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Neuroengineering and medical robotics laboratory

www.biomed.polimi.it/nearlab



ROBOt and sensors integration for Computer Assisted Surgery and Therapy

www.robocast.eu

2 main projects

BONUS system

Computer assisted orthopaedic surgery

ROBOCAST

Keyhole neurosurgery
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ROBOCAST ProjectROBOCAST Project
�Bioengineering Department Politecnico di Milano, Italy

�Department of Neurological and Vision Sciences - University of Verona, Italy

� SIRSLab - Robotics and System Lab - University of Siena, Italy

� Department of Mechanical Engineering and the Institute of Biomedical Engineering - Imperial College, London, UK

� Prosurgics Ltd, UK

� Laboratory for CAS and Medical Image Processing - The Hebrew University of Jerusalem, Israel
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� Faculty of Mechanical Engineering - Technion, Israel Institute of Technology, Haifa, Israel

� Mazor Surgical Technologies Ltd, Israel

� Lehrstuhl für Computeranwendungen in der Medizin, Institut für Informatik - Technische Universität München, Germany

� Institute for Process Control and Robotics - Universität Karlsruhe (TH), Germany

� Finanziamenti Unione Europea S.r.l, Milan, Italy



Closed loop control with 

external sensors (optical 

electromagnetic)

Use a Gross Positioner to 

hold the Fine positioner in 

place (close to the patient’s 

head) 

TheThe ConceptConcept

��tumour biopsies, tumour biopsies, 

��treatment of hydrocephalus, treatment of hydrocephalus, 

��aspiration and evacuation of deep brain hematomas, aspiration and evacuation of deep brain hematomas, 

��‘‘OmmayaOmmaya’ catheter insertion, ’ catheter insertion, 

��deep brain stimulation, deep brain stimulation, 

��and minimal access craniotomiesand minimal access craniotomies

KEYHOLE NEUROSURGERYKEYHOLE NEUROSURGERY
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head) 

Develop an intelligent 

automatic planner based 

on risks atlas and 

updateable with new 

information

��and minimal access craniotomiesand minimal access craniotomies

Surgeon is  handling an  

haptic interface in order to 

perform the needle 

insertion



ForceForce sensingsensing

52mm
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Credit: Ilya Dyagilev, MRL laboratory, 
Technion University, Haifa (Israel)
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AimAim

•• ValidationValidation ofof anan ultrasoundultrasound systemsystem forfor bonebone surfacesurface acquisitionacquisition……..
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•• …… inin computercomputer assistedassisted orthopaedicorthopaedic sugerysugery..
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Knee prosthesisKnee prosthesis

Femural 
componentDistal cut

Anterior 
cut

Posterior cut

arthrosisarthrosis
70% aged (>65 years) 

population affected
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Liner

Tibial component

• Requirements on cuts:

• Ex. The plane of the distal 

cut has to be perpendicular 

to mechanical axe of the 

femur

Posterior cut

Thanks to Lima L.to, Udine Italy

Computer assisted orthopaedic surgery
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Surgical navigation systemSurgical navigation system

Optical localization system
Vicra NDI, Canada

Reference frames
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Visual feedback

Localization error up 
to 7mm 

(Yau et al. 2005)

Affecting correct  
prosthesis insertion

Registration



Why ultrasound system?Why ultrasound system?

Optical localization
system

Optical
marker

11

bone

Soft tissue

skin

marker

• No bone surface palpation

• Invasiveness reduction

handle
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The developed systemThe developed system

Pulser/Receiver TGC
Antialiasing &

ADC

Analog Signal

FPGA Board
(Elaboration, control 
and communication)

16 bit distance
via USBBlanking Switches 

driver
Pulse 

&
reception

Sync
Sync
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US Probe
(5MHz transducer) 

Sync signal

Localization systemPassive marker 
localizer

Sync signal 
interception board

Start sync Burst

Illuminating flash
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MethodsMethods -- silicone silicone layerlayer thickessthickess validationvalidation

MRI & CT
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• After calibration position of the probe 

tip and beam direction in the imaging

space is known (after ICP).

• It’s possible to measure thickness of

each silicone layer with oblique slices

and compare those thickness with the 

ones calculated with US (velocity of

sound is known from characterization)
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ResultsResults –– OverallOverall US system vs US system vs PointerPointer

• On exposed surfaces (Bone Interface), the tracked pointer shows a median 

distance value of 0.14mm which is significantly better than the US probe 

value (0.21mm median value), but which is still acceptable.

• In the phantom regions covered by silicone, the US probe behaves 

significantly better (max median value 1.2 mm) compared to the pointer.

• US
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• US

• Pointer
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ConlusionsConlusions

• A-mode signal detection allows for real-time surface points detection.

• Accuracy tests of the whole system showed that the US probe acquisition 

behaves significantly better (max median value 1.2 mm vs. 4.2mm) compared 

to the acquisition with pointer.

• The tested system can considerably increase accuracy of registration and 

biomechanical point computation

• Perpendicularity problem � further development
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• Perpendicularity problem � further development

• Problem: A-mode acquisition is slower than standard pointer points 

acquisition 



ConlusionsConlusions

Future developments: 

• system testing in vivo during surgical procedure

• Perpendicularity check / feedback

• US real time velocity correction for each soft tissue, to improve distance 

detection
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Thanks for your
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attention!
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