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abstract Upper extremity prostheses vary based on patients' articulation levels and
movement methods. They can be cosmetic, operate mechanically with shoulder
movement, or be controlled by myoelectronic and electroencephalography (EEG)
signals. However, unnatural prosthesis control burdens users mentally. This thesis seeks
to enhance bionic hand prosthesis control using EEG and electromyography (EMG)
signals, coupled with users' visual weight perception, aiming to reduce physical and
mental discomfort associated with mechanical prostheses. The prototype hand's
preconditioning evaluates objects' weight visually, aiming to reduce shoulder force and
mental load while holding an object. EEG and EMG signals from subjects were
processed for real-time implementation. In the first stage, a study focused on operating
the prosthesis using the motor intention waves of prosthesis users, and the machine
learning approaches' classification success (detection of the intention to activate the
prosthesis) was examined using EEG data from 30 healthy participants. The second
stage recorded EEG and EMG signals from 31 participants during reaching, lifting, and
placing an object, employing various classifications for object weight. In the real-time
classification of multi-channel EEG signals from 20 healthy individuals using Fourier-
based synchrosequeezing transform (FSST) and singular value decomposition (SVD)
approaches, the system aimed to control the stiffness of the wrist part of the prosthesis.
Consequently, the system could detect the weight of the object perceived by the user
while using the prosthesis, allowing for the preconditioning of the prosthesis based on
this weight when the user wants to hold and move the object.
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0zet Ust ekstremite protezleri, hastalarin eklem diizeyleri ve hareket yontemlerine
bagli olarak degisiklik gosterir. Protezlerin kozmetik, omuz hareketine bagh calisan,
miyoelektronik ve elektroensefelografi (EEG) sinyalleriyle kontrol edilen tiirleri
mevcuttur. Ancak, sezgisel ve dogal olmayan protez kontrolil kullanici iizerinde biiytik
bir mental yiike neden olmaktadir. Bu tez ile, EEG ve elektromiyografi (EMG) sinyalleri
birlikte kullanilarak biyonik el protezinin kontroliiniin kullanicinin goérsel agirhik
algisindan faydalanilarak daha iyi hale getirilmesini amaglayan bir sistem gelistirilmeye
galisilmistir. Bu sistem ile hastalarin mekanik bir protezi kullanirken duyabilecekleri
fiziksel ve mental yiikii/rahatsizlig1 azaltmak hedeflenmistir. Bu amagla oncelikle
deneklerin EEG ve EMG sinyalleri gergek zamanli uygulama igin islendi. Ik asamada,
protez kullanicilarinin  motor niyet dalgalarindan yararlamilarak protezlerin
calistirllmasini hedefleyen bir arastirma yapilmis ve 30 saglikli katilimecidan EEG
verileri alinarak makine 6grenmesi yaklasimlarinin siniflandirma basarilar (protezi aktif
hale getirme niyetlerinin tespiti) incelenmistir. ikinci asamada, 31 katilimcinin nesneye
uzanma, kaldirma ve yerlestirme hareketleri sirasinda EEG ve EMG sinyalleri
kaydedildi ve nesne agirliginin tespiti igin ¢esitli siniflandirmalar kullanildi. 20 saghikli
bireyin ¢ok kanalli EEG sinyallerinin gergek zamanl siniflandirmasinda Fourier tabanli
senkrosikistirma doniisiimii (FSST) ve tekil deger ayristirma (SVD) yaklagimlari
kullanilarak sistem, protezin bilek kisminin sertliginin kontrolii saglanmaya ¢alisiimistir.
Sonug olarak, bireyler protezi kullanirken gordiikleri cismin agirliginin sistem
tarafindan algilanmasi ve o cismi kaldirmak istediklerinde protezin bu agirliga gore
O6nkosullandirilmasi miimkiin olmaktadir.
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