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https://www.youtube.com/watch?v=sRrnW8uga4k




https://www.youtube.com/watch?v=0XdC1HUp-rU



Robotic technology today

da Vinci surgical System
(© Intuitive Surgical, Inc.)




The first surgical robot
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Robot kinematics

Goal: describe the pose of the robot (position and orientation)

Z5. V4 ¥s

Fig. 1: PUMA 560 in the zero position with attached
coordinates frames shown"’

https://www.youtube.com/watch?v=tjOhGgOHfhg



Robot kinematics

Goal: describe the pose of the robot (position and orientation)

Transformation matrix between
two consecutive joints:
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Transformation between robot
base and end effector:

T = TYTE T TS TS TS

Fig. 1: PUMA 560 in the zero position with attached
coordinates frames shown'’



It may get complex very quickly...

11 712 113 Px
Op _O0plp _ (721 T2 723 Py
q L5 ¥31. T2 783 Py
0 0 0 1
ri1 = €1[cp3(€45C6 — $455) — $2355C5] + $1(54€5€6 + €456)
ro1 = §1[Cx3(C4C5Cq — 5456) — 59355C5 — C1(54C5Cq + €45¢),

r31 = —893(C4¢506 — 5456) — €2355C6,

rg = C1leps(—cy€s56 — 54C6) +5235556] +51(c4C6 — 54€556),

ryp = 811€p3(—€4C556 — 54€6) + 52355561 — c1(caC — 54¢556),

ryy = —S93(—c4C586 — 54C5) + €235556,

r13 = —€1(€23€485 + §23C5) — 515455,

ro3 = —8§1(€p3€455 + 523C5) + €15455,

r33 = 8§p3€455 — €3Cs, N

Py = C1lay¢y + a3cy3 — dgsp3] — dasy,
Fig. 1: PUMA 560 in the zero position with attached

= §¢[arCy + A2Crqa — dy592] + daCy, : 5 :
py 1[ 22 3723 4 23] 371 coordmates frames ShO\VIll’

P, = —Q38y3 — ay5y — dyCo3.



Inverse Kinematics

Goal: calculate the joint angles for a desired pose

r11 = €10623(€4C5C6 — 5455) — 52385C5] + 51(54€5Cq + €456),
ro1 = S1[Cp3(C4C5C6 — 5456) — $2355€6 — €1(54€5C6 + €456),

r31 = —893(C4¢506 — 5456) — €2355C6,

rip = c1lepz(—cyes56 — 54C6) + 5235556] + 51(c4C6 — 54C556),
ryp = 811€p3(—€4C556 — 54€6) + 52355561 — c1(caC — 54¢556),

ryp = —Sp3(—c4C556 — 54C6) + 235556,

r13 = —€1(€23€485 + §23C5) — 515455,
ro3 = —8§1(€p3€455 + 523C5) + €15455,

F33 = 823€4 55 — €3C5,

Py = c1laycy + ageo3 — dysy3] — dasy,
Py = s1laycy +azcy3 — dysy3] + dyey,

P, = —a35y3 — ApSy — dyCp3.



A geometric example

W = (Pwx pWy)

Law of Cosines

a’? = b%? + c* — 2bccos A

COs A =

b?% + c% — a?
2bc

cos(m —6,) =

cos(6,) = —

ai + a3 — (Pivx + Pivy)

2(11(12

ai + a3 — (Piyx + Piwy)

2a0a,



A geometric example

W = (Pwx pWy)

ai +pz +py — as

—9 B =cos™?!
2a4 \/plgl/x + pI%I/y

ai + a3 — (Piyx + Piwy)
2a0a,

cos(6,) = —




Inverse Kinematics

Even if we find an analytic inverse, the problem may still have
zero/multiple/infinite solutions!

r11 = €10623(€4C5C6 — 5455) — 52385C5] + 51(54€5Cq + €456),
ro1 = S1[Cp3(C4C5C6 — 5456) — $2355€6 — €1(54€5C6 + €456),

r31 = —893(C4¢506 — 5456) — €2355C6,

rg = C1leps(—cy€s56 — 54C6) +5235556] +51(c4C6 — 54€556),
ryp = 811€p3(—€4C556 — 54€6) + 52355561 — c1(caC — 54¢556),

ryy = —S93(—c4C586 — 54C5) + €235556, |

r13 = —€1(€23€485 + §23C5) — 515455,
ro3 = —8§1(€p3€455 + 523C5) + €15455,

F33 = 823€4 55 — €3C5,

Py = c1laycy + azcps — dysy3] — dasy,

py = s1laycy + azcy3 — dysy3] + dyey,

P, = —035y3 — pS5y — dyCp3.



https://www.youtube.com/watch?v=_c6F7mJpSRI
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\ Optical Fibers
Steerable section

Chip-tip camera




https://www.youtube.com/watch?v=0nZ7vTxpLQU

I Not Visualized
Visualized
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Fichera L et al, Through the Eustachian Tube and Beyond: A New Miniature Robotic Endoscope to See Into the
Middle Ear, Robotics and Automation Letters (2017)



Z Actuation Tendon

\ Optical Fibers
Steerable section

Chip-tip camera
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' bending

plane

York P. et al, A wrist for needle-sized surgical robots, ICRA 2015



Actuation Tendon

Endoscope kinematics °
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Steerable section

Chip-tip camera
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‘ " bending
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K _____________________
1 0 0 0 [
it _ 0 cos(ks) —sin(ks) (cos(ks)—1)/k
7|0 sin(ks) cos(ks) sin(ks)/k
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York P. et al, A wrist for needle-sized surgical robots, ICRA 2015



Continuum robots in surgery

Gilbert 2016




The Rise of Robots in the Operating Room | Dr. Robert Webster Il |
TEDxNashvilleSalon

https://www.youtube.com/watch?v=Mr4xEH11NSA
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