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| - SPERRY (SUPERVISED ROBOTIC SURGERY)

EE}:)). Robotic needle insertion.
1

ﬁ Minimally invasive surgery : Patient comfort, less complications.

-@- Precision (few mm). Manipulated from outside of the patient.

NN A -
® Chirurgical robots : precision + dof.
11 Limit : hard to predict tissue and needle deformations during insertion.

@ SPERRY : Prediction of deformations + command of the robot : precise insertion.



| - ROBOTIC NEEDLE INSERTION
Needle l l

Phase 0 Phase 1 Phase 2 Phase 3

Force modelling:  f . (x)= fst;‘ﬁness (x)+ ffriction (x)+ fcmﬁng (x)

Phase O : Needle-Tissue contact.

Phase 1 : Deformation of the tissue by the needle. Stiffness force due to elastic properties of
the tissue.

Phase 2 : Puncture. Cutting forces + friction forces opposed to this movement.

Phase 3 : Extraction.



| - MY OBJECTIVES

Motivations : test the model already implemented (insertion + friction)

Does it correspond to reality ¢

needle \\

i

nﬁ fat
~ — - muscle

- liver

anatomical phantom

Forces measurements
thanks to a force
sensor placed at the
base of the needle

Control of the model
according to the
detected events

Event detection algorithm :
Layer change
Friction coefficient estimation

Real-time simulation




|| — STATE OF THE ART ‘




Il - FORCES APPLIED DURING INSERTION

fneedle (x) — f:vtiﬁ”ness (x) + ffrz’ction (x) + f;'utting (X) 1]

Stiffness : due to elastic properties of the tissue

0 before puncture f(x) =ax+bx? 1l
fstiffness (x) =1 f(x) during puncture with Fx) = X o
0 after puncture ax+b

Friction : non-linear phenomenon, due to Coulomb friction, tissue adhesion and damping (Dahl’s
model, Karnopp’s model). [1][3]

Cutting : necessary to cut the tissue at the tip of the needle
0 before puncture
Jeutring (x) = [ ¢ during puncture



I - TISSU ELASTICITY ESTIMATION

Compare deformations between real model and simulated model.

x Tissue characterized by Young Modulus and Poisson coefficient [4] Needle
« Interaction described by a mass-spring system (Kelvin-Voigt model) [5][6] = - mim = = = -Hl- - = = == = - p(0)
Needle-tissve interaction: T TOTTTTTA T T IO p(t)
£(1) = k(t)(p(1) — p(0)) +d(t)v(z) if p(r) >0 k d
0 if p(r) <0 j-l
Discrete formulation : 777 v
. T A Soft tissue
Vi =@ 0Or1 with @ =[pc—po vil O = [ki di]”
Recursive Least Square algorithm :
Pi_ 1Dy

Or = Op_1 + Lyey  with Error: ¢; = y; — ®1Oy_q : L=
y k Gain matrix : Lk 1 +‘I’;{Pk—1®k



II - LAYER CHANGE DETECTION
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[l - NEEDLE-TISSUE INTERACTION

FEM model already implemeted [7] : needle discretized into several beams.

Before and during puncture : Unilateral constraint
Check if contact before puncture

Create contact constraint during puncture

After penetration : Bilateral constraint (lateral + friction)
Guide the needle through its path, prevent lateral motion

A new constraint is added at every ConstraintDist







[l - FORCES DURING NEEDLE INSERTION




11 - FORCES DURING NEEDLE INSERTION

6 -
fneedle (x) = f;tiﬁ”ness (x) T ffriction (x) T fcutting (x) ar
2 L
z
Before and during puncture : g
Stiffness = unilateral constraint S
2F
After puncture : AT
Friction + cutting = Bilateral constraint
6 20mm
I ! ' 15mm !
Need + + velocity 8 ' ! A
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to estimate force using KV .
Position (mm)



[l - LAYER CHANGE DETECTION

Kalman filter used to estimate velocity from needle position
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Dk+1 = Dk +Tvg+ - - -
V41 = Uk + Ty Q ol o
£ /
=" J
Tk+1 = Aka?k +Gk'7k % 0- /”_
> /,
yk — ijxk —|— wk‘ = /
E 7
H y
1T\ =
rp = (pr k)t Ay = H
0 1) & J
T_2 - .
o= (7) a=-a0

00000



Il - LAYER CHANGE DETECTION

Figure 5 Figure 4
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- HETEROGENEQUS GEL
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[Il - HETEROGENEQUS GEL
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+ 1000 constraints ~ 50 constraints
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- LAYER CHANGE DETECTION
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Ground truth + 30ms GT + 50ms GT + 40ms GT + 60ms
10mm GT + 30ms GT + 30ms GT + 40ms GT + 50ms
20mm GT + 30ms GT + 50ms GT + 30ms GT + 50ms

dt = 10 ms

On average +50ms = 5 time steps

20



IV — FUTURE PERSPECTIVES |




IV - MEASUREMENT OF THE BASE FORCE

No friction

Stiffness force only

Possibility to set
-Penetration Force
-ConstraintDist

Force (N)

Time(sec)
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\ IV - FRICTION

Simulation
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12|

10

Reality

&5l

4 (5] B
Time(s)

10

12

23



IV — NEXT STEPS

Better simulate friction
Obtain a time non-dependent and ConstraintDist non-dependent model
Test the layer change detection algorithm with a more realistic model

Online estimation of friction force applied to the needle during insertion

24






Layer change detection

Needle Insertion Modelling

CONCLUSION

Friction coefficient estimation

Event-driven simulation
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