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Anahtar Kelimeler:

Ozet

Son yillarda, teknolojik gelismeler bireylerin aligveris aligkanliklarinda
ciddi degisimlere sebep olmus ve bu degisim lojistik sistemlerdeki
miisteri profiline etki etmistir. Boylece, paletlenmis tirtinlerin kurumsal
miisterilere gonderilmesi ve bireysel miisterilere ulastirilmas: yerine
artik kisisellestirilmis {irtinlerin dogrudan bireysel miisterilere
ulastirilmasi tercih edilmektedir. Dahasi, kurumsal bir mdiisteriye
onlarca tirtin gonderilmesi yerine onlarca bireysel miisteriye sadece bir
iiriin gonderilmektedir. Bu durum, miisterilerin iiriinleri en kisa siirede
teslim alma istekleri ile birlesince her giin binlerce {irtiniin miisterilere
ulastirilmasi gerekliligini ortaya ¢ikarmaktadir. Bu gerekliligin farkinda
olan firmalar lojistik sistemlerini yeniden revize ederek miisteri
memnuniyetlerini ve boylece pazar paylarmi artirma gayretindedirler.
Ozelikle, lojistik sistemlerde en az katma deger igeren depolama
operasyonlarini minimize etmeye calisan firmalar, depolarinda daha
fazla robotik sistem kullanmaya yonelmislerdir. Son birkag yil igerisinde
ylizlerce depoda kullanilmaya baslayan Robotik Kompakt Depolama ve
Geri Alma (RKD/G) sistemleri hem yiizey alan kullanimini hem de
siparig toplama operasyonlarindaki verimliligi artirmaktadir. RKD/G
sistemlerinde iist tiste konulan kutular1 destekleyen 1zgara yapisi
tizerinde hareket eden robotlar 7 giin 24 saat calisabilmekte ve
yogunluga bagh olarak sayilar1 kolayca artirthp azaltilabilmektedir.
RKD/G sistemlerinde kutularin iist tiste konulmas: sebebiyle yiizey
alaninda ciddi kazanglar saglanabilmektedir. Ne var ki, ¢ok fazla {ist
iiste kutu konulmasi altlarda kalan kutulara robotlarin ulasma stiresini
ve nihayetinde ortalama ¢evrim siiresini ciddi bir sekilde artirmaktadar.
Bu calisma kapsaminda, farkli olasilik degerlerine sahip kutulardan
olusan bir RKD/G sisteminin optimum tasarimini bulmak amaciyla bir
robot i¢in ¢evrim siiresini veren kapali-formdaki matematiksel
formiiller tiiretilmistir. Belirlenen gercek parametre degerleri ile yapilan
hesaplamalarla, RKD/G sistemi igin optimal degerler belirlenmistir.
Ayrica, gergek sistemde uygulanan 16 kutunun iist iiste konulmasi
durumunun verimliligi ciddi bir sekilde diistirdiigti gozlemlenmistir.
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Abstract

In recent years, technological developments have caused significant
changes in individuals' shopping habits, which have impacted the
customer profile within logistics systems. Consequently, delivering
personalized products directly to individual customers is now preferred
over the traditional approach of sending palletized products to
corporate customers and subsequently delivering them to individual
customers. Moreover, a single product is now shipped to dozens of
individual customers instead of sending dozens of products to a
corporate customer. This situation, combined with customers' desire for
rapid product delivery, has necessitated the daily delivery of thousands
of products to customers. Recognizing this necessity, companies have
been revising their logistics systems to enhance customer satisfaction
and, consequently, increase their market share. In particular, companies
are focusing on minimizing warehousing operations that offer minimal
added value within logistics systems and are increasingly adopting
robotic systems in their warehouses. Robotic Compact Storage and
Retrieval (RCS/R) systems, which have been implemented in hundreds
of warehouses over the past few years, improve space utilization and
efficiency in order-picking operations. Robots operating on a grid
structure that supports stacked boxes can function 24 hours a day, 7 days
a week, and their numbers can be easily adjusted based on the picking
density. In RCS/R systems, significant space utilization is achieved by
stacking boxes. However, stacking too many boxes increases the time
required for robots to access those located on lower levels, thereby
prolonging the average cycle time. This study derives closed-form
mathematical formulas to calculate a robot's cycle time, aiming to
determine the optimal design of an RCS/R system consisting of boxes
with varying probability values. Calculations using real-world
parameter values identify optimal design parameters for the RCS/R
system. Furthermore, it is observed that stacking 16 boxes, as
implemented in practice, significantly reduces order-picking efficiency.
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