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1. Hipofiz Bezi Tumori Ameliyati

Hipofiz (Pitliter bez)

— Sfenoid sindstin arkasinda sella
turcicaya (Turk eyeri) yerlesmis 6zel
bir salgi organi

— iki atardamar arasinda
— Bezelye blyukltginde

— Metabolizmayi, buylime-gelismeyi,
seker-su-tuz dengesini, cinsel
organlarin gelisimini dizenleme

Hipofiz bezi timori nispeten

siklikla ratlanan bir timor

— Radyolojik %22.5

— Otopsi %14.5

1. Hipofiz Bezi Timoéru Ameliyati

* Endoskopik hipofiz bezi tiimorii ameliyati proseddiri:
— Endoskop ve cerrahi aletler burun deliginden sokulur

— Burun bosluguna =¥ hipofiz bezinin yerlestigi kafatabanindaki sella
turcicanin hemen oniindeki sfenoid sintise (hava boslugu) ilerletilir
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1. Hipofiz Bezi Tumori Ameliyati

* Bu ameliyatin
mikroskobik ameliyata
gore tercih edilme
sebebleri:

— ylksek timor rezeksiyon
— daha kisa hastanede
yatis streleri

— daha iyi hasta konforu

— duguk maliyet, yiksek
etki

1. Problem Tanimi
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— Kullanim kolaylig

— Operasyon hizi Cerrahi Aletlerle Yonlendirilebilen Robot Yardimli
— Guvenlik Endoskop Kontrol Sistemi (NeuRoboScope)

115E725 & 115E726

1. NeuRoboScope Sistemi Tanitimi

* Bu sistem ile amaglananlar:

1. Cerrahin -biri endoskop olmak Uzere- li¢ adet aleti ayni
anda kullanabilmesi

2. Cerrah diger iki eliyle farkli cerrahi aletleri kullanirken
istedigi zaman endoskopu yonlendirebilmesi
3.  Amefiyat bélgesine robotu cerrah konumfayabifmesi

4. Cerrahi operasyonun givenliginin, performansin ve
verimliligin artmasi

5.  Ameliyat suresi kisalmasi

-

1. NeuRoboScope Sistemi Tanitimi

* Sistemin bilesenleri:
Pasif dEngelenmis Kol (PEK)
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* Sistemin bilesenleri:
aKtif Endoskop Yonlendirici (KEY),

Endoskop

%
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Pivot noktass
(Fulcrum | Incision Point)
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1. NeuRoboScope Sistemi Tanitimi

1. NeuRoboScope Sistemi Tanitimi

« Sistemin bilesenleri: i
HAberlesme Sistemi (HAS) T
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1. NeuRoboScope Sistemi Tanitimi

* Sistemin bilesenleri:
Ana Kumanda Sistemi (AKS)

e Cerrahin anlik olarak

z
KEY’e  hareket bilgisi o Donme
gondermesini  saglayan — P
. Yalpalama &
sistem 3 2) Vunusiaema g,;?hﬂllm
x y -

— 3 eksen donuolcer
— 3 eksen ivmedlger
— Ayak pedali

— Bluetooth 4.0

— Sterilize edilebilir
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G. Ates, R. Majani, and M.
i. C. Dede "Design of a
Teleoperation Scheme
with a Wearable Master
for Minimally Invasive
Surgery," In New Trends in
Medical and Service
Robotics, pp. 45-53,
Springer, Cham, 2019
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2. FIRE Sistemlerinde Mafsal Empedansi

A. insan-Robot Etkilesiminin Evrimi

» Mekanik Coziimler
» Kontrol Coziimleri
» Bunlarin Birlegimi

(www.roboticsbusinessreview.com)

3.12.2019



2. FIRE Sistemlerinde Mafsal Empedansi

B. insan-Robot Etkilesimi Sistemlerin Mafsal Yapilari

v Geriye siiriilebilirlik: hareketin ¢ikis milinden giris miline aktariminin
kolaylig1 (Ishida and Takanishi, 2006)

v Diisiik kiitle / atalet

v Caligma alam

v Empedans aralig1 (Z-width) Z =§
- Aktarim organi

- Siirtiinme

v’ Bagimsiz empedans — hareket regiilasyonu

v" Sok / darbe séniimleme
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2. FIRE Sistemlerinde Mafsal Empedansi

Actuators
Paosition Variable Force / torque
impedance
Active
Inherent Inherent
"“P::r‘“"': bY " compliance damping Inertial
Active impedance Innerent Innerent
by control compliance damping
Variable damping
) e actuator
SEA) Actuator - VSA)
Controlled Controlled
- mww n-.u;u'::mu i Eddy currents  Fluid dynamic
£ Electro- Electro-
e o - u Ry et Turbulent
Neatear ) I neto- |
I Elasteny I Mag al | F:ﬂr:llmlﬂn Laminar
B | e | o | 0 e i
1 !
wanemasion 1

I = L Vanderborght, Bram, et al. "Variable impedance actuators: A
T L] review." Robotics and autonomous systems 61.12 (2013):

1601-1614.

3. SDA Temelli FiRE Sistemi Mafsal

Active impedance Inherent Inherent
by control compliance damping
Fixed
A SEA) Actuator - VSA)
Changing transmission  Physical properties
e 10ad -+ spring of spring

independentmotors | Contiuousty varisble | i Cross section area

bt i (Faulring et al,. 2005)

3. SDA Temelli FiRE Sistemi Mafsali
v Ozgiin iki-konili siirekli degisken aktarma (SDA) sistemi temelli

degisken direngenlikli mafsal tasarimi

(Standart SDA sistemi) HAPKIT (Kapstan Strticisii) ., Hapkit v2.0 handle
° -~

-

Motor «

.
code
. Encoder

Output cone

v
Drive wheel

Mobedi, E. ve Dede, M.I.C. 2019.
Geometrical analysis of a continuously
variable transmission system designed for
human-robot interfaces.

Mechanism and Machine Theory.
10.1016/j.mechmachtheory.2019.06.024
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3. Calisma Prensibi

Output cone

Input cone

1. Problem:
o Kabiil: Fyy = Fpy
M, . ) )
4, :,w Nommal free applied by the iy = 12 x Fy 2 = For® I~
My N,: Normal force applied by the (0 (0 —(0)
o:(pulconc My = —rily " X Fpiiy ™ = —Fpriy - (2)
o | Fy & Fy: Tangential friction
i forces acting on the left & right side . e e e .
: M J © UM i ihe sphere in the opposite  Kilre aktarma orami degisimi icin
R £ W R direction ofthe shitng force alomg. | harek
v al H il aymadan hareket edemez.
2} ‘ 2
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3. Calisma Prensibi

Kabiil: Fp1 = Fpy
o ) M1 = rﬁgl} X Ftlﬁgn = Ftlrﬁil) 3)
Uy 'ty Uy = —=(2) =(2) —=(2)
. M, =1y X Fpliy = Fory 4)
i
e 2

Kiire hareket eder.

3. Calisma Prensibi

2. Problem:

User force

g N\

‘Output cone ccw

Sphere

|
@ !
Upper sphere \ Py, P,, P3, P, : Kiireler ile koniler arasinda
H oo e .
! olusan siirtiinme kuvvetleri
\ } i W' Kiirenin agirlig:
1 iR R On gerilme kuvvetleri
/ \ ! g: Yergekimi vektorii
/ i
— P | i
s‘f \'x Lower sphere (New Solution) |
Fi F> :

Slippage poiny
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1 o ~~\
ﬂfm = CH(O'I)MEU = Fyre®O0-Pog, = Fyrla, sinf, 1':'1_12 cos ] \‘. (5)
M = GODFP = F,retsO0+Fa, = F,r[—a, sin B+ i, cos B}/ (6)
----- 18
3. Galisma Prensibi
Kavram dogrulama tasarimi:
Output cone —~
(D
slot
Sphere's
cavity
20
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3. Dogrulama Calismalari
Benzetim Ortaminda Kinematik ve Dinamik Analiz Dogrulama

Testleri
@ —Calculated
£ olidworks
® DOAdams
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‘.;,81384
=0.204
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< L L L .
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8 428
(=] Ly 1 n L L L L " L 1
259 10 20 0 4 50 60 70 80 97.41
Z (mm)
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3. Tasarim Eniyilemesi

., Hapkit v2.0 handle

Adim 1: En yiiksek tork iletiminin

. . =
berlirlenmesi -

Motor +— . .
— » Encoder

» y
Drive wheel
Output force (Fyye)

3. Tasarim Eniyilemesi

Adim 2: Efektif yaricap oraninin belirlenmesi
2 -
frip =2

Adim 3: Motorun nominal ve tutma torku arasindaki oranin belirlenmesi

=T

1. durum: | 2.Durum :
(Minimum (Maksimum [ i\ |1
Empedans) T ST Catvembent Empedans) 'rnfiLT- Fi porvenne
et A o
"2 T2

Tarivewheel1 = Tstall 70 Tarivewheelz = Tcontinuous .~ 0
T2 T2
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Tsector ™

=R76 %

Tsectdl
F, L ‘ ;
Tarive wheel = % 12.50 mNm S
Prasy
. "..‘ 46'(\'! wheel
Giivenlik katsayisi 3
22
3. Tasarim Eniyilemesi
Adim 4: Mekanik kisitlar: 2 mm

Ter j/%

Aux.4

K
Aux.4
24
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3. Tasarim Eniyilemesi

Adim 4: Mekanik kisitlar:

c= [R’xﬁn]—[ﬁxftz] =0
CZ
'

BxF. =i = [ Ry, sin(B,, — 83;) cos B, 1-(6)
“ K lrz(cosal cos By + sin a; cos By, sin H,z)J 1

a [ RT;, sin(By, — 65,) s5in 65, ]E(")
15 (cos a; cos By, + sin @, cos &, sin ng)J 2

RT;, cos(Byy — 6y4)

+ [ la®
/ 1,(COS &1 €05 By, + sin @, cos 8y, sinby,)l 2

Aralarindaki oran M olarak tanimland:
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3. Tasarim Eniyilemesi

Adim 5: iterasyon yontemi ile eniyileme tasarim parametreleri:
R (mm), 8(rad), ry (mm), L(mm), D(mm)

Iterasyonun éncelikli hedefleri su sekildedir:
* L boyutu (5042 mm)

» Kiire yarigap1 (10+5 mm)

* %M degeri (3+2)

* hboyutu (3+1 mm)
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3. Deneysel Dogrulama

Handle

Eniyilenmis Prototip
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3. Deneysel Dogrulama

Test Prosediiriiniin Bilgi Akis1
__________ Cikig mili
" N / sabitlenmis

Force S
", mfe ensor \ deneyler
< l A lq— % ;)
~ ¢ - 7’

My Rio DAQ Y

Driver Actuator

28
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3. Deneysel Dogrulama
Test 1: Cikis torku dogrulamasi (Cikis mili sabitlenmis)

Ortalama hata 6.1550 % Force sensor J !

—Calculated Output Foroa (N)
0 Noasused Outpet Forcs (N)

e o o

Output Foroa (N)

e

e
e
@

%1
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3. Deneysel Dogrulama
Test 2: Bagimsiz Hareket ve Mafsal Direngenligi Degisimi (¢1kis mili serbest)

3. Deneysel Dogrulama
Test 3: Sok Séniimleme (Cikis mili sabit)

]
=3
=3

—Measured Output Force (N)
150 — Actual Current (A)
=-=Measured Output Position of the Handle (deg)
100 =-=Measured Output Position of the Drive Wheel (deg)
=-=-Measured Output Position of the Motor-1 (deg)

Measured Output Values (Deg, N, A)

g
=1
n
w
a
2
o
-
o™
©
3
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Giris Konigi Cikis Konigi
2” § °
%o H
i= 3
| S
T T,
E 3ii) 1 2 3 4 5 T L] = 2?znl 1 2 3 4 s L]
tma (s) e (5)
. = Measured Output Position of the Motor-2 (deg)
& 400 — Measured Output Position of the Drive Whael (dog)
= Measured Output Position of the Input Cone (deg)
B e—
8 200
3 -400
g 600
g 80
3 -1000
8 -1200
= 00
0 1 2 3 4 5 6 7
time (s}
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4. MRS Temelli Yari-Aktif Eyleyici
Problem: Z - aralhig:
. - * Haptik sistemlerde kararlilik 6l¢itl (Z,,iq¢n)
1) Artirthmus fiziksel soniimleme (Colgate & Brown, 1994):
a) Daha kararh bir yapt K
. b>—+B
b) Maksimum empedans artar 2f
¢) Minimum empedans artar b : fiziksel séniimleme katsayisi
e . o K :sanal direngenlik
2) Distiriilmiis fiziksel soniimleme B :sanal séniimleme
a) Daha iyi geri siriilebilir f  :o6rnekleme frekansi
b)  Minimum empedans diiser b :ekfiziksel sonim
L K
c) Daha iyi seffaflik o
b+b.>3 7 +B
d)  Siirh kararhhk ve maks. empedans 5 o N
e *  Yari-aktif eyleyiciler igin degistirilmis kararlik
actuator 6lgutd (Jinung & Dong-Soo, 2004):
Controlled K
Contees Eddy currents  Fluid dynamic b+bc(H)>ﬁ+B
Electro- ; Eloctro- Turbubent
s _mi__ '"'M; b.(H): kontrol edilebilir degigken séniim
1 :'i_ ca ,I pSam—ns: Laminar
32

3.12.2019



4. MRS Temelli Yari-Aktif Eyleyici

Manyeto-reolojik sivi temelli yari-aktif eyleyici tasarim

1) Calisma prensibi ? |
[+] [+]
%o 00 !
% o0%0° |
|
Without Magnetic Field With Magnetic Field

2) Haptik uygulamalar igin pratikteki sorun
Yari Aktif Eyleyici:

F:F

iki yéndeki hareketi de kisitlar
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4. MRS Temelli Yari-Aktif Eyleyici

2 Free otation

Karabulut, Mehmet Gérkem,
and M. . C. Dede. "Design and
experimental validation of an
MR-fluid based brake for use in
haptics." ACTUATOR 2018; 16th
International Conference on
New Actuators. VDE, 2018.

Coziim: Ozgiin yari-aktif eyleyicinin galisma prensibi su sekildedir:
Saat yoniindeki donme durumu:

- Bu yonde ilk donen kisim ile ¢ikig mili birbirine baglanir

- MR sivisina elektromanyetik alan uygulandiginda kullanici bu yondeki hareketi
i¢in bir direng torku hisseder

- Elektromanyetik alan aktif olsa da saat yoniine ters tarafa hareket sirasinda
kullanici direng hissetmez
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4. Deneysel Dogrulama

Sistem dogrulama test kurulumu

Timing belt

MR brake,

Toraue,
sensar,

Encoder;
[

©SG110 Amplifier

Quanser LCAM .

& Pxi6229

/O module
Chassis

pulleys|(1:6)

Servoamplifier

Donanim

Yaziim

MR brake
PXI-1071, PXI Chassis

(National Instruments)
PXI-6229, I/0 module

(National Instruments)

Servoamplifier, LSC 30/2
series (Maxon motor)
Linear current amplifier
module (Quanser)
Torque sensor, TRS300
series (FUTEK)

CSG110 Amplifier

(FUTEK)
24V DC Motor

MATLAB®

Simulink
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4. ilk Prototip icin Deneysel Dogrulama

Sonuglari
Akim — Tork Tliskisi

—

0.1 rad/s girig sinus sinyaline cevap
- f\ A
" et \ [ |

| Bigimlendirilmis giris akimi |

ast

Tomun i

36
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4. ilk Prototip icin Deneysel Dogrulama
Sonuglari
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4. ilk Prototipin Teknik Ozellikleri

ilk Prototip Teknik Ozellikleri

Teknik Ozellik ‘ Deger

Uriin kitlesi 3.570g

2 A'de fren torku 3,84 Nm
Srtiinme torku 0,15—0,4 Nm
Bant aralig 63 rad/s

Hareket eden atalet 549 gem?

Galismaakmaralg | 0—-2A

124 mm

80 mm
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4. ikinci Prototipin Teknik Ozellikleri

ikinci Prototip Teknik Ozellikleri

Teknik Ozellik ‘ Deger
Uriin kitlesi 470g

0.75 A'de frentorku | 0,95 Nm
Sirtinme torku 0,2Nm

Bant aralig 62rad/s

Hareket eden atalet 86 gem?

MRS temelli yari-aktif eyleyicinin akim-tork karakteristigi

il
o

Polinom ve YSA modeli sonuglarinin testler ile dogrulanmasi
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4. Kullanim Senaryolari

Elektrik Motoru ishirlikci Robot Mafsali

Red(iktor

/ MRS temelli kavrama

Haptik Cihaz Mafsali

Cikis mili

i
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Soru -

Ameliyat baglangicinda Pasif
Kolun yukar kaldinlmasi

Pasif Kolu geri siirerek ameliyat
bélgesine yerlegim

Cevap

Endoskopun Pasif Koldan ¢ikartilarak
ameliyata el ile devam etme

Kolay Tak-Cikart Mekanizmasi yardimi ile
tekrar Endoskopu robota takma

Pasif kolu geri siirerek endoskopun
ucunun temizlenmesi
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