miktarda dal ve siirgiin artiklar1 bulunmaktadir. Bu tarimsal
artiklarin pargalanmasi icin tretilen dal parcalama makinalari ile dallar istenilen parcacik boyutuna
getirilmelidir. Boylelikle arazide mevcut olan artiklarin degerlendirilmesi saglanmahdir.

Dal parcalama makinalarinin kullanimi insan is giicii temelli liretimde mekanizasyon kullanimina
faydali 6rnek olusturmaktadir. Dal pargalama makinalari ile artiklarin parcalanmasi sonucunda
cevrenin korunmasi, artik yonetimi ve tretimde siirdiirtlebilirlik gibi faydalar saglanmaktadir. Ayni
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zamanda mekanik yontemler ile zamanin etkin kullanimi sonucu arazi islerinin zamaninda yapilmasina
da olanak saglanmaktadir.

Asma ve meyve agaclarindan elde edilen artiklarin parcalanmasi ile elde edilen pargaciklarin geri
dontstirilmesi saglanarak bircok farkli alanda artiklarin yeniden kullanimi saglanabilmektedir.
Boylece belirli bir nem ve besin icerigine sahip tarimsal artiklarin yarayish hale getirilmesinde biiytik
avantajlar yaratilmaktadir. Tarimsal artiklarin degerlendirilmesi hem doniisttriilebilir ve siirdiirilebilir
bir tarim i¢in hem de tarimda mekanizasyon kullaniminin yayginlasmasi i¢in biiyiik 6nem tasimaktadir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Vineyard and horticulture activities are carried out intensively in the world and in our country.
Along with agricultural production, a large amount of agricultural waste is generated during pruning,
maintenance and harvesting processes. Agricultural wastes create big problems in the field. Therefore,
making waste useful with effective solutions will provide a significant advantage in production.

What is the importance of waste in agricultural production? What problems do agricultural wastes
cause? How are agricultural wastes evaluated? How is waste management done? In what ways is waste
shredding done? What are the mechanical methods used in the shredding of agricultural wastes?

In this study, it is aimed to explain the mechanical methods used in the evaluation of agricultural
wastes. At the same time, it has been investigated in which areas agricultural wastes can be used.

Methodology

In the shredding of agricultural wastes resulting from vineyard and orchard agriculture, for large
and thick branch pieces in wide field conditions, moving from the PTO or self-propelled, in small
production areas, stationary branch shredding/grinding machines are used mostly for fine and soft
wastes.

For an ecological and economical production, plantal wastes should be processed and recycled. For
this purpose, agricultural wastes; It can be used in different areas such as compost and mulch making,
heavy metal removal, energy source, particle board, mushroom, insulation material, and paper
production.

Results and Conclusions

The fact that the agricultural wastes generated as a result of viticulture and horticultural activities
take up space on the land and are not utilized cause problems both in terms of plant and environmental
health and in terms of intensive labor requirement. In vineyards and horticultures, especially after
pruning, there is a large amount of branch and shoot waste due to the plant structure. Branch shredding
machines produced for the shredding of these agricultural wastes bring the branches to the desired
particle size. Thus, it is possible to evaluate the wastes existing in the field.

The use of branch shredders is a useful example of the use of mechanization in human labor-based
production. Benefits such as environmental protection, waste management and sustainability in
production are provided as a result of the shredding of wastes with branch shredders. At the same time,
it allows the field works to be done on time as a result of the effective use of time with mechanical
methods.

[t is possible to reuse the wastes in many different areas by recycling the particles obtained by the
fragmentation of wastes obtained from vine and tree fruit. Thus, great advantages are created in making
agricultural wastes with a certain moisture and nutrient content useful. The evaluation of agricultural
wastes is of great importance both for a recyclable and sustainable agriculture and for the widespread
use of mechanization in agriculture.
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Savagslar, iklim degisikligi, salgin hastaliklar, kaginilmaz politik go¢ler, diinya niifusunun artmasi, niifusun kirsal
alanlardan sehirlere gocii ve yaslanan niifus, gida ihtiyacinin artmasina neden olmaktadir. Tarimda isgilik
maliyetlerinin artig, tarimsal faaliyetlerin fiziksel zorlugu ve tekrarlanan islerden olugmasi, tarimda mekatronik
ve robotik uygulamalarin artmasina neden olmustur. Robotik ve mekatronik uygulamalar, tarimsal triin
tedarikinde verimliligi artirmakla birlikte, sosyal ve ¢evresel faydalar da saglamaktadir. Pestisit ve herbisit
kullanimini azaltan robotik yabanci ot ayiklama uygulamalar1 ve hassas piiskiirtiicii sistemler de dogrudan
pozitif ¢evresel bir etki olusturmaktadir. Calismada, Dijital Tarim, Tarim 4.0, Akilli Tarim, Tarimsal Robotik ve
Otonom Sistemler ile ilgili yakin zamanda yayimlanmis olan literatiir taramasi yapilarak, teorik, laboratuvar ve
saha uygulamalar1 iceren makaleler incelenmistir. Bu ¢alismada, diinyada, son on yilda dijital/akilli/robotik
tarimda yiikselen trendler, bu alanda karsilagilan temel zorluklar ve gelecegin tarimsal uygulanmalarini
destekleyecek kurumlar arasi ortak bir stratejinin nasil gelistirilebilecegine dair sorulara cevap aranmistir.
Dijital tarim, akilli tarim, robotik tarim, tarim 4.0, hassas tarim gibi bir¢ok kavramin kullanildigi bir dénemde,
kurumlar arasi bir is birligi ve is bolimiine ihtiya¢ duyuldugu gorilmektedir. Ulusal anlamda ise, kisa, orta ve
uzun vadeli stratejiler belirlenerek iiniversiteler, tarim bakanligi ve TUBITAK gibi kurumlar arasi is boliimii
yapilmas bilgi kirliligi ve kavram kargasasinin 6niine gegerek zaman kaybini azaltacaktir.
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Wars, climate change, epidemics, inevitable political migrations, increase in the world population, migration of
population from rural areas to cities and ageing population cause an increase in the need for food. The increased
labor costs in agriculture, the physical difficulty of agricultural activities and the formation of repetitive jobs have
led to an increase in mechatronics and robotic applications in agriculture. Robotic and mechatronic applications
not only increase efficiency in the supply of agricultural products but also provide social and environmental
benefits. It provides a direct positive environmental impact in applications such as robotic weeding applications
and precision sprayer systems that prevent the use of pesticides and herbicides. In the study, the recently
published literature on Digital Agriculture, Agriculture 4.0, Smart Agriculture, Agricultural Robotics and
Autonomous Systems was searched and articles containing theoretical, laboratory and field applications were
examined. In this study, answers are sought to questions about the rising trends in digital/smart/robotic
agriculture in the world in the last decade, the main challenges faced in this field, and how to develop a common
inter-agency strategy that will support future agricultural practices. In a period when many concepts such as
digital agriculture, smart agriculture, robotic agriculture, agriculture 4.0, and precision agriculture are used, it is
seen that there is a need for cooperation and division of labor between institutions. In the national sense, by
determining short, medium, and long-term strategies, division of labor among institutions such as universities,
the ministry of agriculture and TUBITAK will prevent information pollution and confusion of concepts and
reduce time loss.

68


http://dergipark.org.tr/tr/pub/tarmak
mailto:hsahin@harran.edu.tr
https://orcid.org/0000-0002-3977-4252

Sahin, Tartm Makinalari Bilimi Dergisi/Journal of Agricultural Machinery Science (2022) 18(2): 68-83

1. GIRIS

Kiiresel niifus artisiyla birlikte iklim degisikligi, salgin hastaliklar (Covid-19 gibi), kaginilmaz politik
gocler, niifusun kirsal alanlardan kentsel bolgelere kaymasi ve gelismis tlilkelerde yaslanan niifus, gida
ihtiyacini her gecen giin arttirmaktadir. Tarimsal is¢iligin fiziksel zorlugu, dogasi geregi tekrarlanan
islerden olusmasi ve iscilik maliyetlerinin artisi, tarimda robotik ve mekatronik uygulamalar:
hizlandirmistir (Mekonnen & Hoekstra, 2016). Tarimsal robotik uygulamalar, gida tedarik zinciri
boyunca verimliligi artirmak ve israfi azaltmak gibi ekonomik faydalar saglamanin yani sira, 6nemli
toplumsal ve cevresel faydalar da saglamaktadir. Pestisit ve herbisit kullanimi1 gerektirmeyen veya
azaltan mekanik robotik yabanci ot ayiklama uygulamalar ve hassas puskiirtiicii sistemler de ayni
zamanda herbisit kullanimini azaltarak ¢evreye olumlu bir katki sunmaktadir (Mathiassen et al., 2006).

Tarimin en ilkel dizeyden glinlimiiz seviyelerine erisimi zaman icinde kademeli olarak
gerceklesmistir. Tarimda teknolojik gelismeler 4 uzun déneme ayrilmaktadir. Bu dénemler, Tarim 1.0,
Tarim 2.0, Tarim 3.0 ve Tarim 4.0 olarak adlandirilmaktadir. Ciftcilerin agirlikhi olarak insan ve hayvan
giicine dayali olarak el aletlerini kullandig1 antik ¢aglardan, 19. ylizyilin sonlarina kadar siiren
geleneksel tarim uygulamalarinin kullanildigi dénem, Tarim 1.0 olarak kabul edilmektedir. Tarim 2.0 ise
artik, tarim makinelerinin toprak isleme, sulama, ekim-dikim ve hasat islemleri icin kullanildig1 1780-
1870 yillar1 arasindaki déonem olarak adlandirilir (Y. Liu et al, 2021). "Hassas Tarim" olarak da
adlandirilan Tarim 3.0 donemi de tarimda bilgisayar ve elektronigin kullanilmasi ile baglamistir (Ahmad
etal, 2021). “Endiistri 4.0” kavraminin 2011 yilinda hayatimiza girmesiyle, tarimsal dijital donlisiim de
“Tarim 4.0” olarak adlandirilan yeni bir doneme girmistir (Dayioglu & Turker, 2021). Diinya 4. Sanayi
Devrimi'ne hizla uyum saglarken, Endistri 4.0 ¢iktilarindan biri olan tarim makineleri arasindaki
etkilesim ile hiz ve verimliligin artirilmasi hedeflenmistir. Bu teknolojilerin, bilginin daha da bilingli bir
sekilde kullanilmasini saglamasi, maliyetleri azaltmasi, tlretkenligi arttirmasi1 ve ciftcilerin isini
kolaylastirmasi beklenmektedir (Akbas & Bagci, 2021).

"Akilli tarim" olarak da bilinen hassas tarimin kékenleri, 1970'lere dayanmaktadir. Hassas tarimin
gelisimi, mekansal ve zamansal degiskenligi daha iyi kontrol etme arzusuyla ortaya c¢ikmistir
(Blackmore, 2009). Otonom sistemlerin ortaya cikisi, daha az enerji tiiketen, ekonomik, kii¢tik, akill
makinelere dayali yeni bir esnek tarimsal ekipman yelpazesi gelistirme firsati da vermektedir.

Tarim 4.0, gézlem, kontrol, tahmin ve lojistik temel alanlarindan olusmaktadir. Bu alanlar ise gesitli
alt uygulama alanlarim1 kapsamaktadir (Sekil 1).

S » _ » B

sHava durumu *Sulama eHava durumu sToplama ve
*Sera gazlar +Giibreleme sTarimsal Gretim depolama
«UYGU LAMALAR»'SU *Yabanci ot, bocek verimi eNakliye ve
sToprak ve hastalik +Uriin ve hayvan dagiim
eHayvanlar *Akill sera geligimi -T?darik zinciri
sHasat sistemleri ePazar talebi yonetimi
sKaynak
izlenebilirligi

Sekil 1. Tarim 4.0 temel alanlar ve uygulamalar: (Aradjo et al.,, 2021).
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Endistriyel siireclerden, modern yolcu ugaklarina ve tasit araglarina kadar ¢esitli uygulamalarda
elektrik motorlarinin ve aktiiatorlerin yayginlasmasi, mekanik ¢ekis ve calistirma sistemlerinden
elektrik tabanl sistemlere dogru bir gidisin gostergesidir. Bununla birlikte, buiyiik dizel araglarin uzun
yillar pratik kullanimda kalmasi tahmin edilmektedir. Son yillarda fotovoltaikler, riizgar tiirbinleri ve
biyogaz tesisleri i¢in tarim arazilerinin kullaniminda bir artis goérulmektedir. Bu nedenle, yalnizca
arazinin degil, ayn1 zamanda tiretilen elektrigin kullanim potansiyeli de tarimsal robotik uygulamalar
icin bir firsat sunmaktadir.

Bir¢ok tarim makinasi, mekanik bir baglanti yoluyla dogrudan ana hareket ettiriciden (genellikle bir
traktorden) tahrik edilir (Tim Chamen et al., 2015). Ancak, bunun yerine, elektrikli tahrik yontemleri
kullanilarak verimliligin de arttirilabilecegi ongoriilmektedir. Diger taraftan tarimsal alanlarda
karsilasilan en yaygin is kazalarinin, tarim makinalarinin mekanik baglantilarindan kaynaklandigi
bilinmektedir. Bu nedenle, ciftlik ekipmanlarinin elektrifikasyon ve otomasyonunun, is saghgi ve
giivenligi acisindan da biiyiik faydalar saglayacagi aciktir (Tillett et al., 2008).

2. TARIMSAL ROBOTIK VE MEKATRONIK

Ciftlik diizeyinde, robotik sistemler artik hayvanlarin sagilmasi icin de yaygin olarak
kullanilmaktadir (IFR, 2017). Hayvanlarin otlatilmasi/toplanmasi ise su anda nispeten Kkiiciik bir
ylzdedir, ancak bir AB 6ngorii ¢alismasi, 2025 yilina kadar tiim Avrupa siiriilerinin yaklasik %50'sinin
robotlar tarafindan sagilacagini tahmin etmektedir (Stanicek, 2020). Robotik sistemler, ciftlikte hayvan
yonetiminden, atiklarin ¢ikarilmasindan, yemlerin tasinmasina kadar bir¢ok gorevi yerine getirmeye
baslamistir (Bechar et al.,,2016; Saiz-Rubio et al., 2020; Yaghoubi et al., 2013). Ciftlik hayvanlarinin
otonom olarak izlenmesi ve saha verilerinin toplanmasi i¢in bu sistemler ilizerinde c¢alismalar
yapilmaktadir.

Son zamanlarda yapilan c¢alismalarin odak noktasi, tekrarlanan tarimsal aktivitelerin
otomasyonunun geleneksel isci veya makine yaklasimindan daha verimli ve etkili oldugunu belirlemek
olmustur (Fernandez-Novales et al,, 2021), (Bechar & Vigneault, 2016). Uriiniin yakininda (yerde veya
yukseklikte) calisabilen robotik platformlar ve ozellikle etkilesimli veya dokunsal oOzelliklerle
donatilmis, 6rnegin; yumusak meyve toplamak icin gelistirilmis uygulamalar goriilmektedir.

Modern robotigin bir avantaji da dusik maliyetli, hafif ve akilli bilesenler kullanilarak
olusturulabilmeleridir. Cep telefonlari, oyun konsollar1 ve mobil bilgi islem sistemleri (diziisti
bilgisayarlar, tabletler vb.) gibi tiiketici elektroniginde yaygin kullanilan, yiiksek kaliteli kameralar ve
gomiilli islemciler bu tiir platformlara ¢ok diisiik maliyetle yerlestirilebilmektedir (Shamshiri et al,,
2018).

Mekatronik terimi, bilgisayarlari, elektronik komponentleri ve mekanik parcalar1 birlestiren
miithendislik sistemleri anlamina gelmektedir. Mekatronik kavrami, bu {i¢ alt sistemin birlesimi ile anlam
kazanmaktadir. Mekatronik sistemler, yapay zeka teknikleri ile donatildiginda, tarimsal robotlarin ve
akilli tarim makinalarinin temeli olan akilli bir sistem olarak da tanimlanabilmektedir (Xiaoyu, 2020).

Bu durum farkli robotik uygulamalar icin diisiik maliyetli liretim imkani vermektedir. Aslinda hali
hazirda genis bir teknolojik altyapi, tarimsal robotiklerin sahaya gecisini daha da kolaylastiracaktir. Bazi
teknolojilerin 6zellikle tarim igin gelistirilmesi gerekecekken, diger alanlar icin kullanilmakta olan
teknolojiler, 6rnegin otonom araglar, yapay zeka ve makine 6grenmesi gibi teknolojiler tarim alanina
hizl bir sekilde uyarlanabilecektir (Tomar & Kaur, 2021).
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3. ROBOTIK VE OTONOM SISTEMLERIN UYGULAMADA KARSILASTIKLARI SORUNLAR

Tarim platformlari, 6nceden tanimlanmis bir alanda belirli bir {iriin tizerinde belirli bir gérevi
gerceklestirmek icin tasarlanmis alana ve goreve 6zel robotlar ve farkl alanlarda gesitli gorevleri
gerceklestirmek icin tasarlanmis genel platformlar olmak tizere iki gruba ayrilir. Genel olarak ciftlikler
cok farkli altyapiya sahip oldugundan, ilk robotlar yalnizca belirli bir ¢iftlikte yalnizca sinirh bir 6l¢iide
calisabilmekte idi. Ancak yeni yaklasimla birlikte, modern traktériin sayisiz kullanim érnegine benzer
sekilde, ¢ok sayida farkli gorevi yerine getirebilen ¢ok amach robotlar kullanilmaya baslanmistir. Bu
sistemlerin zayif noktalarinda birisi de ¢ogunun ¢amur, yagmur, sis, diisiik ve yiiksek sicakliklar gibi
gercek saha kosullarina dayanikl olmamalaridir.

Tarim robotlarinin zorlu, dinamik ve seralar gibi yar1 yapilandirilmis ortamlarda hareket etmesi
gerekmektedir. Yer robotlarinin engebeli, homojen olmayan, gamurlu topraklarda hareket etmesi, hava
araglarinin ise farkl hava kosullarinda da uzun siire ¢alismasi gerekir. Mevcut tarim robotlari, esas
olarak diger sektorlerden (6r. dronlar) teknoloji 6diing alinarak veya mevcut platformlara (6r. otonom
traktorler) bir eklenti olarak tasarlanmaktadir. Seralarda raylar lizerinde veya beton zeminde, acik
alanlarda ise asir1 camurlu ve zorlu arazilerde hareket etmek ¢ok kolay olmamaktadir (Grimstad & From,
2017). Bu nedenle, hareket etmek i¢in farkli araglarla ¢ok ¢esitli robotlarin bir araya getirildiginin yakin
bir gelecekte goriilmesi muhtemeldir. Gliinlimiizde ¢ogu tarim robotu pil/akii ve elektrik motorlari ile
calismaktadir, ancak yakin gelecekte muhtemelen hem elektrikli hem de yanmali motorlarin sahada bir
sure daha birlikte calistig1 goriilecektir.

Robotik platformlarda 6nemli bir unsur da agirlik ve hareket sisteminin zemin ve mahsul tizerindeki
etkisidir. Bu ylizden paletli ve ¢ok tekerlekli robotlar gibi ¢ok farkli platformlar kullanilmaktadir.
Platformlar ayrica, verilen goreve de bagh olarak farkh agirliklarda olmaktadir. Ornegin, hacimli veya
kok sebzeler gibi mahsul hasadinda kullanilacak platformun, yumusak meyve toplamada
kullanilanlardan daha agir olmasi gerekmektedir. Benzer sekilde, bacakl robotlarin ayak izlerini en aza
indirmek, hareket esnekligini en iist diizeye ¢ikarmak (6rnegin yanlara veya ekinler arasindaki dar
alanlarda hareket etmek, vb.) gerekmektedir.

insanlarla yakin is birligi yapan ve cobots olarak adlandirilan robotlar, bircok endiistriyel sektérde
onemli degisikliklere yol agmakta ve tarimsal otomasyonda da énemli bir yer tutmasi beklenmektedir
(Akella et al., 1999). Bu tip robotik uygulamalar, lrtnlerin verimli ve giivenli bir sekilde teslim
edilmesini kolaylastiran tarla i¢i lojistikten (nakliye), biitlinlesmis izleme ve miidahale uygulamalarina
kadar uzanmaktadir.

Akilli tarim makinalarinin otomatik arazi operasyonlarin1 gerceklestirebilmesi icin, makinalarin
asagidaki yeteneklere sahip olmasi gerekir:

1. Fiili calisma kosullarinin farkinda olma,
2. Degisen arazi, meteorolojik ve diger kosullarina kendini uydurabilmesi,
3. Uygun bir mekanik sistem yardimiyla bu diizeltmeleri uygulayabilmesi.

Boyle bir yetenege ulasmanin 06zii, genellikle, temel gorevleri kontrol eden basit mantik
kurallarindan, karmasik islemleri gerceklestirmek icin karmasik Al (yapay zeka) algoritmalarina kadar
uzanan, akilli makineleri yoneten modellere dayanmaktadir. Bu iist diizey algoritmalar, yapay sinir
aglari, bulanik mantik, olasilikli akil yiiriitme ve genetik algoritmalar gibi poptiler teknikler kullanilarak
gelistirilmektedir (Russell et al., 2021).
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Bu akilli makinalarin bir¢ogu, bir is¢inin yapabilecegi bazi saha gorevlerini yerine getirebildiginden,
bu tir makinelere robotik makineler de denebilir. Ornegin, otonom bir ¢cim bigme makinesi, robotik
makine kategorisine tam olarak uymasini saglayan temel navigasyon ve yol planlama 6zelliklerine
sahiptir ve bu nedenle, tarla robotu olarak tanimlanabilmektedir. Bu robotik makineler su anda arazi
calismalarinda is¢ilerin yerini almasa da robotiklerin tarimda tanitilmasi ve yaygin olarak kullanilmasi
yalnizca bir zaman meselesidir. Sekil 2’de, Japonya Ulusal Tarim ve Gida Arastirma Kurumu (NARO)
tarafindan gelistirilen otonom bir celtik ekim makinesi (¢eltik ekim robotu) ve Panasonic tarafindan
gelistirilen domates hasat robotu goriilmektedir.

| - = ;;' 5;‘. \’.. } & il
Sekil 2. Celtik ekim robotu (NARO) ve domates hasat robotu (Panasonic Corp.)

4. MAKINE GORUSU

Yapay gorme yaklasimlari, gida tretiminde otonom robotik sistemlerin gelisimini saglamak igin
onemli firsatlar sunmaktadir. Uriin izleme icin makine gériisiine dayali gorevler arasinda fenotipleme
(Pound et al., 2018), tek tek bitkilerin hasada ne zaman hazir oldugu, siniflandirma (Kusumam et al,,
2017) ve kalite analizi (Barnes et al.,, 2010) gibi verileri kullanarak bitkisel hastaliklarin baslangicini
tespit etmek gibi uygulamalar sayilabilir.

Ayrica makine algilamasi (goriisii), segmentasyon, meyve, bitki gibi c¢iftlik hayvanlari, insan, vb.
nesnelerin siniflandirilmasi ve takibini de kolaylastiracaktir (Amend et al., 2019). Ayrica, giivenli robotik
sistemlerin sahada calistirilmasi, tarimsal iiriinlerin anlamsal bélimlenmesi (yabani otlarin ve ana
lirtinlin ayirt edilmesi) gibi “neyin”, “nerede” ve “ne zaman” oldugunu anlamay1 saglayacaktir (Haug et
al., 2014),(Lottes et al,, 2017). Tarimda “robotik gori” de dogru degerlendirme yapilabilmesi icin,
aydinlatma, hava kosullari, goriintii arka plan1 ve nesnedeki degisikliklere karsi duyarlilik gibi
degiskenlerin etkin kontrolii gereklidir (Bosilj et al.,, 2018).

Yakin gelecekte bilgisayarli gorii teknolojisinin derin 6grenme teknolojisi gibi akilli teknolojilerle
birlestirilerek, biiylik 6lcekli veri kiimelerine dayali tarimsal liretim yonetiminin uygulanacagina ve
sorunlar1 ¢6zmek i¢in daha yaygin olarak kullanilacagina inanilmaktadir (Tian et al., 2020).

Yapay gorme, hayvanlarin agirlik tahmini, viicut kondisyonunun izlenmesi (Hansen et al., 2018) ve
hastalik tespiti (Abdul Jabbar et al, 2017) gibi amagclar icin kullanilmaktadir. Ayrica, insan yiiz
biyometrisi ¢alismalarindan uyarlanmis yiiz tanima tekniklerinin bireysel hayvan tanimlama amaciyla
kullanilmasi1 da (Hansen et al, 2018), hayvanlar icin hedefe yonelik hassas bakim ve zamaninda
miidahalelere izin verecek ve ciftlik tiretimini optimize edecektir.

Tarim triinlerinin otomatik olarak tutulmasi ve kavranmasi, diger sektorlere kiyasla bazi zorluklar
icermektedir. Bunlar, ayni Uriintin 6rnekleri arasindaki énemli dogal boyut ve sekil farkliliklarini,
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trtinlerin heterojen konumlandirilmasini (6rnegin hasat sirasinda) ve gida iirtinlerinin kirilgan yapisi
gibi durumlardir.

Meyve ve sebze hasadinda ise durum daha da farklidir. Meyve, sebze hasadinda sadece olgunlasmis
triinlerin toplanmasi gerekmektedir. Bu islem yapilirken de olgunlasmakta olan diger triinlerin ve
bitkinin zarar gormemesi gerekmektedir (6rnegin, sofralik domates hasadi otomasyonu). Benzer hasat
sorunlari i¢in, yumusak robotigin (Cheng et al., 2020), (Shepherd et al,, 2011) 6nemli bir rol oynamasi
beklenmektedir. Marul hasadi icin yumusak robotik aparatlar ve elma toplamak i¢cin vakum cihazlari gibi
kavrayicilara ihtiya¢ vardir. Bunu basarmanin bir yolu, insanlar gibi elastik yapilar iceren degisken
sertlikteki aktiiatorlerdir (Al Abeach et al., 2017), (Godaba et al.,, 2020). Baz1 gérevler ayrica dogru
miktarda kuvvet uygulanmasini1 ve kontrolden ziyade kuvvete dayali bir yaklasim gerektirir. Genel
olarak, tarimsal iriinlerdeki kavrama ve manipiilasyon uygulamalari, hassasiyetle harekete gecme
yeteneklerini korurken kuvvetlere karsi da saglamlik gerektirir. Uyumlu manipiilatorlerin ve
kavrayicilarin gelistirilmesi, karmasik gorsel ve dokunsal sensorlere olan ihtiyaci azaltarak tarim
robotlarinin tasarimini kolaylastiracaktir. Kavrama planlamasi da 6nemli bir zorluktur. En yaygin
yaklasim, tirtinleri bulmak i¢in goriintii sistemlerini kullanmaktir. Bununla birlikte, kavranacak nesne
diger uriinler veya yapraklar tarafindan kismen gizlenmisse, bu yaklasim basarisiz olabilmektedir.

Teknoloji daha yiiksek 6zerklik seviyelerine dogru gelisirken, insan denetimi 6ngortilebilir gelecekte
cogu tarimsal robotik sistem icin hayati bir 6nem arzedecektir. Robotik sistemler ayrica goreve ve
ciftlige 6zgii kisitlamalar1 68renecek ve bunlara uyum saglayacak sekilde tasarlanacaktir (Olsen & Wood,
2004). Giivenli Fiziksel insan Robot Etkilesimi (pHRI) (Haddadin & Croft, 2016), (Cherubini et al., 2016)
yaklasimlari, etkilesimi izlemek ve giivenli olmayan bir durum tespit edildiginde robotun davranisini
ayarlamak icin denetim sistemlerini icerir. Bunlar, genellikle kazalar1 6nlemek i¢cin robotu yavaslatmay1
veya tamamen durdurmayr saglayan onlemlerdir. Ancak bu yaklasim, robot tam potansiyeliyle
calismadigl icin verimi O6nemli o6lciide azaltabilmektedir. Gilincel arastirmalar, robotlarin giivenli
olmayan durumlari belirlemesine ve tahmin etmesine izin vererek bu yaklasimi gelistirmeyi ve ardindan
hem iiretkenlik hem de giivenligin korunmasina izin verecek sekilde gorevi siirdiirebilmesini
amagclamaktadir (Pereira, 2017).

5. TARIMDA YAPAY ZEKA

Yapay zeka teknolojilerinin, 6zellikle makine 6greniminde, yukaridaki teknoloji alanlarinin ¢ogunda
onemli bir rol oynamasi ve tarimsal robotlar i¢in kolaylastirici bir etken olacagi beklenmektedir
(Bhardwaj et al., 2021; Tomar & Kaur, 2021). Tarimsal alanlar, bir robotik sistemin kullanim stiresi
boyunca degisikliklere ve giincellemelere maruz kaldig1 ortamlardir. Ornegin yeni mahsul ¢esitlerini,
yabanci otlar1 ve zararhlar1 tanima, hastaliklar ve tedavileri, mevzuat ve iklim degisikligi bunlardan
bazilaridir (Galaz et al., 2021; Korinek & Stiglitz, 2021).

Tohum yerlestirme ve haritalama, bitkilerinin hava, 151k, besin ve toprak nemi gibi gereksinimler
nedeniyle, tarimsal otomatiklesme ihtiyaci gittikgce artacaktir (Talaviya et al., 2021). Ayrica, robotik,
ozellikle toprak (Fentanes et al., 2018) ve su (Hitz et al., 2012) icin hem izleme hem de miidahaleler dahil
olmak lizere, iiretime yonelik girdilerin yonetiminde gelecekte 6nemli bir role sahip olacaktir. Mahsul
yonetimindeki ana operasyonlardan biri, zamaninda ve dogru bilgi toplamak i¢in kesif yapmaktir.
Tarimsal triinlerin fiziksel durumunu degerlendirmek icin ¢esitli sensorler tasiyan otonom robotlar,
veri toplamada isinde de kullanilmaktadir (Aradjo et al., 2021). Bu verilerin toplanmasinda hem hava
hem de yer tabanli platformlar veya bunlarin kombinasyonlar1 (Walter et al., 2008) kullanilabilmektedir.
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Yabanci otlarin haritalanmasi, makine goriisii kullanilarak farkli yabanci ot tiirlerinin konum ve
yogunlugunun (biyokiitle) kaydedilmesi, gerekli miidahalelerin zamaninda yapilmasini saglamaktadir.
Robotik ot ayiklama, istenmeyen bitkileri mahsule zarar vermeden etkisizlestirmek, uzaklastirmak veya
gelisimini geciktirmek i¢in, “alternatif yontem” potansiyeli olan bir arastirma alanidir. Yabanci ot
kontrolii i¢in alternatif yontemler arasinda, “makine gormesi” kilavuzlugunda, mekanik ayiklama
(Machleb et al., 2020), segici (mikro) puskiirtme (B. Liu & Bruch, 2020),(Ghanizadeh & Harrington,
2019), lazerle ayiklama(Abouziena & Haggag, 2016; G. Coleman et al,, 2021; G. R. Y. Coleman et al.,, 2019;
Martins et al,, 2015; Marx et al,, 2012; Wéltjen et al., 2008), mikrodalga (Sahin, 2014; Sahin & Saglam,
2015;Hess et al.,, 2018;Brodie, 2018) ve elektrik akimi (Sahin, 2020;Sahin & Yalinkilic, 2017) gibi
yontemler yer almaktadir. Benzer sekilde, sira arasi yabanci ot kontrolii amaciyla gelistirilen, bulanik
mantik algoritmali ot ayiklama bigaklari, elektronik olarak kontrol edilebilmektedir (Kumar et al., 2020).

Yabanci ot kontroliinde kullanilan kimyasallar, {irtin verimi i¢in zorunlu olarak kullanilsa da bu
kimyasallarin asir1 kullanimi ciddi tarimsal ve ¢evresel sorunlara neden olusturmaktadir. Sahaya 6zgi
yabanci ot yonetimi (SSWM-Site Specific Weed Management) uygulamalarinda, yabanci otlar1 ve
mahsulleri tanimak i¢in dogru bir tespit ve tanima sisteminin kurulmasi gerekmektedir. Bu amagla,
insansiz hava araglar1 (IHA) ve diger robotlar, ana mahsuliin ve yabana otlarin dagilimmn gosteren
yuksek coziinturliikli gorintiiler elde etme kabiliyetine sahip olduklarindan, tarim arazilerini bitki
bazinda izleyerek hassas tarim (PA) uygulamalarinda potansiyel ¢6ziimler sunmaktadir (Khan et al,,
2021).

Yabanci otlarin insansiz hava araclar1 kullanilarak, goriintii isleme teknikleri ile tespit edilmesi
calismalarinda da ilerlemeler kaydedilmektedir. Yabanci otlarin, gesitli goriinti isleme teknikleri
kullanilarak tanimlanmasi, yogunluklarinin tespit edilmesi (B. Sin, I. Kadioglu, 2019; Dasgupta et al,,
2020; Dos Santos Ferreira et al., 2017; Luiz Carlos & Ulson, 2021; Rahman et al., 2015), ilag c¢esidi ve
dozunun belirlenmesi (Sabanci & Aydin, 2014) gibi calismalar yapilmistir. Bu yontemlerle birlikte,
evrisimli sinir agina (Convolutional Neural Network-CNN) dayali derin 6grenmeyi kullanarak, yabanci
otlarin otomatik olarak tanimlanmasi ve ardindan akilli bir sistem araciligi ile herbisitlerin yerel olarak
puskirtiilmesi saglanabilmektedir. Dolasiyla, biiyiik 6lcekli herbisit kullanimin1 engelleyerek cevreyi
koruyucu bir rol Gistlenmektedir (Jabir & Falih, 2022; Tan et al., 2020).

Goriinti isleme yontemi ile tarimsal Uriinlerde verim tahmini, hastalik teshisi (Fuentes et al., 2017;
J. Liu & Wang, 2020; Ngugi et al., 2021; Selvaraj et al., 2019; Tiirkoglu & Hanbay, 2019), zararh tiiri
tespiti yapabilen uygulamalara da rastlanmaktadir.

Sulama, robotlarin suyu dogru zamanda dogru yere hedeflemeye yardimci olabilecegi baska bir
alandir. Farkli nesne tanima algoritmalar:1 kullanilarak, mobil robotlar ile gercek zamanli goriintiiler
lzerinde, bitki nesnelerinin taninmasi ve bu taninma sonucuna gore ilaclama/sulama yapilmasi
calismalarinda yiiksek bagarilar elde edilmistir (Ozgen & Turan, 2020).

Hasat 6ncesi degerlendirme ve robotik duyusal sistemler tarafindan verim tahmini (Aggelopoulou
et al., 2011), ekin hasadi icin dogru zamani se¢gmede yardimci olacaktir. Segici hasat, mahsuliin yalnizca
belirli kalite veya miktar esiklerini karsilayan kisimlarinin hasat edilmesini icermektedir (Bac et al,,
2014). Bunun belirlenmesi icin iki kriter gereklidir; bunlar, hasattan 6nce gerekli kalite faktoriini
algilama yetenegi (tarla i¢i derecelendirme) ve kalan iirline zarar vermeden asil iiriinii hasat etme
yetenegidir. Secici hasat, mevcut robot teknolojisi icin, karmasik tarim ortaminda giriiltiili ve eksik
duyusal verilerle otonom sensér-motor koordinasyonunun nasil gerceklestirilecegi gibi ¢esitli zorluklar
icermektedir.
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6. SONUC VE ONERILER

Gelecekte en 6nemli li¢ stratejik kaynak olarak karsimiza, gida/tarim, temiz su ve yenilenebilir enerji
cikacaktir. Sirdiuriilebilir tarimsal kalkinmay:1 gerceklestirmek icin bu kaynaklarin daha verimli
kullanilmasi bir zorunluluktur. Verimi arttirmak icin de geleneksel tarim ve enerji yaklasimlarindan
vazgecilerek, hizla dijital ve akilli teknolojilerin gelistirilerek ¢iftcinin hizmetine sunulmasi
gerekmektedir. “Tarim 5.0” (Ahmad & Nabi, 2021) olarak da ifade edilen tarimsal dijital doniisiimiin
gerceklestirilerek, akilli tarim teknolojileri gelistirilmelidir.

Dijital tarim, verimi artirmak, ¢cevreyi korumak ve veriye dayali akilli karar verme imkani saglayan
bir tarimsal yonetimdir aslinda. Bu teknolojiler, giivenli, siirdtiriilebilir ve yliksek verimli gida tiretimini
destekleyerek artmakta olan diinya niifusunun ihtiyaglarina cevap verebilecektir. Teknolojik yenilikler,
tarimin bugiin kars1 karsiya oldugu bir¢ok ekonomik, sosyal ve cevresel zorluklarin iistesinden
gelmemize yardimc olabilir. Tarimsal makine ve robotlarin iletisimi (nesnelerin interneti-IoT), buyiik
veri (Big data), yapay zeka (Al), insansiz hava araglar1 (unmanned aerial vehicles-UAV), insansiz yer
aracglart (unmanned ground vehicles-UGV) ve robotik gibi yeni teknolojiler, tarimsal siirecleri daha
verimli hale getirecektir. Gelistirilecek, ulusal ve uluslararasi politikalar ve stratejilerle, akilli ilaglama,
bitkisel hastaliklar, iirtin ve topragin izlenmesi, akilli hasat gibi uygulamalara gecilmelidir.

Diinyanin en biiytik 10 tarimsal ekonomisi arasinda yer alan tilkemizin sahip oldugu bu potansiyeli
arttirmak i¢in tarimsal dijitallesmeyi desteklemek gerekmektedir (Pakdemirli et al., 2021). Ayrica, bu
teknolojilerin iilkemizde kullaniminin yayginlasmasi ontlinde farkindalik eksikligi, treticilerin yiiksek
yas ortalamasina sahip olmasi ve ciftcilerin egitim diizeyi yetersizligi gibi engeller oldugu da sdylenebilir
(Ercan etal, 2019).

Dijital tarimda kurumlararasi stratejik is birligi i¢cin gorev iistlenmesi gereken kurumlar olan;
Universiteler, Tarim ve Orman Bakanhg, ASELSAN ve TUBITAK gibi kurumlarin, YOK veya
Cumhurbaskanligi koordinasyonunda bir araya getirilerek bir yol haritasinin ¢ikarilmasi gerekmektedir.
Koordinator kurum tarafindan, tarimsal dijital teknolojik ihtiyac¢larin tespit edilerek, kurumlararasi is
béliimii yapilmahdir. ilgili kurumlarin, s6z konusu tarimsal amach dijital ve robotik teknolojilerin
gelistirilmesi, Giretimi ve ithalati ile ilgili alinmasi gereken kararlar alarak ilgili yasal diizenlemelerin
ivedilikle yapilmasi gerekmektedir.

Ayrica, tlkemizin tarimsal ihtiyaclar1 g6z 6ntline alinarak, tarimsal mekanizasyonda ihtiya¢ duyulan
dijital teknolojiler tespit edilmeli ve gereksiz teknoloji ithalatinin 6ntine geg¢ilerek milli gelir kaybinin
onlenmesi gerekmektedir.

Asagidaki sorularin cevaplari aranarak olusturulacak dijital tarim politikalarinin, kurumlar arasi is
birligi ve is boliimii ile gergeklestirilmesi gerekmektedir;

e Diinya’da ve Tiirkiye’de son on yilda Dijital /Akilli/Robotik Tarimda ytikselen trendler nelerdir?

« Dijital/Akilli/Robotik Tarim i¢in mevcut uygulama alanlari nelerdir?

e Dijital/Akilli/Robotik Tarim siirdiiriilebilir kalkinmaya nasil yardimc1 olacaktir?

e Dijital/Akilli/Robotik Tarimin karsi karsiya oldugu temel zorluklar nelerdir?

« Dijital/Akilli/Robotik Tarimin temel unsurlarini kapsayacak ve gelecegin tarimsal uygulanmalarini
destekleyecek kurumlararasi ortak bir strateji nasil gelistirilebilir?
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

The shift of the population from rural areas to cities, climate change, epidemics, migrations, the
increasing need for food in the world and the increase in labor costs necessitate robotic and mechatronic
applications in agriculture. Agricultural robotic and mechatronic applications also provide economic
benefits by increasing productivity.

Mechanical robotic weeding applications and precision sprayer systems that reduce the use of
agricultural chemicals make a positive contribution to the environment. It is expected to increase speed
and efficiency with the interaction between agricultural machinery, which is one of the important
outputs of Industry 4.0. It is necessary to ensure that these technologies are used more widely, to
increase productivity by reducing costs and to facilitate the work of farmers.

The aim of this study is to find the common orientation of the current articles published in the
agricultural transformation process, which is expressed under various titles such as digitalization in
agriculture, agricultural robotics, Agriculture 4.0 and agricultural mechatronics. In this transformation
process of our country, it is to determine the situation as the public and private sectors. It is to make a
small contribution to researchers who will work on these issues by scanning hundreds of published
articles.

Methodology

It is understood that agricultural robotic and mechatronic applications have come to a new stage in
this period, when we have reached the end of Industry 4.0. In order not to fall behind in the rapidly
developing digital world as a country, both the private sector and public institutions have a lot of work
in agricultural digitalization, as in all areas. In the study, over 400 articles made in recent years in the
world and in our country under the titles such as agricultural robotics, agricultural mechatronics, digital
agriculture and Agriculture 4.0 were scanned and the important studies were benefited from.

It is thought that the content and bibliography of this study will be useful to researchers who will
work on similar subjects. For this reason, as much as possible, recent studies published in indexed
journals have been cited.

Results and Conclusions

In order to realize sustainable agricultural development, traditional agriculture and energy
approaches should be abandoned and digital and smart technologies should be developed rapidly and
offered to the service of the farmer.

In fact, digital agriculture is an agricultural management that provides the opportunity to increase
productivity, protect the environment and make smart decisions based on data. These technologies will
be able to respond to the needs of the growing world population by supporting safe, sustainable and
highly productive food production. Technological innovations can help us overcome the many economic,
social and environmental challenges facing agriculture today.

With the national and international policies and strategies to be developed, practices such as smart
spraying, herbal diseases, monitoring of crops and soil, and smart harvesting should be started.

In order to increase this potential of our country, which is among the 10 largest agricultural
economies in the world, it is necessary to support agricultural digitalization. In addition, it is necessary
to know the reasons such as lack of awareness, high average age of the producers and insufficient
education level of the farmers, and measures should be taken accordingly before the widespread use of
these technologies in our country.

In addition, taking into account the agricultural needs of our country, digital technologies needed in
agricultural mechanization should be determined and unnecessary technology imports should be
prevented and the loss of national income should be prevented.
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Bu c¢alismada, alti farkh olgunluk safhasindaki Bandita F1 sera domates orneklerinde hasarsiz ¢arpma testi
uygulanmis ve test sonrasinda Olglilen ¢arpma parametreleri, referans olgiim olarak kabul edilen ve
domateslerin sertlik tanimlamasinda kullanilan kabuk yirtilma kuvveti (KYK) ve kabuk sertligi (KS) ile
iliskilendirilerek sertlik tahmin modelleri gelistirilmistir. Bu modellerin gelistirilmesi amaciyla dinamik ¢arpma
test diizenegi kullanilmistir. Kuvvet algilayicisina bagl aliiminyum ¢arpma plakasi tizerine domates meyveleri
15 mm mesafeden ¢arptirilmistir. Carpma islemi sonrasi sertlik tahmin modeli gelistirmek amaciyla ¢arpma
kuvveti-temas zamani grafikleri kullanilarak hasarsiz ¢arpma parametreleri elde edilmistir Bu ¢arpma
parametreleri referans 6l¢iim olarak kabul edilen KYK ve KS ile iligkilendirilmistir. Carpma parametre sayisi
stepwise regresyon analiz yontemiyle azaltilmistir. Elde edilen hasarsiz ¢arpma parametreleri ¢oklu dogrusal
regresyon analiz yéntemi kullanilarak domates sertlik tahminleri yapilmistir. Yapilan Istatistiksel analiz
sonuglarina gore, gelistirilen sertlik tahmin modelleri igerisinde ¢arpma parametreleri ile domates KS arasindaki
iliski yliksek ¢ikmistir, Kalibrasyon ve dogrulama veri gruplarinda domates KS tahmini belirtme katsayilari (R2)
sirasiyla 0.86 ve 0.88 olarak hesaplanmistir. Belirlenmis olan domates kabuk sertlik gruplar dikkate alinarak
orneklerin sertlik tahmininde kullamlan Model A, Model B ve Model C i¢in kalibrasyon ve dogrulama veri
gruplarina ait siniflandirma basarisi da hesaplanmistir. Kalibrasyon veri gruplari igin Model A ve Model C'de
gercek dogruluk 77 ve basar yiizdesi %83.70 olarak; Model B’de gercek dogruluk 74 ve siniflandirma basari
yiizdesi %80.43 olarak hesaplanmistir. Dogrulama veri grubunda ise Model A ve Model B’de gercek dogruluk ve
simiflandirma basar ytzdesi icin ayn1 degerler elde edilmistir, bu degerler Model C'nin degerlerinden daha
yiiksek bulunmustur.

Article Info

ABSTRACT

Received date :07.04.2022
Revised date :23.05.2022
Accepted date :03.06.2022
Keywords:

Tomato

Skin Rupture Force

Skin Firmness

Nondestructive Impact Technique
Multiple Linear Regression

How to Cite:

Ay, G. & Vursavus, K. K. (2022). “Determining the
Tomato Firmness Using Nondestructive
Impact Technique”, Journal of Agricultural
Machinery Science, 18(2): 84-104.

In tis study, nondestructive impact test was applied on Bandita F1 greenhouse tomato samples at six different
maturity stages and the firmness models were developed by associating the impact parameters obtained after
the impact test with the skin rupture force (KYK) and skin firmness (KS), which is are accepted as the reference
measurement and used in the definition of firmness of tomatoes. A dynamic impact test setup was used to
develop firmness estimation models. Tomato fruits were dropped from a distance of 15 mm on the aluminum
impact plate connected above the force sensor. In order to develop a post-impact firmness estimation model,
nondestructive impact parameters were extracted using impact force-contact time graphs. Obtained impact
parameters were associated with KYK and KS, which were accepted as reference measurements. The number of
impact parameters was were reduced by stepwise regression analysis method. Tomato firmness estimations
were made using the measured nondestructive impact parameters with the multiple linear regression analysis
method. According to the results of the statistical analysis, the relationship between the impact parameters and
tomato skin firmness was found to be strong for all the developed firmness estimation models. In the calibration
and validation datasets of KS, coefficients of determination (R2) were calculated as 0.86 and 0.88, respectively.
Taking into account the determined tomato skin firmness groups, the classification success of the calibration and
validation datasets for Model A, Model B, and Model C used in the firmness estimation of the samples were also
calculated For the calibration datasets, the values of actual accuracy and success rate were found to be 77 and
83.70% in Model A and Model C; 74 and 80.43% in Model B, respectively. In the validation datasets, the values
of true accuracy and classification success percentage in Model A and Model B were found to be same and higher
than those of Model C.
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1. GIRIS

Domates meyvesi dahil olmak tizere farkli meyvelerin sertligini giivenilir bir sekilde tahmin etmek
icin sikistirma ve penetrasyon testleri gibi cesitli geleneksel ve standart yontemler getirilmistir. Bu
testler, meyve dokusunu ve dolayisiyla sertligi tahmin etmek i¢in kullanilan giivenilir ve geleneksel bir
yontemdir (ASAE, 2001; Abbott, 2004). Testten bir kuvvet-deformasyon profili elde edilir ve buna gore
numunenin elastik sinir, biyolojik-akma ve kabuk yirtilma kuvveti ve meyve eti sertligi profilin
geometrik bilgilerine gore tahmin edilir. (Bourne, 2002; Fidelibus ve ark., 2002). Klasik penetrometre
ile ilgili cesitli cihazlar gelistirilmistir (Abbott, 1999; Peleg, 1999; Bourne, 2002). Onerilen bu
yontemlerin dogru ve tekrarlanabilir sonug¢larina ragmen, hepsi hasarli ve zaman alicidir ve yalnizca
olciim noktasinda mekanik 6zellikleri temsil eder bu nedenle, meyve siniflandirmasi i¢in gercek zamanh
0lctim teknikleri olarak uygulanamaz.

Bir meyvenin olgunlugu, mekanik, kimyasal ve reolojik 6zelliklerini karakterize eden niteliksel bir
olciidir ve tanimlanmasi zordur. Alternatif olarak, bircok meyvenin olgunlugu, meyvenin sertligi
kullanilarak dolayh olarak olg¢iilebilir, bu endeks (sertlik) olgunlukla ters orantilidir (Mohsenin, 1986;
Bashir ve Abu Goukh, 2003; Garcia-Ramos ve ark., 2005). Bu nedenle sertlik, meyve siniflandirmasinda
olgunlugun bir gostergesi olarak kullanilabilir (Jarén ve Garczia-Pardo, 2002; De Ketelaere ve ark, 2006;
Cavalini ve ark, 2006; Lien ve ark., 2009).

Farkli arastirmacilar tarafindan yiritilmiis olan o6nceki calisma sonuglari hasarsiz c¢arpma
tekniklerinin meyvelerin sertlik algilamalarinda kullanilabilecegini gostermistir (Garcia-Ramos ve ark.,
2005; Chen ve Ruiz-Altisent, 1996). Hasarsiz carpma teknigi kullanilarak meyve sertligi algilamalarinda
iki farkli yontem kullanilmaktadir. Bunlardan ilki kuvvet algilayicisi lizerine meyvenin distriilmesi ve
ikincisi de distk kiitleli bir kiiresel yanal impaktoriin ya da kiiresel uglu bir ¢ubugun meyveye
carptirilmas1 ve c¢arpma ivmesinin Olciilmesidir. Bu teknikler elastisite teorisi kullanilarak
aciklanabilmektedir (Timoshenko ve Goodier, 1970). Bu teorik yaklasim Hertz teorisinin genisletilmis
hali olup Newton’un ikinci yasasinin da kullanilmasiyla ¢6ziimlenebilmektedir (Chen ve Ruiz-Altisent,
1996).

Sabit bir yiizey tizerine (kuvvet algilayici lizerine) ¢arpan elastik bir kiirenin kuvvet tepkisi; elastik
kiirenin carpma hiz, kiitlesi, egrilik yaricapi, elastisite modiilii ve Poisson orant ile iligkilidir. Bu teknigin
kullanilmasinda ortaya ¢ikan problem, ¢carpma kuvvetinin meyvenin kiitlesi ve egrilik yarigapinin bir
fonksiyonu olmasidir. Bu nedenle, bu iki parametredeki biiytiik capl bir degisim sertlik 6l¢timlerindeki
hassasiyeti belirli oranda etkileyebilecektir.

Wang ve ark., (2009) {ig sertlik, iki diisme ytliksekligi ve {i¢ kiitle grubunda yapmis olduklari hasarsiz
carpma testlerinde seftali meyvelerinin sertligini tahmin etmistir. Yapilan analiz sonuclarina gore 0.5-
1.5 cm diisme yiiksekligi ve 95.2-145.8 g kiitle sinirlarinda seftali kiitlesinin ve diisme yiiksekliginin
carpma kuvveti lizerinde etkisinin istatistiksel olarak 6nemsiz oldugu seftali olgunlugunun ise, carpma
kuvveti (F) tlizerinde etkili oldugu belirlenmistir. Sonug¢ olarak meyve sertliginin hasarsiz ¢arpma
teknikleri kullanilarak o6l¢iilmesinde F parametresinin meyve elastisite modiilii parametresindeki
degisime oldukg¢a hassas oldugu goriilmektedir.

Sertlik parametre indeksi olarak kullanilabilen hasarsiz garpma parametrelerinin meyve sertligi ile
iliskilendirilerek sertlik tahmin modellerinin gelistirilmesine yo6nelik yapilan c¢alismalarda c¢oklu
dogrusal regresyon, ayirma analizi, yapay sinir aglar1 ve destek vektor makinalar1 gibi istatistiksel
yontemler kullanilmis ve tahmin modellerinin siniflandirma basarisi 6dlciilmeye ¢alisiilmistir.
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Calismalarda meyvelerin mekanik 6zellikleri hasarh referans 6l¢lim parametreleri olarak dikkate
alinmis ve hasarsiz carpma parametreleriyle olan iliskileri arastirilmistir. Burada énemli olan meyve ya
da sebzelerin hangi mekanik 6zelliklerinin referans 6l¢iim parametresi olarak kullanilabilecegine karar
vermektir. Ornegin Sekil 1’de 15 mm’lik diisme yiiksekliginden kuvvet algilayic1 iizerine diisiiriilen
domates meyvelerinin yesil olum, pembe ve kirmizi olgunluk safhasinda carpma kuvveti (Fmax1-3),
maksimum kuvvet zamani (tmax1-3) ve temas zamanindaki (ttemas1-3) degisim gorilmektedir. Yine Sekil
1’den gorildigi gibi domates meyvesi yesil olum safhasindan kirmizi olum safhasina kadar
olgunlastikca carpma kuvveti azalmakta, maksimum kuvvet zamani ve temas zamani artmaktadir.
Hasarsiz ¢arpma parametreleri olarak kabul edilen ve sertlik indeksi olarak da adlandirilan bu
parametrelerin domatesin olgunluk safhasina bagli mekanik 6zelliklerindeki degisimle olan iligkileri
sertlik tahmin modeli i¢in 6nemlidir. Bu nedenle kuvvet algilayicilarla 6l¢iilen sertlik indeksinin
(hasarsiz carpma parametreleri), domates referans o6l¢ciim parametrelerinden (hasarli mekanik
ozellikler) hangisini temsil edecegine karar vermek gerekmektedir. Domateslerin mekanik
ozelliklerinden olan kabuk yirtilma kuvveti, kabuk sertligi ve elastisite modiilt gibi parametreler bircok
arastirmaci tarafindan sertlik indeksi olarak kullanilmis olmakla birlikte 6nemli olan hasarsiz ¢carpma
parametreleri ile bu sertlik indeksleri arasindan hangisinin ytliksek oranda iliski icerdigini belirlemektir.
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Sekil 1. Domates olgunluk safthasina baghh maksimum ¢arpma kuvveti, maksimum kuvvet zamani ve
temas zamanindaki degisim

Kuvvet algilayici lizerine diisiirme test uygulamalarina iliskin cogu calismalarda, sertlik tahmini ya
da smiflandirma modelleri gelistirmek i¢in ¢arpma kuvveti-temas zamani profilinden tanimlanan bazi
carpma parametreleri kullanilmistir (Sekil 1). ilk carpma indeksi, yaban mersini sertligini tahmin etmek
icin maksimum ¢arpma kuvvetinin (F), maksimum ¢arpma kuvvetindeki zamaninin karesine (t%) orani
seklinde (F/t2) Rohrbach ve ark. (1982) tarafindan kullanilmistir. Ayrica, Delwiche ve ark. (1987) F/t ve
F/t? carpma indekslerinin seftali meyvelerinin kabuk yirtilma kuvveti ve elastisite modiiliiyle ytiksek
oranda iligkili oldugunu belirlemistir. Gliniimiize kadar hasarsiz ¢arpma teknigi kullanarak meyve
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sertlik tahminine yonelik bircok arastirmaci Elastisite ve Hertz teorilerini kullanarak calismalar
ylriitmis ve ozellikle meyvelerin siiflandirilmasinda kullanilabilecek sertlik algilayici sistemlerin
tasarimina yonelik olarak Elastisite ve Hertz teorik esitliklerinden yararlanmislardir.

Hasarsiz ¢arpma teknigi, orijinal malzemeye zarar vermeden kullanilan bir test ve analiz teknigidir.
Carpma sirasinda olciilen gerilme degeri, meyve dokusunun sahip oldugu gerilme degerini astig1 anda
hasar meydana gelmektedir. Bu nedenle ¢carpma gerilme degeri meyve doku gerilme degerinin altinda
olmalidir. Bu kosulda, carpma gerilmesi meyvede plastik deformasyona neden olmaz, ¢iinkii carpma
kuvvetlerinin maksimum gerilme degerleri, sikistirma testinde meyvenin elastik sinir bolgesindeki
gerilme degerlerinin altinda kalmaktadir. Hasarsiz ¢arpma tekniginde materyalin mekanik hasara
ugramaksizin Olciimlerin yapilmasi gerekmektedir. Dolayisiyla materyalin ve carpma ylizeyinin
mekanik 6zelliklerinin yaninda diisme yiiksekligi de kritik 6neme sahip bir tasarim parametresi olarak
karsimiza ¢ikmaktadir. Bu nedenle, materyallerin zedelenme esik ytliksekliklerinin hesaplanmasi ve
buna uygun diisme yiikseklikleri kullanilarak sertlik algilamalarinin yapilmasi gerekmektedir.

Bu calismada hasarsiz ¢arpma teknigi kullanilarak Bandita F1 sera domateslerinin sertlik
tahmininin yapilmasi amag¢lanmistir. Bu amagla, alt1 farkli olgunluk safthasindaki domates drneklerinde
hasarsiz carpma testi uygulanmis ve carpma testi sonrasinda elde edilen carpma parametreleri, referans
Ol¢lim olarak kabul edilen ve domateslerin sertlik tanimlamasinda kullanilan kabuk yirtilma kuvveti
(KYK) ve kabuk sertligi (KS) ile iliskilendirilerek sertlik modelleri gelistirilmistir.

2. MATERYAL VE YONTEM

Bu calismada, kullanilan Bandita F1 domatesleri Adana ilindeki bir seradan temin edilmistir.
Domateslerde farkl sertlik gruplari olusturmak amaciyla yesil olum, renk kirilmasi, renk dontisiimij,
pembe olum, agik kirmizi ve kirmizi olum gibi alti farkli olgunluk safhasinda hasat islemi
gerceklestirilmistir. Denemelerde kullanilan domateslerin ortalama kiitle, ekvatoral ¢ap, kalinlik ve
yuksekligi sirasiyla 107.16 + 15.34 g, 62.95 + 5.18, 57.63 + 2.91 mm ve 46.82 * 5.01 mm olarak
Olglilmiistiir.

Domateslerin kabuk rengi, CR-400 model (Konica Minolta Chroma Meter, Japan) renk 6l¢iim cihazi
kullanilarak L*, a*, b* ii¢ nokta 6l¢iim yéntemiyle renk uzay1 koordinatlar1 élgiilmiistiir Olgiim éncesi,
cihaz standart bir beyaz seramik plaka ile kalibre edilmistir (Y=88.20, x= 0.3174, y= 0.3222). Renk
Olciimleri (L*, a* b*) domates orneklerinin ekvatoral boélgesinde olmak iizere dort noktada
gerceklestirilmistir. Bu dort 6l¢iimiin ortalamasi olgunluk degerlendirmelerinde kullanilmak iizere
kaydedilmistir. Minolta renk 6l¢iim cihazi ile yapilan 6l¢iimlerdeki a* degeri domateslerin kirmizilik
derecesini, b* degeri de mavilik derecesini belirtmektedir. Bu arastirmada, domateslerin kirmizilik
degerleri ve olgunluk siniflandirmalar1 Batu (2004) tarafindan 6nerilen a*/b* degerleri kullanilarak
yapilmistir. Domates olgunluk safhalarinin belirlenmesinde kullanilacak olan a*/b* renk deger araliklari
Cizelge 1'de verilmistir. Domateslerin renk 6lciim noktalar1 hasarsiz 6l¢iim ve sertlik 6lgtimleri icin
isaretlenmis ve bu noktalardan hasarsiz ¢arpma parametre Olglimleri de yapilmistir. Denemeler
stiresince alt1 olgunluk safhasi i¢in 134 adet domates ve her domateste 4 renk 6lciimii olmak tlizere
toplam 536 renk dlciimi gerceklestirilmistir.
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Cizelge 1. Domateslerin olgunluk safhalarinin belirlenmesinde kullanilan a*/b* degerleri (Batu, 2004)

Olgunluk safhasi a*/b*
Yesil olum -0.59<a*/b*<-0.47
Renk kirilmasi -0.47< a*/b*<-0.27
Renk dénitisiimii -0.27< a*/b*<0.08
Pembe olum 0.08< a*/b*<0.60
Actk kirmizi olum 0.60< a*/b*<0.95
Kirmizi olum a*/b*>0.95

Domateslerin sertlik élciimlerinde Lloyd Universal Test cihaz1 (Lloyd Instrument LRX Plus Series)
kullanilmistir. Mekanik 6zelliklerin belirlenmesi i¢in yapilan 6l¢iimlerde 4 mm ¢apinda diiz batici ug
kullanilmis ve 10 mm minlik ylikleme hizinda c¢alisilmistir. Batici uca 10 mm yol aldirilmistir.
Olusturulan kuvvet-deformasyon grafikleri tizerinde yapilan okumalarda kabuk yirtilma noktasindaki
kuvvet (Fkyn) ile deformasyon (Dxyn) arasindaki oran (N mm-1) domates sertligi (Fkyn/Dkyn) olarak ifade
edilmistir. Hasarli 6l¢lim testi olarak da adlandirilan domates sertlik 6l¢iimleri, 134 adet domates
orneginde hasarsiz ¢arpma Ol¢limlerinin yapildigr 2 noktada gergeklestirilmistir. Toplam 268 adet
sertlik dlciimii yapilmis ve her domates 6rnegi icin ekvatoral bolgede o6lciilen 2 deger ortalamasi
istatistiksel analizlerde kullanilmistir.

Mekanik hasarsiz carpma teknigi dl¢limlerinde Vursavus ve ark. 2017 ve Tiides, 2019 tarafindan da
kullanilan ve genel ¢alisma ilkesi detayli olarak agiklanan dinamik carpma test cihaziyla hasarsiz carpma
parametre 6lciimleri yapilmistir. Meyve vakum pompasiyla iiretilmis olan vakum etkisiyle tutulmustur.
Vakum etkisini yitirdiginde meyve ¢carpma ytlizeyine ¢arptirilmis ve boylece kuvvet ¢carpma yiizeyinin
altina vidalanmis olan algilayici tarafindan algilanan ¢arpma sinyalleri tek kanalli bir ytikseltici (Model
4102C, DYTRAN) yardimiyla ytikseltilerek sinyaller veri toplama kartina (NI USB-6009) iletilmistir.
lletilen bu sinyaller 14 bit hassasiyetli olan veri toplama kartinin analog-dijital déniistiiriiciisii
yardimiyla sayisallagtirilmistir. MATLAB kullanilarak gelistirilmis olan yazilim araciligiyla sinyallerin
islenmesi sonucu ¢arpma kuvveti - temas zaman grafikleri ve elde edilen ¢carpma parametreleri yazilim
ara yuziinde goriilebilmekte ve ileriki analizlerde kullanilmak tzere kaydedilebilmektedir. Yapilan
carptirma testleri sonucunda goriintiilenen ikili carpma kuvvet-zaman grafigi ve 6l¢iilmiis olan hasarsiz
carpma parametreleri Sekil 2’de gorilmektedir.

P2

(N)

tP1-2

Carpma kuvveti

&}

tC1-2

40 60 120

Zaman (ms)

Sekil 2. Iki ardisik carpma uygulamasi sonrasi olusan ¢arpma kuvveti- zaman grafigi 6rnegi
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Carpma plakas lizerinde iki carptirma islemi gerceklestirilmis ve farkli olgunluk safhalarina sahip
domates 6rnekleri ile aliminyum ¢arpma plakasi arasindaki mesafe Stropek ve Golacki (2007) ve Tiides,
2019 tarafindan onerildigi gibi 15 mm olarak ayarlanmistir. Dinamik ¢arpma test cihazinin kontrolii
yazilim Uuzerinden saglanabilmektedir. Sekil 2’de goruldugii gibi; meyvenin iki ana ¢arpma aldigl
diistintilebilir (biri dogrudan diisme ve ikincisi ilk geri sicrama nedeniyle olusan diisme). Meyvenin
kuvvet algilayicisina diismesi meyve dokusunda deformasyona neden olan bir kuvvet olusturur. Kuvvet
algilayic1 tlizerine ¢arptirma agik¢a, meyvenin toplam enerjisinin belirli bir kisminin iletildigi esnek
olmayan bir soku temsil etmektedir. ilk carpmadan sonra, meyve geri sicrama nedeniyle ikinci bir
carpmaya maruz kalmakta ve yeni bir enerji iletimi tiretilmektedir. Bu enerji fraksiyonlari, domates
sertligiyle dogrudan iliskilidir.

Ardisik iki carptirma islemi sonrasi olusan kuvvet-zaman egrisi altindaki alan impuls degisimini
vermektedir. Az= Birinci carpma impuls degeri ve Az= ikinci carpma impuls degeri olarak gosterilen egri
altindaki alan hesabi asagida verilmis olan esitlik kullanilarak yapilmistir.

t t

A, = f CFPLZ. dt = Cde =m{Vs+ V) (D
0 0

Burada;

A, : Birinci ve ikinci carpmanin impuls degerini (Ns),

t. : Birinci ve ikinci garpmanin temas zamanini (s),

Fpio : Birinci ve ikinci garpmanin maksimum kuvvetini (N),

V; : Ilk carpma hizini (m s-1),

Vs : Son ¢arpma hizini (m s-1),

ifade etmektedir.

2 ve 3 nolu esitlikte yer alan V; ve V; hizlar asagidaki esitlikler kullanilarak hesaplanmistir.

Vit =+2.9.-hq (2)

_9-tei—

Vi1 =Vip = 2 (3)
Burada;
hg : 15 mm’lik diisme ytiksekligini ifade etmektedir.
teiz : Birinci ¢arpma sonrasi ikinci ¢arpmaya kadar gecen siireyi ifade etmekte olup ¢arpma

sonrasli sigrama ve tekrar duisiis olmak tizere sicrama ve diisme ytiksekligi t-,_, zamaninin yarisi olarak
alinmaktadir.

Sekil 2’de verilen ve hasarsiz ¢carpma parametreleri olarak ifade edilen parametreler ve birimleri
Cizelge 2’de verilmistir. Ayrica, hasarli 6l¢iim parametreleri olarak domateslerin sertlik ifadesinde
kullanilan parametreler de Cizelge 2’de gosterilmistir.

Cizelge 2’deki carpma parametrelerine ek olarak asagida verilmis olan carpma parametreleri de
gelistirilmis olan domates sertlik tahmin modellerinde kullanilmistir (Lien, ve Ting, 2014). Yiiksekligi,
kuvveti ve hizi 6lcmek pek pratik degildir. Alternatif bir yaklasim, kuvvet-zaman profilini analiz ederek
carpismayi karakterize etmektir. Buna gore, domates meyvelerinin olgunlugunu karakterize etmek icin
asagidaki hasarsiz carpma parametreleri 6nerilmistir:
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Co1z = M 4)
P1-2
fe1— fp2

Criy="—"2= 5
o1z tc1-2 (5)

fr2
Rpp = —= 6
= (6)

tc2
RT, =— 7
¢ tc1 (7)
AFp = fp1 — fp2 (8)

Lien ve ark. (2009) ve Lien ve Ting (2013), domates ve guava meyvelerinin kiitle etkisini de iceren
asagidaki carpma parametrelerini de sertlik tahmin modellenmesinde kullanmislardir.

Cp12

Crw,12 = Wiy (9)
Cc12
Cowaz = Wiy (10)

Cizelge 2. Hasarli ve hasarsiz 6l¢iim parametreleri

Olciim tipi Parametre Ol¢ii birimi
A1 = Birinci garpmanin impuls degeri Ns
Az= Ikinci carpmanin impuls degeri Ns

fp1= Birinci carpma maksimum kuvvet degeri N
fp2= [kinci carpma maksimum kuvvet degeri N
L tp1= Birinci garpmanin maksimum zamani S

Hasarsiz élgtim L .
tp2= Ikinci garpmanin maksimum zamani S
tc1= Birinci carpma temas zamani S
tez= Ikinci carpma temas zamani s
S

tc1-2= Iki carpma arasindaki zaman

Ww= Domates Kkiitlesi (g)
o Fkyk= Domates kabuk yirtilma kuvveti (KYK) N

Hasarli élgtim o
Fkyk/Dkyk= Domates kabuk sertligi (KS) N mm-1
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Domates kabuk yirtilma kuvveti (KYK) ve domates kabuk sertliklerinin (KS) 6l¢tildiigli noktalarda
oncelikle dinamik ¢arpma test cihazini kullanarak kuvvet algilayici tizerine ¢carpma testleri yapilmistir.
ikili carpma olarak gerceklestirilen él¢iimler sonrasinda ayni bélgede domates érneklerinin KYK ve KS
Olcimleri LLOYD materyal test cihazi1 kullanarak gerceklestirilmistir. 134 adet farklh olgunluk
safhasindaki domates ornekleriyle yapilmis olan ¢arpma testleri sonucunda elde edilen hasarlh ve
hasarsiz 6l¢iim parametreleri ¢oklu dogrusal regresyon analiz yontemiyle degerlendirilerek hasarh
olciim parametreleri bagimli degisken olarak, hasarsiz 6l¢iim parametreleri de bagimsiz degisken olarak
dikkate alinmistir. Hasarl 6l¢tim referans (kabuk yirtilma kuvveti (KYK): Fkyk ve domates kabuk sertligi
(KS): Fxyk/Dxyk) ve hasarsiz carpma parametreleri arasindaki iliski, Pearson korelasyon matriks testi ile
belirlenmistir. Dkyk, kabuk yirtilma noktasindaki deformasyonu ifade etmektedir.

Domates 6rneklerinin sertlik siniflandirmasi i¢in kullanilan farkl olgunluk seviyesindeki 134 adet
veri kiimeleme analizine tabi tutulmus ve istatistiksel olarak domates kabuk sertligi sinif araliklari
belirlenmistir. Boylece gelistirilmis olan sertlik tahmin modellerinin siniflandirma tahmin basarisi da
hesaplanmistir.

Farkli olgunluk safhasindaki 134 adet domates icin elde edilen ortalama sertlik degerleri oncelikle
iki gruba ayrilmistir. Sertlik verilerinin (KYK ve KS verilerinin) %70’i kalibrasyon amagcli, %30’u da
dogrulama amach kullanilmistir. Domates sertlik degerlerinin tahmininde hasarsiz ana ¢arpma
parametreleri (Fp1, Fp2, tc1, tez, tr1 ve tp2), tim carpma parametreleri (11, I2, Fp1, Fpo, tc, tee, te1, tee, te1-2, tei-
2, Cp1,2, Cc1,2, Rrp, AFp, RTc, Cpw,12, Cc12) ve stepwise regresyon analiz yontemiyle secilmis olan carpma
parametreleriyle ¢oklu dogrusal regresyon analiz yontemi kullanilarak sertlik tahmin model esitlikleri
gelistirilmistir. Ayrica, gelistirilen tahmin model esitliklerinin sertlik smniflandirma basarilar1 da
hesaplanmistir. Literatiirde 6nerilen ve sertlik indeksi olarak kullanilan Fp1,2/tp1,2 ve Fp1,2/tp1,22 carpma
parametreleri de test edilmistir (Delwiche ve ark., 1987; Gutierrez ve ark. 2007). Fakat, yapilan
istatistiksel analiz degerlendirmeleri sonucunda yukarida belirtilmis olan ¢arpma parametreleri
kullanildiginda sonuglarda daha fazla sertlik tahmin gelisimine ulagilamamuistur.

Kalibrasyon ve dogrulamanin hata kareler ortalamasinin karekokii (RMSE), ortalama mutlak hatasi
(MAE) ve ortalama mutlak hata ytizdesi (MAPE) gelistirilen sertlik tahmin model esitliklerin performans
degerlendirmelerinde kullanilmistir. RMSE, MAE ve MAPE asagida verilmis olan esitlikler yardimiyla
hesaplanmistir.
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n
RMSE = %Z(Yiact _ Yiest)z (11)
i=1
n
MAE:%Z|YiaCt_Yiest| (12)
i=1
1 n |Yiact _ Yiest|
MAPE = (EZT) .100 (13)
i=1 t
Burada;
MAE : Ortalama mutlak hatays,
RMSE : Hata kareler ortalamasinin karekokin,
MAPE : Ortalama mutlak hata yiizdesini,
y2et : 1. 6lgiilen degeri,
yest : i. tahmin edilen degeri,
n : Toplam 6l¢iim sayisini,

ifade etmektedir.

istatistiksel degerlendirmelerde Esitlikler 11-13’de verilmis olan performans parametrelerinden
daha yiiksek R2 degeri ve daha diisik RMSE, MAE ve MAPE degerlerini veren model optimal model
olarak kabul edilmektedir.

Coklu dogrusal regresyon analizi yontemi kullanilarak gelistirilmis olan sertlik tahmin modellerinde
asagidaki esitlik kullanilmistir.

C=PBo+ P10+ P20y +...5nCy (14)
Burada;
C : Bagimli degiskenleri (KYK=Fxyk, KS=Fkyk/Dxyk),
Cy,Cy, ...Cp : Cizelge 2’de aciklanmis olan bagimsiz degiskenleri,
Bo> B1s -+ Pn : modelin regresyon katsayilarini,

ifade etmektedir.

3. ARASTIRMA BULGULARI VE TARTISMA

Daha onceden isaretlenmis olan noktalarda domates kabuk yirtilma kuvveti ve domates kabuk
sertligi 6lciimleri yapilmistir. Olgunluk safthasina bagh kabuk yirtilma kuvveti (KYK) ve kabuk sertligi
(KS) degisimi Sekil 3’te verilmistir. Varyans analizi sonuglarina gore olgunluk safhasindaki degisim hem
KYK hem de KS iizerinde istatistiksel olarak %1 (P<0.01) seviyesinde etkili bulunmustur. Ayrica, Sekil
3’te goruldiugi gibi, KYK’'nin oralamalari arasindaki fark yesil olumdan pembe olum olgunluk safhasina
kadar farkh gruplar icerisinde yer almis ve KYK deki diisiis egilimi istatistiksel olarak da 6nemli
bulunmustur. A¢ik kirmizi ve kirmizi olum safhasinda bu degisim hizi yavaslamis ve ortalamalar ayn
grup icerisinde yer almistir. Istatistiksel olarak da degerler arasindaki fark énemsiz ¢ikmistir. Genel bir
degerlendirme yapildiginda olgunluk safhasindaki degisimin KYK tizerindeki etkisi istatistiksel olarak
onemli bulunmustur (P<0.01).
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w

Yesil s Acik

i Kinlma Dénusim Pembe A Kirmizi
# Kabuk yirtiima kuvveti (N)  19.91 18.1 10.85 589 4.63 3.85
# Kabuk sertligi (N/mm) 3.57 3.14 2.21 1.74 1.54 1.16

Sekil 3. Olgunluk safhasina bagh domates kabuk yirtilma kuvveti ve kabuk sertligi degisimi

Olgunluk safhasina baglhh domateslerin kabuk sertligindeki (KS) degisim yesil olumdan pembe
olgunluk safhasina kadar hizli gerceklesmistir. KS'deki degisim hizi1 pembe ve ac¢ik kirmizi olgunluk
safhalarinda azalmistir. Kirmizi olgunluk safhasinda ise KS 6nemli diizeyde azalma g6stermistir. Yapilan
Duncan c¢oklu karsilastirma testine gore de benzer sonugclar elde edilmis olup ortalamalar1 arasindaki
fark istatistiksel olarak (P<0.05) da ayni egilimde gerceklesmistir.

Domateslerin sertlik tahmininde kullanilan hasarsiz carpma parametreleri ile KYK ve KS arasindaki
iliski Pearson korelasyon testiyle analiz edilmis ve sonuclar Cizelge 3’te verilmistir. Dinamik carpma test
cihaz kullanilarak alt1 farkli olgunluk sathasindaki domates 6rnekleri 6ncelikle 15 mm ytikseklikten
kuvvet algilayiciya vidalanmis olan aliiminyum plaka tlizerine iki kez diisiiriilmiis ve dlciilen hasarsiz
carpma parametreleri KYK ve KS ile iliskilendirilmistir. Hasarsiz ¢carpma ve hasarli mekanik 6zellik
6lciimleri domateslerin ayni noktasinda yapilmistur.

Cizelge 3’te goruldugu gibi, KYK icin Cpw,12 ve Cci2 ve KS icin de Cc,12 hasarsiz ¢carpma parametreleri
disinda diger tim parametreler %1 (P<0.01) 6nem seviyesinde domates kabuk yirtilma kuvveti ve
domates kabuk sertligi ile iliskili bulunmustur. Pearson korelasyon analizi sonug¢larina gore domates
kabuk yirtilma kuvveti (KYK) ile hasarsiz carpma parametre degerleri arasindaki korelasyon domates
kabuk sertliginden (KS) daha diisiik cikmistir (Cizelge 4.1). KYK ve KS icin en yiiksek korelasyon (R)
sirasiyla 0.818 ve 0.920°lik deger ile Fp2 carpma parametresinde gerceklesmistir. KS ile hasarsiz carpma
parametreleri arasindaki korelasyon tiim ¢arpma parametreleri icin KYK'den yiiksek ¢ikmistir. Bu
nedenle, tahmin model gelistirmede sadece KS referans 6lciim parametresi olarak dikkate alinmistir.
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Cizelge 3. Hasarsiz ¢carpma parametreleri ile domates kabuk yirtilma kuvveti ve domates kabuk sertligi
arasindaki korelasyonu (R) gosteren analiz sonuglari

KYK KS A1 Az Fp1 Fp2 1 tr2 L 2 tc12 tr12 Cp12 Cc12 R AFp RTc Cpw,12 Cc12

KYK 1].897°°| 503" | 577°7|.748""| .818""| -536""| -.605""| -.6267"| -.666"°| .460""| .319""| 43077 .352""|.638""|.5867"| -412""| .133"| 039"

KS 897" 1| 578" | .654""| 857" | 920" | -634""| -617"7| -732""| -728"| 399™| .231"| 570" .498”| 689" | 6897 | -359"7| 209" .118™

KYK: Domates kabuk yirtilma kuvveti (N); KS: Domates kabuk sertligi (N/mm); **: %1 seviyesinde 6nemli; ns: 6nemsiz

40
35 ® Yesil olum
30 e Kinlma
=
= Donasum
® 25
S
2 e Pembe
o 20
a e Acik kirmizi
S 15
e Kimizi
10
5
0

Temas zamani (ms)

Sekil 4. Farkli domates olgunluk seviyesinde 6lciilen 1. carpma kuvvet-temas zamani degisimi

Sekil 4, farkli olgunluk safhalarinda ¢arpma sirasinda Fpi kuvvetinin zamana goére dagilimini
gostermektedir. Meyve olgunlastikca ¢carpma kuvveti azalirken temas zamani artmaktadir. Yesil olum
safthasindaki domates 6rnegi ile karsilastirildiginda kirmizi olum safthasindaki domates 6rnegi daha
uzun temas siiresinde daha diisiik maksimum c¢arpma ivmesine ulasmaktadir. Domatesler yesil olum
safhasinda iken daha serttir ve olgunlastikca meyve eti yumusamaktadir. Meyveler visko-elastik kiireler
olarak modellenebilmektedir. Sert bir ylizeye ¢arparken olusan reaksiyon kuvveti, Poisson oranina,
elastikiyet modiliine (sertlikle ilgili olan), egrilige, kiitleye ve hiza baghdir. Olgunlasmamis meyveler
daha esnektir ve viskozite seviyesi olgunluk ile artar (Garcia ve ark., 1988). Olgunluga bagl gelisen
viskoelastik etkiden dolayr (zamana bagh gerilme ve gerinim) carpma kuvveti, meyve temas
noktasindaki maksimum deformasyon 6ncesinde en yiiksek seviyeye ulasmaktadir.

Coklu dogrusal regresyon analiz yontemi kullanilarak yapilan domates KS tahmini model
esitliklerinde ti¢ model yaklasimi kullanilmistir. Bunlardan ilkinde (Model A), ana ¢carpma parametreleri
bagimsiz degisken olarak secilmistir. ikinci model yaklasimda (Model B), yapilan Pearson Korelasyon
testi sonuclarina gore KS ile istatistiksel olarak iliskili bulunan tiim ¢arpma parametreleri bagimsiz
degisken olarak tahmin modeli gelistirmede kullamlmistir. Uciincii model yaklasimda (Model C) ise
stepwise regresyon analizi sonuclarina gore istatistiksel olarak 6nemli bulunan hasarsiz ¢arpma
parametreleri bagimsiz degisken olarak tahmin modeli gelistirmede kullanilmistir.

Cizelge 4’'te domates KS tahmini icin kalibrasyon verileri kullanilarak gelistirilen model esitliklere
iliskin korelasyon katsayisi (R), belirtme katsayisi (R2), diizeltilmis R? ve tahmini standart hata gibi
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istatistiksel sonuclar verilmistir. Ana carpma parametreleri Model A’'nin, Pearson Korelasyon testi
sonucunda 6nemli bulunan ¢arpma parametrelerinin tiimi Model B'nin ve stepwise regresyon analizi
sonucunda onemli bulunan ¢arpma parametreleri de bagimsiz degisken olarak Model C'nin gelistirilmesi
icin kullanilmistir.

Cizelge 4. Kabuk sertligi (KS) tahmini i¢in kalibrasyon verileri kullanilarak gelistirilen model esitliklere
iliskin istatistiksel sonuclar

Model R R? Diizeltilmis R? Tahmini Standart Hata
A 0.9262 0.857 0.847 0.3192541
B 0.939b 0.881 0.859 0.3060806
C 0.928¢ 0.861 0.858 0.3077114

(Model A): Fpi, Fpz, tc, tcz, tea, tpz

(Model B): A1, Az, Frz, tey, trz, tci, tez, te1-2, Cpiz, Cciz, Rrp, AFp, RTc, Crw12
(Model C): Fp2. Az

Bagimli Degisken: Kabuk Sertligi (KS). N mm-1

Kalibrasyon verileri kullanilarak KS tahmini i¢in gelistirilmis olan Model A, Model B ve Model C ye
ait esitlikler, kullanilan ¢carpma parametreleri ve belirtme katsayilari asagida verilmistir.

MODEL A: Ana ¢arpma parametreleri kullanilarak gelistirilen model esitlik,

KS = 0.756 — 0.013Fp, + 0.227Fp, — 210.392tp, + 177.058tp, + 20.899¢t,, — 103.018¢,
(R2=0.857)

MODEL B: Pearson korelasyon matriks yontemi ile istatistiksel olarak 6nemsiz bulunan ¢arpma
parametreleri disindaki tiim parametreler kullanilarak gelistirilen model esitlik
KS =9.744 — 36.818A4, + 5.4824, + 0.212Fp, + 43.894tp, + 134.040tp, — 889.829¢t4
+ 590.567t¢; + 20.023tc1—» — 0.077Cp 15 + 0.071C¢ 15 + 0.956REp + 0.1424Fp

— 7.777RT, — 0.603Cpyy 12
(R2= 0.881)

MODEL C: Stepwise regresyon analiz yontemi kullanilarak gelistirilen model esitlik

KS = 0.005 + 0.296F», — 27.9184,
(R2=0.861)

Kalibrasyon verileri (n=92) kullanilarak gelistirilen KS tahmin modellerinin dogrulugu da test
edilmistir. Bunun igin kalibrasyon veri gruplar1 kullanilarak gelistirilen model esitlikte dogrulama
verileri (n=42) kullanilmistir. Cizelge 5'de Model A, Model B ve Model C i¢in hesaplanan kalibrasyon ve
dogrulama veri gruplari i¢cin bazi tamimlayici istatistiki degerlere ait degerler verilmistir. Kalibrasyon
verileri ile farkli olgunluk safhasindaki 92 adet domates 6rnekleri kullanilarak yapilan KS ortalama
tahmin degerleri Model A i¢in 2.19 N mm-!, Model B i¢in 2.00 N mm-! ve Model C i¢in ise 2.17 N mm-1
olarak hesaplanmistir. Olgiilen ortalama KS degerleri (2.18 N mm-1) ile karsilastirildiginda en yakin
tahmin degerleri sirasiyla Model C ve Model A’da gerceklesmistir. Model B'nin tahmin degeri ise 3.11 N
mm-! ile Model C ve Model A’dan bir miktar yiiksek cikmistir. R? belirtme katsayilarin1 da dikkate
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aldigimizda Model C'nin R? degerinin yiiksek olmasi ve model esitlikte kullanilan parametre sayisinin
azlig1 nedeniyle Model C daha dogru ortalama tahmin sonucunu vermistir. Model yaklasimlara iliskin KS
ortanca degerleri karsilastirildiginda da ortalama degerlere benzer sekilde, 6lctilen KS'ne (3.46 N mm-
1) en yakin tahmin 3.65 N mm-1’lik degerle Model C’de ger¢eklesmistir. Bunu sirasiyla Model A (3.70 N
mm-1) ve Model B (3.11 N mm-1) izlemistir.

Dogrulama veri gruplari ile farkli olgunluk safhasindaki 42 adet 6rnekle yapilan KS ortalama tahmin
modelleri Model A icin 2.16 N mm-1, Model B i¢in 1.98 N mm-1 ve Model C i¢in de 2.14 N mm-! olarak
hesaplanmistir. Olgiilen KS degeri (2.07 N mm-1) ile karsilastirildiginda Model C de tahmin edilen
ortalama deger o6lciilen ortalama degere en yakin ¢ikan model olmustur. Model A ve Model B benzer
tahmin sonuclar1 vermistir. Ortanca degerlere iliskin olarak o6l¢ilen 3.09 N mm-1’lik degere en yakin
sonu¢ Model B'de (2.62 N mm-1) gerceklesmistir. Bunu sirasiyla Model C (2.54 N mm-) ve Model A (2.52
N mm-1) izlemistir. Dogrulama veri grubunda 6zellikle tahmin edilen ortanca degerler gelistirilen tli¢
model yaklasim icin de kalibrasyon veri grubundaki tahmin edilen ortanca degerlerden diisiik ¢cikmistir.

Cizelge 5. Gelistirilen modellerin 6l¢iilen ve tahmin edilen kabuk sertligine (KS) iliskin kalibrasyon ve
dogrulama veri gruplarinin tanimlayici istatistiksel sonuglari

Kalibrasyon (n = 92) Olciilen Model A Model B Model C
Ortalama (N mm1) 2.18 2.19 2.00 2.17
Standart sapma () (N mm1) | 0.82 0.76 0.75 0.76
Minimum (N mm1) 0.81 0.60 0.79 0.67
Maksimum (N mm-1) 4.26 4.30 3.90 4.32
Ortanca (N mm1) 3.46 3.70 3.11 3.65
Dogrulama (n = 42) Olgillen ModelA Model B Model C
Ortalama (N mm-1) 2.07 2.16 1.98 2.14
Standart sapma () (N mm-1) | 0.88 0.71 0.69 0.72
Minimum (N mm-1) 0.93 1.11 0.73 1.02
Maksimum (N mm-1) 4.02 3.63 3.35 3.55
Ortanca (N mm1) 3.09 2.52 2.62 2.54

Domates KS'nin performansini 6l¢mek icin; KS modeliyle hesaplanan degerler ile 6l¢iilen sonuglarin
RMSE, MAE, MAPE ve R? degerleri hesaplanmis ve elde edilen sonuglar kalibrasyon ve dogrulama veri
gruplari i¢in Cizelge 6’da verilmistir.

Cizelge 6. Domates Kabuk Sertligi (KS) Tahmini i¢cin Kullanilan Model Yaklasimlarin Olgiilen ve Tahmin
Edilen Degerlerine iliskin Performans Parametre Sonuglari

Kalibrasyon RMSE MAE MAPE R?
Model A 3.09 1.54 26.65 0.857
Model B 2.03 0.17 13.30 0.881
Model C 2.10 0.06 13.53 0.861
Dogrulama RMSE MAE MAPE R2
Model A 0.213 0.04 6.43 0.8999
Model B 0.244 0.04 6.040 0.8578
Model C 0.219 0.03 6.544 0.8792

96



Ay, Vursavus, Tarim Makinalar1 Bilimi Dergisi/Journal of Agricultural Machinery Science (2022) 18(2): 84-104

Kalibrasyon veri gruplari icin performans parametreleri acisindan en iyi tahmin sonucu Model B'de
gerceklesmistir. Ancak, Model B de kullanilan hasarsiz carpma parametresi sayisinin ¢oklugu sayisal ve
mantiksal islemlerin uygulamalarinda karmasikliklara neden olabilmektedir. Bu nedenle, hem ¢carpma
parametre sayisi azliglt hem de Model B’ye daha yakin tahmin sonuglarinin elde edilmesi nedeniyle
kalibrasyon veri gruplar kullanilarak yapilan KS tahmininde Model C'nin kullanilmasinin daha dogru
bir yaklasim olacagi sonucuna varilmistir.

Dogrulama veri gruplarinda ise, Model A’da R2 belirtme katsayisinin diger iki modelden daha yiiksek
cikmasi, RMSE degerinin diisiik ve MAE ve MAPE degerlerinin de hem diisiik ¢ikmasi hem de birbirine
cok yakin degerlerde olmasi nedeniyle Model A'nin domates KS tahmininde kullanilmasinin daha dogru
bir yaklasim olacagi sonucuna varilmistir.

Sekil 5’te kalibrasyon ve dogrulama veri gruplari icin Model A, Model B ve Model C de 6l¢iilen ve
tahmin edilen KS degerleri arasindaki iliski ve R% belirtme katsayilari ile esitlikleri verilmistir.
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Sekil 5. Kalibrasyon ve dogrulama veri gruplari icin Model A, Model B ve Model C de 6l¢tilen ve tahmin
edilen KS degerleri arasindaki iligki

Domates KS i¢in gelistirilmis olan model yaklasimlara iliskin sonuclara bakildiginda, carpma testleri
kullanilarak KS tahmininin giivenilir sonuglar verdigini géstermektedir. Bu nedenle, domates 6rnekleri
sadece KS dikkate alinarak ti¢ farkli sertlik grubuna ayrilmistir. Denemelerde kullanilan farkh olgunluk
diizeyindeki 134 adet domates drneginin sertlik gruplandirilmasinda “Kiimeleme analizi” yontemi
kullanilmistir. Kiimeleme analizine gore sert, orta sert ve yumusak olmak tizere li¢ sertlik grubuna
ayrilan domates 6rneklerinde 54 adet domates 6rnegi 2.99 £0.58 N mm-! ortalama deger ile sert grupta,
52 adet domates 6rnegi 1.83+0.20 N mm-! ortalama ile orta sert grupta ve 28 adet domates 6rnegi de
1.15£0.15 N mm-! ortalama deger ile yumusak siniflandirma grubunda yer almistir. Kiimeleme analizine
gore olusan domates kabuk sertligi (KS) sinif araliklar1 yumusak domates 6rnekleri igin KS<1.40 N mm-
1, orta sert domates i¢in 1.40<KS<2.23 N mm-! ve sert domates meyve ornekleri icinde KS 22.23 N mm-1
olarak hesaplanmistir.

Belirlenmis olan domates kabuk sertlik gruplar1 dikkate alinarak 6rneklerin sertlik tahmininde
kullanilan Model A, Model B ve Model C i¢in kalibrasyon ve dogrulama veri gruplarina ait siniflandirma
basarisi da hesaplanmis ve bunlara iliskin sonuglar Cizelge 7’de verilmistir. Kalibrasyon veri gruplari
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icin Model A’da gercek dogruluk 77 ve basar yiizdesi de %83.70 olarak gerceklesmistir. Ornegin Model
A icin 39 adet olciilen sert meyvenin 35’i ayni grupta siniflandirilmis ve 4 adet domates de orta sert
grubunda siniflandirilmistir. Orta sert meyve grubunda 36 adet 6l¢iilen meyvenin 9'u sert gruba 27
adedi de orta sert gruba siiflandirilmistir. Bu durum 17 adet 6lgiilen yumusak sert grubu i¢in orta sert
gruba 2 adet ve yumusak gruba 15 adet siniflandirma olarak gerceklesmistir. Boylece gercek dogruluk
35+27+15=77 olarak gerceklesmistir. Model A i¢in verilen 6rneklemede basari orani (35+27+15)/92=
%383.70 olarak hesaplanmistir. Yani 100 adet domates meyvesinin yaklasik olarak 84 adedi kendi sertlik
grubunda yer almistir. Kalibrasyon veri grubunda Model B i¢in gercek dogruluk 74 ve siniflandirma
basar1 ytizdesi de %80.43 olarak hesaplanmistir. Bu durum Model C i¢in 77 gercek dogruluk ve %83.70
siniflandirma basarisi olarak gerceklesmistir. Model A ve Model C'nin gergek dogruluk ve siniflandirma
basar ylizdesi benzer sonuclar vermistir. Siniflandirma basari ylizdesi Model A ile benzer ¢ikmasina
karsin Model C'nin gelistirilmesinde kullanilan bagimsiz degisken parametre sayisinin azligl gercek
zamanl ol¢limlerde islemlerin daha hizli yapilmasina kolaylik saglayacagindan Model C daha uygun bir
yaklasim olarak secilmistir.

Cizelge 7. Domates kabuk sertligi (KS) gruplarina gore 6rneklerinin sertlik tahmininde kullanilan
kalibrasyon ve dogrulama modellerine ait siniflandirma basarisi

Kalibrasyon So 0So Yo Gergek  Bagari Orani
(n=92) n=239 n=236 n=17 Dogruluk (%)
Se 35 4 0
Model A OSE 9 27 0 77 83.70
Ye 0 2 15
Sk 29 10 0
Model B OSE 0 29 7 74 80.43
Ye 0 1 16
Sk 35 4 0
Model C OSE 6 29 1 77 83.70
Y 0 4 13
Dogrulama So 0So Yo Gercek  Basari Orani
(n=42) n=15 n=16 n=11 Dogruluk (%)
Se 14 1 0 35 83.33
Model A OSe 2 14 0
Ye 0 4 7
Sk 12 3 0 35 83.33
Model B OSE 1 15 0
Ye 0 3 8
Se 13 2 0 33 78.57
Model C OSE 3 13 0
YE 0 4 7

Y= Yumusak (KS<1.40 N mm-1), OS= Orta sert (1.40<KS<2.23 N mm-) ve S= Sert (KS 22.23 N mm-1) sertlik grubunu ve
Sk, OSk ve Yg= Tahmin edilen domates sertliklerini; So, 0So ve Yo= Olgiilen sertlik biiytikliiklerini ifade etmektedir.

Dogrulama veri grubunda Model A ve Model B’de gercek dogruluk ve siniflandirma basari ylizdesi

benzer sonuclar vermis ve Model C’den daha yiiksek bulunmustur. Model A’da kullanilan hasarsiz
carpma parametre sayisinin Model B’den daha az olmasi ve 6nceden de ifade edildigi gibi gercek zamanlh
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olciimler sirasinda olusabilecek karmasay1 6nleme acisindan Model A'nin kullanilmasinin daha dogru
bir yaklasim olacagi sonucuna varilmistir.

Cizelge 7’de verilmis olan siniflandirma basari oranlari kalibrasyon ve dogrulama veri gruplari i¢in
%75’ten yiiksek ¢ikmistir. Gutierrez ve ark. (2007) ve Lien ve ark. (2009) dogru siniflandirma
hassasiyetinin %75’in ilizerinde olmasi gerektigini ifade etmislerdir. Elde edilen siniflandirma basari
yluzdeleri i¢ model icin de hem kalibrasyon hem de dogrulama veri gruplarinda %75’ten yiiksek
cikmistir. En yiiksek siniflandirma basarisi kalibrasyon veri grubu icin %83.70 ile Model A ve Model C'de,
dogrulama veri grubu icin de %83.33 ile Model A ve Model B’de ger¢eklesmistir. Gutierrez ve ark. (2007)
seftali, Lien ve Ting (2009) domates ve Lien ve Ting (2013) guava meyveleri i¢in siniflandirma basari
ylizdelerini sirasiyla %81, %82.3 ve %84.21 olarak hesaplamislardir. Benzer siniflandirma basarisina
arastirmamiz sonucunda da ulasimistir. Elde edilen sonuglar domates kabuk sertligi tahmini i¢in
gelistirilen model yaklasimlarin farkhi sertlik gruplarindaki domates orneklerinin sertligine gore
siniflandirmada kullanilabilecegini gdstermistir.

4. SONUC

Coklu dogrusal regresyon analiz yontemi kullanilarak yapilan domates kabuk sertligi (KS) tahmini
model esitliklerinde tic model yaklasimi kullanilmistir. Bunlardan ilkinde (Model A), ana ¢arpma
parametreleri bagimsiz degisken olarak secilmistir. Ikinci model yaklasimda (Model B), yapilan Pearson
korelasyon testi sonuglarina gore KS ile istatistiksel olarak iligkili bulunan tiim ¢arpma parametreleri
bagimsiz degisken olarak tahmin modeli gelistirmede kullanilmistir. Ugiincii model yaklasimda (Model
C) ise stepwise regresyon analizi sonuclarina gore istatistiksel olarak 6nemli bulunan hasarsiz ¢carpma
parametreleri bagimsiz degisken olarak tahmin modeli gelistirmede kullanilmistir.

Domates kabuk sertligi (KS) tahmin modellerinden olan Model A’da Fp1, Fp2, tc1, tcz, tp1, tp2 ana
carpma parametreleri kullanilmistir. Model B icin Pearson korelasyon testi sonucunda istatistiksel
anlamda 6nemli ¢ikan A1, A2, Fpz, te1, tez, tey, tez, tei-2, Cp,12, Cc,12, RFp, AFp, R1c, Cpw,12 carpma parametreleri
secilmistir. Model C icin ise; stepwise regresyon analizi sonucunda secilen Fpz ve Az hasarsiz carpma
parametreleri KS tahmininde kullanilmistir. Yapilan istatistiksel degerlendirmeler sonucunda domates
KS ile Model A'daki parametreler kullanilarak gelistirilen tahmin modelinin iyilik derecesi (R?) 0.857,
Model B’de R2 0.881 ve Model C icin de R? 0.861 olarak hesaplanmistir.

Yapilan istatistiksel degerlendirmeler sonucunda kalibrasyon veri gruplari i¢in performans
parametreleri acisindan en iyi tahmin sonucu Model B’de gerceklesmistir. Ancak, Model B’de kullanilan
hasarsiz ¢arpma parametresi sayisinin ¢oklugu sayisal ve mantiksal islemlerin uygulamalarinda
karmasikliklara neden olabilmektedir. Hem ¢carpma parametre sayisi azligli hem de Model B’ye daha
yakin tahmin sonuclarinin elde edilmesi nedeniyle kalibrasyon veri gruplar kullanilarak yapilan KS
tahmininde Model C'nin kullanilmasinin daha dogru bir yaklasim olacagi sonucuna varimistir.
Dogrulama veri gruplarinda ise, Model A’da R? belirtme katsayisinin diger iki modelden daha ytliksek
cikmasi, RMSE degerinin diisiik ve MAE ve MAPE degerlerinin de hem diisiik ¢ikmasi hem de birbirine
cok yakin degerlerde olmasi nedeniyle Model A'nin domates KS tahmininde kullanilmasinin daha dogru
bir yaklasim olacagi sonucuna varilmistir.

Belirlenmis olan domates kabuk sertlik gruplar dikkate alinarak orneklerin sertlik tahmininde
kullanilan Model A, Model B ve Model C i¢in kalibrasyon ve dogrulama veri gruplarina ait siniflandirma
basarisi da hesaplanmistir. Kalibrasyon veri gruplari icin Model A’da gergek dogruluk 77 ve basari
yuzdesi de %83.70 olarak gerceklesmistir. Kalibrasyon veri grubunda Model B i¢in gercek dogruluk 74
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ve siniflandirma basar yiizdesi de %80.43 olarak hesaplanmistir. Bu durum Model C icin 77 gergek
dogruluk ve %83.70 siniflandirma basarisi olarak gerceklesmistir. Model A ve Model C'nin gergek
dogruluk ve siniflandirma basari ylizdesi benzer sonuglar vermistir. Dogrulama veri grubunda Model A
ve Model B de gercek dogruluk ve siniflandirma basari yiizdesi benzer sonuglar vermis ve Model C'den
daha ytiksek bulunmustur.

Statik kosullarda laboratuvar ortaminda yiirttilerek gerceklestirilen hasarsiz sertlik 6lglim
denemeleri sonuglar;, domates meyvesinin kabuk sertligi (KS) tahmininin hasarsiz carpma teknigi
kullanilarak yapilabilecegini gostermistir. Diistik yiikseklikten hasarsiz ¢arpma teknigiyle yapilacak
domates kabuk sertligi tahmini, yas meyve-sebze siniflandirma hatlarinda yapilacak tasarimsal
degisiklikler ve iyilestirmelerle gercek zamanli olarak kullanilabilir bir ydntem olabilmektedir. Dinamik
kosullarda yapilacak bu él¢iimler icin de ek ¢calismalara gereksinim duyulmaktadir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Classification of fresh fruits and vegetables according to post-harvest maturity is beneficial in terms
of showing the optimum time for the market before distribution and optimization during storage. Fruit
and vegetable ripeness is a qualitative measure that is difficult to define. The firmness of a fruit is an
index of its mechanical, chemical and rheological properties. Fruit firmness is inversely proportional to
maturity and therefore, it can be used as an alternative maturity index in fresh fruit and vegetable
classifications. Although color is a maturity parameter in tomato fruit, firmness is one of the main factors
contributing to tomato fruit quality.

Researchers have now tried to use different techniques for nondestructive firmness sensing of fruits
and vegetables. With automatic product classification techniques, which are performed without damage
and can be transferred to the application, product evaluations can be made quickly, without damage, in
a less costly and effective way. In addition, measurements can be performed homogeneously on the
entire product. Acoustic, vibration, near infrared (NIR), micro-deformation and impact techniques can
be given as examples of systems that can be used in practice.

The firmness of a fruit can be explained by the mechanical, chemical and rheological properties of
that fruit. Fruit firmness is inversely proportional to maturity and therefore it can be used as an
alternative maturity index in fresh fruit and vegetable classification. Although color is a maturity
parameter in tomato fruit, firmness is one of the main factors contributing to tomato fruit quality.
Consumers can perceive tomato quality by firmness, color and taste.

The texture of tomatoes (flesh firmness and skin resistance) changes during storage, distribution
and maturity, and this can be a major problem as it can increase the sensitivity of tomatoes to mechanical
damage. The degree of fruit firmness has been used as an indicator of fruit quality, and therefore,
firmness can be the final index on which consumers make the purchasing decision for tomatoes, peaches,
nectarines, pears, kiwis and similar fruits. Tomatoes continue to mature after harvest and can ripen very
quickly. This can lead to quality losses and limit the shelf life of tomatoes. Many researchers have used
USDA color classification criteria to determine maturity at the tomato harvest.

Tomatoes include the stages of color maturation specified in the USDA color catalogue, which are
the green stage (the skin is completely green, but can mature physiologically), the color breakout period
(the skin is predominantly green, but pinkish and reddish spots begin to appear), the color
transformation period (the skin is partially yellowish and pinkish). but mainly green), pink death (green
color completely lost and light pink or reddish color predominant), light red bloom (pinkness
disappeared but dark red color could not be reached), red formation (completely red) stages.

If tomatoes are to be transported over long distances, they are usually harvested when they are in
the color change period. Tomatoes that will be delivered to close distances are harvested during the pink
or light red ripening periods. In both stages, it is desired that the tomatoes should not be below a certain
firmness limit value. Tomato color and color change are mostly determined using instrumental methods.
Colorimeters (Minolta Chroma and HunterLab) are an effective way to determine color index. Although
many studies have reported a positive relationship between maturity stage and color development in
tomatoes, this relationship is not fully understood. Color charts and scales have been developed
commercially to determine the maturity stages of tomatoes, except for the method of determining the
color maturation stages specified in the USDA color catalog. However, it is still not possible to accurately
determine the maturity stages of tomatoes with these methods. In addition, the lack of color uniformity
on the tomato surface may reduce the reliability of colorimetric tests.
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There is no specific standard for the firmness classification of tomatoes. In tomato firmness
classifications made by researchers, color maturity criteria are taken into account and firmness
classifications are made accordingly. For this reason, automation-based, real-time classification
applications are needed in order to be able to classify by reducing human errors and minimizing the time
requirement. Although there are modules that allow the electronic classification of tomatoes according
to color characteristics, a firmness module that can be used for real-time firmness classification is not
used in electronic classification lines in our country. Although companies such as Aweta, Greefa, Maf-
Roda and Sinclair produce electronic classification lines with firmness modulus, they could not be sold
in our country due to their high cost. In addition, the limited use of fruits such as tomatoes, peaches,
nectarines, pears and kiwis has also limited the packaging houses' orientation to such a costly
investment, even though they need it.

Methodology

In this study, it was aimed to estimate tomato firmness by using the Bandita F1 greenhouse tomato
variety, which is widely produced in our region, with the nondestructive impact technique. In the
experiments, first of all, nondestructive main impact parameters of tomato samples with six different
ripening stages were measured and other developed impact parameters were derived from the main
parameters. The measured and derived impact parameters were analyzed with the Pearson Correlation
Matrix method and the parameters that were associated with tomato rupture force and tomato skin
firmness which were defined as reference measurement parameters at the 1% and 5% level, were used
to develop a tomato firmness estimation model. Tomato firmness estimation models developed using
Multiple Linear Regression Analysis Method were divided into two groups to represent each maturity
stage. 70% of the tomato firmness data were used for calibration and 30% for estimation (validation)
purposes. All statistical evaluations were carried out using the SPSS 20.0 package program. In the tomato
firmness estimation models developed for tomato skin firmness, the root mean square error (RMSE),
mean absolute error (MAE) and mean absolute percent error (MAPE) were used in the performance
evaluations of the model equations for both calibration and validation datasets.

Results and Conclusions

In the estimation models (Model A, Model B and Model C) developed by associating tomato skin
rupture force and skin firmness with nondestructive impact parameters used as reference measurement
parameters, the best firmness estimation model was achieved with tomato skin firmness. In the Model
equation (Model A) developed using parameters, the coefficients of determination (R2) for the
calibration and validation datasets were determined as 0.881 and 0.899, respectively.

Taking into account the determined tomato skin firmness groups, the classification success of the
calibration and validation datasets for Model A, Model B and Model C used in the firmness estimation of
the samples was also calculated. Actual accuracy and classification success rate of Model A and Model C
yielded similar results (83.70%). Although the classification success rate for the calibration datasets was
similar to Model A, Model C was chosen as a more appropriate approach since the small number of
independent variable parameters used in the development of Model C would facilitate faster processing
in real-time measurements. In the validation datasets, the true accuracy and classification success
percentage in Model A and Model B gave similar results (83.33%) and was higher than Model C. It has
been concluded that the use of Model A would be a more accurate approach in terms of the fact that the
number of nondestructive impact parameters used in Model A is less than that of Model B and, as stated
before, in terms of preventing confusion that may occur during real-time measurements.
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Post harvest quality evaluation processes are very critical operations and play an important role in determining
the product's acceptability and marketability. Computer vision and image processing technologies have been
applied widely in food industries in order to evaluate the quality of agricultural products such as; sorting,
grading, and classification processes due to the performance, low cost, and effectiveness of the technologies. In
this article, we aim to review the application of computer vision and image processing technologies in evaluating
the quality of agricultural products such as fruits, vegetables, and nut products with more attention to hazelnuts.
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Hasat sonrasi kalite degerlendirme siiregleri ¢ok o6nemli islemler olup, triiniin kabul edilebilirligi ve
pazarlanabilirliginin belirlenmesinde dnemli rol oynamaktadir. Bilgisayarla gérme ve goriintii isleme teknolojisi,
ayirma, derecelendirme ve siniflandirma islemleri gibi tarimsal triinlerin kalitesini degerlendirmek igin
teknolojik performansi, diisiikk maliyeti ve etkin olmasi nedeniyle gida endiistrilerinde yaygin bir sekilde
uygulanmaktadir. Bu makalede, tarimsal iirtinlerin kalitesinin degerlendirilmesinde bilgisayar gérme ve goriintii
isleme uygulamalari kullanilarak; findik iiriiniine daha fazla deginilerek, meyve, sebze ve kuruyemis tiriinlerinin
kalitesinin degerlendirilmesi yapilmistir.
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1. INTRODUCTION

A computer vision system is a technology that was created by combining a camera and a computer.
Sandoval et al. (2018) characterized computer vision systems as states that encompass the capture,
processing, and analysis of two-dimensional pictures. Machine vision systems (MVS) and computer
vision systems (CVS) attempt to mimic human vision in order to obtain information from an object
without requiring physical involvement (Timmermans, 1998). Image processing techniques are used by
computers and machine vision to interpret the image or object being inspected. In general, image
processing algorithms take a picture as an input and generate a transformed image as an output. Filters,
smoothing, sharpening, and even grayscale conversion can be applied to images. Image processing is
used by both computer vision and machine vision to analyze images, but interpretation is used to reach
to a decision or logical conclusion as a result. This choice or logical conclusion in machine vision is
frequently followed by an autonomous action in industry (Anand and Priya, 2019). The main issue in
machine vision systems is to create a machine human-like vision skills. These systems, like the human
brain, should be trained not only to process images but also to analyze and interpret them. In
comparison, image processing is mainly about the use and application of mathematical functions and
transformations of images. In computer vision, both the quantitative and qualitative information from
visual data are important. Similar to human vision, it is about distinguishing between objects, classifying
them, sorting them according to their size, color, texture, and so on (Pinto et al., 2008). Image processing
methods are used to accomplish computer vision tasks. Beyond a single image, information in computer
vision can be extracted from static images or moving images such as video clips (Naik and Patel, 2017).
Machine learning and artificial intelligence methods are widely used to understand and use images for
inspection purposes. These techniques aim to mimic the unique nature of human thought.

1.1. Computer Vision System for Inspection

An image sensor, a frame grabber, and a computer with appropriate software and algorithms form
a conventional image processing system. The analog signal from the sensor is digitized into a series of
integers and saved in the computer as an image. The object is then displayed using various image
processing algorithms that extract a pattern from the image. The extracted pattern is classified by
classification algorithms, which in turn can generate a signal to animate a trigger that directs the object
to the desired route. Figure 1 shows a block diagram of the software and hardware components of a
typical inspection (classification) vision system.
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Figure 1. A schematic representation for classification process by machine vision system

In the food industry, where machine vision technology has been widely used over the past two
decades as a means to automatically determine and manage food quality, computer vision technology is
becoming increasingly important. Since most food products have a heterogeneous matrix, visual
characteristics such as color, texture, shape, and size can vary significantly even within the same product
category. Machine vision technology can effectively replace visual inspection systems in various
applications such as harvesting, quality control, sorting and classification, portioning, and label
inspection. It also enables more objective and standardised evaluation of food quality parameters over
a large number of samples (Anand and Priya, 2019).

Machine vision systems are excellent tools for automated inspection of fruits and vegetables. In
automated inspection, vision systems are typically used to sort, classify, and estimate quality based on
external metrics or internal product qualities. The powerful and broad application of the technology
stems from the fact that machine vision systems provide a considerable amount of information about
the nature and characteristics of objects present in a scene. Furthermore, machine vision systems have
the potential to objectively analyze long-term processes or events that occur outside the visible range,
which is beyond the human capabilities (Zude, 2008). Due to the biological nature of agricultural
products, automated inspection can detect defects that may not be found in other areas. Agricultural
products often have similar colors, shapes, sizes, and other external characteristics, while fruits and
vegetables can have a wide range of characteristics. The morphological characteristics of fruits and
vegetables, such as color and texture, change after harvest and these features depend on their maturity
and storage method. All these limitations confirm that there is a great challenge in the machine vision
application in agricultural product quality inspection and evaluation. Fruits and vegetables, external
characteristics, appearance and defects are factors that influence consumer preferences; therefore,
these characteristics play an important role in the quality evaluation of fruits and vegetables (Ma et al,,
2016). Because the technology is non-invasive and non-destructive, it is widely used for the inspection
and classification of fruits and vegetables. Various studies have been conducted over the past decade
and encouraging results have been obtained.
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1.2. Computer Vision Technology in Detecting Fruit Quality

Appearance of fruit products is very important quality control factor and always determines the
acceptability of the product by the consumers. Xiao-bo et al., (2010) developed an in-line detection
system in order to detect apple defects using three cameras system. Each camera was capturing three
images from each apple. The multithreshold approach was used to segment the apple from the images.
In each image, Regions of interest (ROIs) were segmented and counted, including the stem ends and
calyxes. This provided a good and clear distinction between normal and defective apples. The
classification error of unwarranted acceptance of defective apples decreased from 21.8% for a single
camera to 4.2% for the three-camera system. The divided region was used to extract statistical, textural,
and geometric data for the study. Statistical and syntactic classifiers were utilized and trained to
categorize the fruits into two or more categories based on these characteristics. The results showed that
feature selection performed better by retaining only the most discriminative features, and that statistical
classifiers outperformed their syntactic counterparts, achieving good recognition rates (93.5% overall
accuracy) in the results (Unay et al.,, 2011). Another evaluation of bicolored apples was performed by
Kang & Sabarez (2009). Here, a new simple segmentation algorithm was applied to analyze dried apple
slices, which is also appropriate for measuring multiple objects. Since consumers are more likely to look
for skin defects when selecting fruits, especially oranges, a multivariate image analysis approach was
combined with a computer vision system to detect orange skin defects. A success coefficient of 100%
was obtained when evaluating oranges with lesions at the stem end (Blasco et al., 2007a). Blasco et al.
(2007a) proposed a region-based segmentation algorithm to detect the most common citrus peel
defects. The proposed algorithm was tested on photos of many varieties of oranges and mandarines that
highlighted flaws without the requirement for additional training between batches or even types of
citrus fruits. For defect detection, the algorithm could achieve a high accuracy rate of 95%. Since
mangoes are so popular in many parts of the world due to their colorful, unique taste, and nutritional
content, several studies have been conducted using computer vision and image processing to assess the
product's quality. (Zheng and Lu, 2012). Their research developed a LS-SVM classifier to detect the
degree of browning of mango fruit. The best categorization accuracy of the degree of browning was up
to 99% according to the findings. A computer vision system was utilized to observe the ripening of
mangoes and evaluate their quality (Kang et al., 2008). The method also allowed for a quantitative
analysis of the product's color properties. Enzymatic browning in pear slices, bananas, and avocados
was also detected using vision systems (Quevedo et al. 2009; Quevedo et al. 2011).

1.3. Computer Vision Technology in Detecting Quality of Vegetables

The classification of vegetables before use is a very important process that has a significant impact
on quality. Potatoes, for example, are simple to grade due to their various sizes, shapes, and regularities.
Using computer vision and image processing technology different works have been performed in order
to classify potatoes into various grates. An automated computer vision system has been used by
(EIMasry et al., 2012) in order to sort potatoes into multible grates. In the study, a special algorithm was
developed and programmed for image acquisition and processing, controlling the entire process and
monitoring the progress of all operations. For each image in the database, eight shape parameters were
derived from the size features, as well as the Fourier transform. All of the shape parameters were used
in a stepwise linear discriminant analysis to obtain the most relevant and discriminative factors that
best described potato regularity. In-line classification of moving potatoes was shown to be 96.2 percent

108



Gadalla, Oztekin, Baitu, Tarim Makinalar1 Bilimi Dergisi/Journal of Agricultural Machinery Science (2022) 18(2): 105-113

successful in the testing. At the same time, the well-shaped potatoes were identified by size with 100%
accuracy, demonstrating that the created machine vision system has a lot of potential for autonomous
identification and sorting of deformed products. A real-time computer vision system was also employed
to defect detection and size sorting, with a color-based classifier that had a classification accuracy of
95%(Razmjooy et al., 2012). To detect surface defects in tomatoes, a deep learning-based computer
vision system was deployed. The dataset was substantially skewed towards the healthy class. Using
feature extraction and fine-tuning, deep residual neural network classifiers were trained to detect
external defects. On the test set, this model had an overall accuracy of 94.6%, where The optimal
classifier has an 86.6 % recall while securing a 91.7 % precision (Da Costa et al.,, 2020).

1.4. Computer Vision Technology in Detecting Quality of Nut Products

Computer vision technology has been widely used to detect defects in nut products and has shown
successful results in numerous studies. A computer vision system based on pattern recognition was used
to discriminate wormy chestnuts (Figure 1). A classification accuracy of 100% was achieved for both
normal and wormy chestnuts (Wang et al., 2011).

Figure 1. Chestnut sorting test platform based on machine vision

Mathanker et al. (2011) used AdaBoost and Support Vector Machine, traditional machine learning
classifiers, to improve classification accuracy for pecans. Good and defective pecan samples were taken
as X-ray images, segmented, and features extracted. Average classification accuracy values of 92.3% and
90.1% were achieved using AdaBoost and Support Vector Machine, respectively. In addition, color,
texture and geometric features were evaluated using computer vision images to study chestnut grading
and an overall accuracy of 89.6% was achieved. (Donis et al., 2013). Table 1 summarizes the technology's
application in evaluating the quality of nut products, taking into account the items evaluated, the type of
application, and the technology.
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Table 1. Application of machine vision system in agro-product quality inspection

Products Application Technology used References
Defected, ted, and forei . . .
Almond electe roas. ed, an _ .ore.lgn RGB Digital camera (Delila and Turajlic, 2017)
material classification
Almond Pinholes detection X-Ray imaging (Kim and Schatzki, 2001)

Sorting different types of X-Rayimage histogram

P 1,2001
defects features (Pearson et al., 2001)

Pistachio

Chestnuts Insect infestation NIR spectral tec. (Moscetti et al., 2014)

In general, few studies have been conducted on hazelnuts in this area compared to other crops. One
of the studies that have been conducted was the identification of hazelnut defects using RGB image
analysis and color gram techniques (Giraudo et al., 2018). They developed a color-gram based system
for the detection of defective hazelnuts. The half-cut RGB hazelnut images were taken with a digital
camera after being classified by industry experts into three reference categories; healthy, rotten, and
infested by pests. The colorgrams were obtained by converting RGB images, and then Partial Least
Squire Discriminant Analysis (PLS-DA) was developed and used as a classification model. To better
distinguish the previously defined classes, the Interval Partial Least Square Discriminant Analysis
algorithm (iPLS- DA) of Norgaard et al. (2000) was applied to select the most informative regions of the
color signals. The whole defective hazelnuts were detected by Kivrak and Gilirbiiz (2019) using image
processing and machine learning techniques. The goal of the work was to distinguish intact hazelnuts
from damaged or defective ones. Images of hazelnut samples were captured using a cell phone and
processed using image labelling techniques. Satisfactory results were obtained using the supervised
learning method. Furthermore, a computer vision system was used to classify the partly skin removed
hazelnut kernel, skin removed and rotten hazelnuts kernels. The processed hazelnut kernels are
classified with a classification accuracy rate of 93.57 % (Guvenc et al., 2015). Solak and Altinisik, (2018)
classified and detected hazelnuts using image processing and clustering techniques. The size and area
features were extracted from hazelnut images and hazelnuts were divided into three classes. The use of
mean-based classification and K-means clustering algorithms yielded 100 detection and classification
accuracy. For classifying shelled hazelnuts according to type and commercial definitions, an accuracy
rate of 84 % was reached. Image processing and machine learning techniques were also used to
determine hazelnut kernel quality using size and shape characteristics. Hazelnut cultivars were
classified also by Caner et al, (2020) using Gradient Boosting and Random Forest classifiers.
Classification accuracy of 94% and 100% was achieved by Gradient Boosting and Random Forest,
respectively. Recently, a study proposed to identify hazelnut varieties using computer vision-deep
learning technic that was developed by Taner etal. (2021). In this study, a Convolutional Neural Network
classifier was suggested to classify 17 commonly planted hazelnut cultivars in Turkey. The results
showed that the proposed model can accurately classify the varieties with a 98.63 % overall accuracy.
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2. CONCLUSION

In this work, a comprehensive literature review was conducted on the application of computer vision
and image processing techniques in evaluating the quality of agricultural products. In this paper, the
application of computer vision and image processing techniques in evaluating the quality of fruits,
vegetables and nut products is presented. Successful results have already been obtained and applied in
wide areas of the food industry to increase the marketability and acceptance of these products. However,
we have found that much research is still needed in the quality control of hazelnuts using the same
technology to facilitate the processing of hazelnuts in the food industry, improve the quality of hazelnuts,
and increase the national and international marketability of nuts.
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Recently, an increase in electrification has been observed in the automotive sector.. Original Equipment
Manufacturers (OEMs) state that they will cease production of internal combustion engine technology. In
particular, with the rapid change in technology from internal combustion engine powertrain systems to electric
powertrain systems, they also ended their investments and R&D studies in this field.Hybrid, battery and fuel cell
electric vehicles are main alternative solutions for the powertrain systems.

Tractors are considered as off-road vehicles and need special auxiliary systems suitable for field use. Electrical
systems have been used for a while in these auxiliary systems (PTO, hydraulics, pumps, fans, air conditioning
system and etc.). On the other hand, the electrification of the drive system and power transmission mechanisms
in tractors is still in its infancy. The main reason for this is the working conditions of tractors used for agricultural
purposes.

Sustainable agricultural activities can only be possible with the right approaches. In this context, tractors are the
fundamental equipment that affects the yield and quality of the agricultural products and has a very important
contribution to the use of work and time.

In this study, a literature review was made on electric tractors. For the conditions of use, an approach was taken
from the perspective of a case study and a cost-benefit analysis of its usability was carried out by comparisons
with commonly used diesel tractors. Finally, in line with the data obtained, evaluations on the use and spread of
electric tractors in Tiirkiye were presented.
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Otomotiv enddistrisinde i¢ten yanmali motorlu tahrik sistemlerinden, elektrik motorlu tahrik sistemlere dogru
genel bir eksen kaymasi soz konusudur. Bu dogrultuda hibrit, tamamen elektrikli ve yakit hiicreli sistem
¢oziimleri kullanilan alternatifler arasinda yer almaktadir. Traktérler gibi arazi kullanimina uygun tasitlarda ise,
yardimci sistemlerde (hidrolikler, pompalar, fanlar ve klima sistemi vb.) elektrikli ¢oziimler kullanimda
olmasina ragmen, tahrik sisteminde ve gii¢ aktarim mekanizmalarinda elektrifikasyonun heniiz baslangig¢
asamasinda oldugu goriilmektedir. Bunda tarimsal amagh kullanilan traktorler ile otomobillerin arasinda
¢alisma kosullari agisindan yer alan farkliliklarin etkisi ¢ok biiyiiktiir.

Siirdiiriilebilir tarimsal faaliyetler, ancak bu alanda kullanilan dogru yaklasimlarla miimkiin kilinabilir. Bu
kapsamda tarimsal alanda iiriin verimine, kalitesine etkiyen; is ve zaman kullaniminda ¢ok 6nemli katkis1 olan
temel ekipman traktorlerdir. Tarimsal uygulamalarda kullanilan traktérlerin yiiksek yas ortalamasina sahip
olmasi verimlilik agisindan ¢ok énemli bir dezavantaji beraberinde getirmektedir. Ekonomik 6mriinii fazlasiyla
doldurmus traktorlerle yiiriitiilen tarimsal faaliyetlerde yakit ve yag tiiketimlerinin yansira bakim & onarim
maliyetlerinde de biiyiik oranda artmaktadir. Bu durum tarimsal kalkinma kapsaminda saglanan desteklerin de
etkin kullanimina engel teskil etmektedir.

Bu c¢alismada elektrikli traktérler hakkinda literatiir taramasi yapilmis, kullanim kosullari igin érnek bir vaka
¢alismas1 Uzerinden sunulan yaklasim dogrultusunda kullanilabilirligi degerlendirilmis ve maliyet-fayda
analizleri yaygin olarak kullanilan dizel traktorler ile karsilastirilarak yapilmistir. Son olarak elde edilen veriler
dogrultusunda Tirkiye'de elektrikli traktorlerin kullanimi ve yayginlasmasina iliskin degerlendirmeler
sunulmustur.
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1. INTRODUCTION

According to 2019 data, there are approximately 2 Million tractors in Tiirkiye (Anonymous, 2020a).
In this context, the number of double axel tractors with 25 Hp and 25 Hp + (more than 25 Hp) used in
agricultural applications which are 1.248.011 units and their average age is 25,3.

In the present case, the high average age of the tractors used in agricultural applications brings with
it a very important disadvantage in terms of productivity. Meanwhile, high amounts of fuel and oil
consumption occur in agricultural activities carried out with tractors that have already reached their
economic useful life. In addition, there is a significant increase in maintenance & repairmen costs.
Therefore, aging prevents the effective use of state subsidies and supports provided within the scope of
agricultural development. Moreover, with reference to the relevant data, the average age is 40+ among
approximately 650.000 tractors that are actively used in agricultural activities in Tiirkiye (Anonymous,
2020 a; Anonymous,2020 b).

The useful life of tractors used for agricultural purposes is between 10.000 to 12.000 hours
according to international standards. In Tirkiye, there are previous studies carried out for tractors.
According to this framework, references takes from the records of the authorized tractor services; the
average annual usage period for -19.396 tractor samples in total - was indicated as 443 hours. It is
foreseen approximately from 20 to 24-year lifetime for the tractors used for agricultural activities in
Tiirkiye (Evcim and Ozgiinaltay Ertugrul, 2017). In the light of the forecasts and available data, it can be
said that a very important part of the tractors (more than 50%) used for agricultural purposes in Tiirkiye
have completed their economic usable life.

Although, they completed their economic life, agricultural tractors cause losses in many ways. Some
researches carried out in this context, tractors that have completed their economic life, cause an increase
in fuel consumption of 700 liters per year and a loss of 150 hours of work because of malfunctions. Also,
exhaust emission measurements were made with tractors of 56 different brands and models which were
age of 25 + and1,816 kg CO:ze for 250 hours/year operating time (Evcim and Ulusoy, 2006).

According to Turkish Association of Agricultural Machinery Manufacturers (TARMAKBIR) data, the
total number of tractors produced by years in Tiirkiye by Basak, Erkunt, Hattat, Tiimosan and
Turktraktor is given in Figure 1 (Anonymous, 2020 a).
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Moreover, the average number of imported tractors was reported as 16.75% in Tiirkiye. The
distribution of the tractors sold according to the average powertrain is also given in Figure 2.

774 902

<50 Hp 50-59 Hp 60-69 Hp 70-79 Hp 80-89 Hp 90-99Hp  100-119Hp  >120 Hp

Figure 2. The distribution of the tractors sold according to the average powertrain

The important system solutions on electric propulsion systems are available in cars, buses, trucks
and also in off-road use like in underground mining vehicles. Although in the automotive industry with
different concepts or construction equipment have electrical powertrain concept solutions, it is
noteworthy that the tractors with electric powertrain which are used for agricultural applications
remain only at the prototype stage.

The basic approach for the transition from internal combustion engines to electric motors in
propulsion systems is not different in the vehicle concepts on road or off-road use. Similar system
solutions are offered, depending on power requirements. For the tractors, it is considered that the
transition to electrical drive systems cannot go beyond concept design and proto-type applications,
especially due to cost and capacity limits based on usage conditions.

The key component for the tractor structures is the internal combustion drive engine that provides
the main power generation. In tractors, power flow is provided from the main drive engine to the wheels
through the transmission and to the PTO and hydraulic systems with mechanical gear in power
transmission structures. In system solutions where belt / pulley structures are also used, the power flow
to all auxiliary systems is transmitted through the internal combustion engine. Transition to electrical
system solutions for some or all of these components for tractor concepts is listed topologically in Figure
3 (AVL, Concept).

As in all other automotive industry, the internal combustion engine is protected in hybrid tractor
topologies; electrical components for drive and auxiliary systems are included in the system to ensure
efficiency. Hybrid tractor structures have been introduced as a priority transition concept due to range
limitations compared to fully electric tractors, as well as battery dimensions, weight, and costs. However,
in commercial terms, it is seen that both the production portfolio and the sales numbers do not have the
expected impact across the world.
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Step 1 — Mild hybrid Step 2 - Fully hybrid Step 3.1 - Fully electric Step 3.2 - Fully electric

Figure 3. Electric tractor system topologies

In an internal combustion engine tractor, hydraulic and coolant pumps, air brake and air
conditioning compressors, radiator fan are considered as auxiliary systems which are driven by the main
drive engine. Performances of auxiliary systems are dependent on the speed of the main drive motor.
In this sense, in order to keep any system active, the main drive engine must work and possible efficiency
losses come to the fore in line with the capacity used according to the operating conditions. Electric and
hybrid concepts are advantageous in tractors as well as in other automotive structures. The separation
of the auxiliary systems and the provision of an external electrical drive allows to operate more
efficiently while reducing the required main drive motor capacity and size.

The auxiliary systems that require great power for electric tractors are especially PTO and hydraulic
systems. The system designs for the relevant powertrains are important. Thanks to the control methods
specific to electric motors, it stands out as new functions and additional safety-enhancing elements
introduced to electric tractors. For example, through the torque detection feature, a possible jamming
can be detected in the grinder connected to the tractor PTO and the speed can be reduced and
automatically reversed to eliminate the jamming.

Looking at modern agricultural practices in large-scale farms around the world, innovative
approaches integrated with autonomous tractors draw attention. Electric tractors contain the
infrastructure that will provide fast adaptation structurally for autonomous driving systems as in other
automotive applications. While electric tractors provide advantages thanks to their low energy
consumption and maintenance & repair costs; they also offer a zero-emission concept by operating with
renewable energy options. Using of electric motors in the main drive system provides an advantage for
the high torque requirement needed in agricultural applications, it offers a comfortable driving and
improved safety equipment.

Nevertheless, the main difficulties regarding electric tractors to be used in agricultural applications
are the lack of necessary energy infrastructure for charging in usage areas (agricultural areas), having
difficult working conditions, limitations regarding battery technology and most importantly, high initial
purchase cost. Especially in agricultural applications, the working environment where the tractors are
located is very dusty and has an extremely hot and high humidity level for during the summer months
when agricultural activities are carried out (such as Cukurova in Adana). For this reason, durable and
reliable power electronics-components and, effective and sufficient cooling infrastructure are essential
for the electric motors and battery packs. In addition, the thermal control structures to be established
for the specified operating conditions should be considered as an additional factor that increases the
battery energy consumption.

As with other electric vehicle concepts, battery efficiency is very important for electric tractors.
Sufficient power and energy density has not yet been achieved in current battery technologies to
compete with conventional tractors based on internal combustion engines for agricultural applications.
Increasing the battery size in line with the requirements causes high costs and increased weight for
electric tractors (this also reduces the overall efficiency of the tractor).
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2. STUDIES ON ELECTRIC TRACTORS

In the study conducted by Troncon et al. (2019), a feasibility study was prepared on working
conditions and energy consumption for a tractor used in agricultural applications to be electrical
(Troncon et al., 2019).

It was stated by Ueka et al. (2013) in Japan that a tractor with internal combustion engine was
retrofitted as an electric tractor in order to reduce environmental impacts in agricultural production and
the total vehicle weight increased and the center of gravity changed. According to the diesel tractor, 70%
of the energy required for soil cultivation and driving, 1300 m?2 area can be cultivated with 1 full charge
(it is stated that the plowing is done at 0.3 m s-1 speed and 10 cm depth). Finally, approximately 70%
reduction of CO2 emission was achieved (Ueka et al., 2013) .

According to the simulation modeled on Matlab for the dual motor drive system for electric tractors
by Chen et al. (2019), optimization for the essential parameters of the drive system as engine power,
battery capacity, number of gears, etc. is presented.

Retrofit from a diesel tractor with 20 kW engine power to a fully electric tractor was realized by
Arjharn etal. (2001) energy consumption characteristics and agricultural application performance have
been evaluated.

Ghobadpour et al.,, (2019) are stated that tractors are generally suitable to work for high loads and
low speeds. Also, other systems like PTO and hydraulic systems are defined as elements requiring extra
power to tractors. On the other hand, it has been stated that energy supply increases agricultural costs,
as agricultural tractors generally operate away from the electricity grid and fuel stations. With the
approach put forward, the use of a hybrid electric tractor concept consisting of renewable energy
sources and biodiesel engine in agricultural applications was taken into consideration and an alternative
approach was presented that allows farmers to meet the energy demand required or to provide energy
to the local electricity grid (Ghobadpour et al,, 2019).

For agricultural applications, while Xu et al. (2014) designed a prototype electric tractor with
centralized motor system architecture; Gao et al. (2009) approach based on the serial hybrid electric
tractor system architecture.

Zhang et al. (2016) developed a dynamic algorithm to minimize energy loss and provide optimum
control for the electric tractor concept by modeled with two drive motors, gear system and clutch
structure. According to the simulation results obtained, the energy loss of the new two-coupling
topology compared to the original design is 12.4%; Similarly, it has been revealed that the optimum
system design can reduce the energy loss by 3.36% compared to the original design.

Modeling and simulation study results of an electric tractor with plug-in hybrid drive system that
enables the use of biodiesel fuel with the PV powered battery pack developed by Ghobadpour et al.
(2020). According to the results obtained, the hybrid-electric propulsion system provided with 4.4kW
Bio-Gen for a 2100 kg electric tractor can not provide similar performance with the conventional drive
system tractor with an internal combustion engine of the same quality.

In the thesis prepared by Savasir (2013); The performance values of a 55 hp internal combustion
engine tractor based on different operating conditions have been calculated. To meet the demands
obtained regarding this, the suitable electric tractor concept has been modeled. As a result, he stated
that the electric tractor concept was not suitable for use, considering the price conditions of the existing
diesel tractors in the market and the prediction that the battery capacity could not meet the needs in the
field.
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AVL works on a different electric tractor concept, unlike the studies based on the standard designs
of internal combustion engine tractors on the market. In the article prepared in this context, functional
limits, weight distribution imbalance or not providing enough space for the battery, etc. It is pointed out
that conditions will necessitate different approaches for existing electric tractor concepts in the long run
(AVL Solution Sheet).

A recent study on the physical dimensions, requirements and performance results of the hybrid
tractor used for vineyard and garden applications stated that unlike normal automotive concepts,
hydraulic and PTO systems in tractors complicate the envisaged electric tractor concept structure
(Troncon and Alberti, 2020).

It was stated by Yoo etal. (2013); the system architecture of electric tractor design based on Carsim
and ASM (Simulink based) is based on a 2-motor structure, separate for drive and auxiliary systems. It
has been reported that the exchange of electrical drive components will be compatible with the internal
combustion engine systems currently used

In another study on the use of electric tractors in India, it was reported that the key elements such
as high torque, low maintenance, low operating costs and zero emissions are strong factors for the
adoption of electric tractor for the agricultural sector where 55% of the population makes a living. In
contrast, the very high ini-tial cost of purchasing electric tractors, the lack of energy infrastructure for
charging, and the lack of awareness of emission emissions were considered as major weaknesses (Malik
and Kohli, 2020).

Magalhaes et al. (2017) drew attention to the negative impact of ambient conditions in his study,
which addressed the practical problems in the field of electric tractors.

Also, Caban etal. (2018) analyzed the market potential of electric tractors in Poland through a survey
they conducted; similarly, they concluded that switching to electric drives in tractors had some
difficulties (Caban vd., 2018).

Frederickson et al. (2022) collect and analyze activity data from diesel engine tractor and they us
efor zero emission electric yard tractor. The performance of the vehicle/equipment was analyzed in
terms of the state of charge (SOC) and fuel/energy consumption per day and energy consumption per
work completed/distance driven. The data was analyzed to determine performance activity patterns
including hours of operation and miles traveled per day.

Chenetal. (2022) stated that the electrical tractor is bound to become a future agriculte trends. Their
study is related to design and implement a lightweight, energy-saving, and less polluting electric tractor,
which corresponded the requirements smallholder farmers.

3. ELECTRIC TRACTORS IN THE WORLD

The general opinion in the academic studies mentioned above; despite the advantages of electric
tractors, the desired results cannot be achieved due to structural and cost factors. It is seen that generally
limited to studies on small scale and prototype applications. On the other hand, the world's leading
tractor manufacturers also have electric tractors for those that are sold commercially or are still at the
concept or prototype stage. So, it is expected to enter the agricultural machinery market in the next few
years.

The detailed technical specifications of electric tractors around the world are shown in Table 1.
Among the available information, it is possible to express different values, especially in terms of charging
and operating times, by considering the infrastructure and operating conditions.
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Table 1 Electric tractors in the world and their technical specification
Power Battery

Brand/ Model Model ] . Operation Time 1 Made in
Capacity Capacity
Fendt /
e100 Vario 50 kW 100 kWh 5h Germany
John Deere / 150 kW 130 kWh 3h USA
Sesam
Escort/ .
Farmtrac 26E 19 kw 21 kWh 6 h India
Rigitrac / .
SKE 50 50 kW 80 kWh 5h Switzerland
Zy e .
. 75 kW 95 kWh 5h Tiirkiye
Electric
AVL 50 kw 140 kWh NA NA
(consept)

In the market analysis conducted in electric tractor sector, the German tractor manufacturer Fendt
stands out for the first time. The produced e100 Vario model has a motor power of 50 kW and a Li-ion
battery capacity of 100 kWh. It is a 100% electric tractor and has been put on the market for sale. It is
stated that the company provides 5-hour uninterrupted working opportunity under real field conditions
with the model foreseen for agricultural applications such as vineyards and gardens (Fendt e100-vario).

American tractor manufacturer John Deere produced the electric tractor as a prototype which called
the Sesam model in 2016. It can provide a total of 300 kW of power from a 150 kW electric motor for
each axle, powered by a 130 kWh Li-ion battery pack. The tractor is the largest power capacity electric
tractor in this class (John Deere Sesam).

Indian tractor manufacturer Escorts launched the electric tractor model Farmtrac 26E, which also
targets the market for small-scale vineyard and orchard agriculture ap-plications. The model has the

T1tis expected to vary depending on the agricultural practice and field conditions.
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opportunity to work for approximately 6 hours with a 19 kW electric motor and 21 kWh Li-ion battery
pack (Escorts Farmtrac).

The Swiss tractor manufacturer Rigitrac is also among the companies that produce electric tractors.
In the system architecture of the electric tractor revealed, there are 4 electric motors in total, 1 for the
front axle, 1 for the rear axle and 1 for the PTOs (front and rear). Rigitrac SKE 50 model is designed for
garden applications with 80 kWh Li-ion battery capacity and 50 kW motor power (Breen, 2019).

The last player of the electric tractor sector is from Tirkiye. Tiirkiye's electric tractor brand ZY
Electric. This electric tractor project is belong to General Directorate of Agricultural Research and Policy,
subordinate to the Ministry of Agriculture and Forestry. Within the scope of the project, a joint venture
was established between Ziraat Private Equity Investment Trust Inc. (Ziraat GSYO) and Trev Energy
Otomotive Inc. It has been reported that mass production will begin in the recently established factory.
Within the scope of the project 2 different models were prototyped. It was launched last year. It is stated
that the first prototype has a power of 75 kW (105 hp) and a battery capacity of 95 kWh (ZY Electric).

4. ELECTRIC TRACTORS IN TURKIYE

In this paper an overall assessment is made by considering the electrical tractor design concepts put
forward in the world which based on agricultural activities in Turkiye. In this respect, a design input has
been created for electric tractors according to the results of the research conducted in Adana, which is
one of the leading agricultural regions of Tiirkiye.

Also, in the analyzes carried out, the approach is presented based on the Tiirkiye's electric tractor
brand ZY Electric. It is stated that the first prototype has a power of 130 Hp (96 kW) and a battery
capacity of 95 kWh. Detailed technical information on the first electric tractor prototype is given in Table
2 (ZY Elektrikli).

Table 2. Technical specifications of Tiirkiye’s first electric tractor

Traction Drive Power 130 Hp
PTO Drive Power 160 Hp
318 HP
Hydraulic Systems 20 Hp
Other Auxiliary Systems 8 Hp
Battery Capacity 95 kWh

Accordingly, in the summer working conditions, where agricultural activities are concentrated, the
actual operating conditions carried out by tractors are taken as reference. Due to the extremely hot
weather conditions in the summer months, the main approach is the plowing operation, which is the
most challenging activity for agricultural applications carried out in 2 stages, usually between 06: 00-
11: 00 in the morning and 16: 00-24: 00 in the afternoon. In this scale, with a single tractor and a single
driver, a maximum of 45-50 decares of fields can be plowed within a total of 12-13 hours per day.
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ET = (GMxnxt) (D
ET : Energy consumption of tractors, (kWh)
GM : Electric motor power, (kW)
n : Load capacity, (%)
t : Is the time, (h)

P = (BC + ET) (2)

P : One-charge-use of tractor,
BC : Total battery capacity, (kWh)
ET : Energy consumption of tractors, (kWh)

CT = (BC = GC) (3)
CT : Charging time of tractor, (h)
BC : Total battery capacity, (kWh)
GC : Charge capacity of charge station, (kW)

Considering these data; the first approach for the Sesam Electric Tractor model designed by John
Deere is presented. The total power requirement of this tractor, including drive and PTO, is 400 hp. The
battery usage capacity foreseen for 12-hour uninterrupted operating conditions, based on 50% load
conditions, corresponds to 2.280 kWh for full charge in one time. This capacity value for the battery
corresponds to a volume of approximately 5000 It and a weight of 15 tons based on the Li-ion structure
(Peter, 2019).

The other references approach is the 80 hp tractor concept of the Fendt e100 Vario. The capacity of
the 100 kWh battery (Li-ion structure) in the tractor corresponds to its weight of approximately 600 kg.
Similarly, with Sesam, when using 50% load capacity, operating conditions that require recharging after
4 hours (Peter, 2019).

Finally, similar predictions made by ZY Electric. In this context, a projection was made for a capacity
of 318 Hp based on the prototype design reported for ZY Electric. In the specified capacity use, it is
evaluated that the power requirement can be used for a maximum of 1 hour with a battery capacity of
95 kWh for operating conditions based on the use of 50% capacity as in other approaches. On the other
hand, it is seen that approximately 480-600 kWh of battery capacity is required at 50% full capacity and
4-5 hours of uninterrupted use. For an electric tractor of this scale, it must have a charging station
capacity of at least 120 kW and sufficient energy infrastructure to charge the battery capacity in 5-6
hours.

5. CONCLUSION

In terms of system architecture, traditional approaches based on existing tractor with internal
combustion engine models are seen to be gaining weight in electric tractor concepts that have been
introduced around the world. Basically, the system architecture is built with a battery pack instead of
just the diesel engine and related components, a central electric motor (concepts offering different
approaches are also possible) and related power electronics (converter) structures.. In this
configuration, the electric motor is directly coupled with the regular gear diesel engine with the
integrated gear. On the other hand, it is seen that belt / pulley applications based on traditional
approaches or system solutions with external drive are used for auxiliary systems. For PTO systems, an
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external drive system is preferred in all electric tractor concept approaches. Due to current conditions
regarding electric tractors and limitations in battery technology, it is considered to be optimum for
agricultural applications with small capacity tractors. However, for electric tractors, most of which are
in the concept or prototype stage, innovations that will be introduced with different approaches from
traditional system designs are expected to come to the fore in the near future. Especially when
agricultural operating conditions are taken as a reference, it is essential to put forward sufficient and
sustainable charging systems and energy infrastructure solutions for electric tractors corresponding to
diesel tractors. In cases, high battery capacities, associated costs and therefore additional weights are
among the most important difficulties for electric tractors where these requirements cannot be met that
is why it makes it difficult to compete under the current conditions. Innovative approaches based on
total cost of ownership should be introduced in line with field analyses to be carried out with effective
and efficient system solutions. Financial support to be offered to farmers, incentives to be provided
under the condition of using electric tractors or additional agricultural support packages, etc. may be
necessary and awareness also be raised for electric tractors through sustainable agricultural subsidies.
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