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Neurosurgical procedures demand a positioning accuracy of
ideally below one millimetre when placing an electrode in or
taking a biopsy from the intracranial space of the human head.
To meet the stringent requirements of neurosurgery, especially
the high accuracy in tool positioning, our product offers a new
frame-like stereotactic robot NERO – a disruptive technology
when compared to existing robot-assisted approaches.
Conventional, manual methods rely on a restricting frame,
which is affixed to the patient’s head. In conjunction with
imaging techniques (CT or MRI), this rigidly attached frame
provides a coordinate system enabling the clinician to guide a
tool to the point of interest. Although this approach achieves
high accuracy, it suffers from a number of shortcomings, such
as being labour intensive and time-consuming.
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Drastically advancing the field, achievements in NERO are
expected to bring significant improvements to these highly
demanding procedures, decreasing the operation duration,
reducing the operative trauma and considerably lowering the
risk of complications.
NERO is a 5 DOFs manipulator specialized in precise positioning
in neurosurgical applications. It is developed as a robotassistant for positioning surgical tools in biopsy, ventricular
drainage, stereo-electroencephalography (SEEG) and deep
brain stimulation (DBS) procedures.
Unlike most other robotic solutions for neurosurgical
applications, which are hardware wise converted from classic
massive robotic arms additionally customized for medical
applications through software, NERO’s hardware is developed
from the scratch, with the application based approach.
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The main comparative advantages of this device over
competing products are:
HIGH LEVEL OF PRECISION AND REPEATABILITY
Owing to the mentioned application based approach to
device development, it has a kinematic chain where less
precise kinematic joints are avoided, and the emphasis is
put on the linear movements regulated by dual loop control
with the use of precise optical encoders. This results in high
precision and repeatability of positioning that is capable of
achieving submillimetre deviations from the planned, i.e. ideal
penetration path of the surgical tool. This should ensure its
application for the most complex neurosurgical procedures
such as DBS and SEEG.
SMALL FOOTPRINT
Unlike most other neurosurgical robots, which are hardwarewise converted to classic massive robotic arms, NERO device
is designed and implemented in such a way that it becomes
part of the operating table and thus takes up minimal space
in the operating room. Its design puts special emphasis on
achieving the optimal stiffness to mass ratio, in order to ensure
easy handling of the elements of the device, while minimizing
unwanted deflections.
HIGH DEGREE OF ACCEPTABILITY
The device is expected to have a high degree of acceptability
among neurosurgeons precisely due to the fact that it
represents a direct automation of the standard and generally
accepted manual stereotactic devices, i.e. the so-called arc
system where the target point is always at the center of the
arc curvature. To avoid confusion, surgeons are by nature very
open to new technologies and devices, but the primary problem
is their busy daily schedule and lack of time to assimilate such
new technologies. However, NERO should achieve better
results than the competition because it explicitly relies on
the mentioned manual devices known to surgeons and their
principles.
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NERO device will advance the neurosurgical robotics field as
follows:
1. Massively reduced preparation and surgery duration, with
clear benefits for the patient;
2. Advanced localization procedures resulting in minimally
invasive procedures and improved tool trajectory with further
error reductions;
3 .Comprehensive software framework to steer the new robot
system, enhancing human-robot interaction, clinician training
and collaboration, operation planning and simulation. NERO will
demonstrate and evaluate the viability and practical usability
of the robot in highly relevant neurosurgical applications.
The frame-like robot design minimizes the error in positioning
caused by the inadequate architecture of current open chain
robot solutions. Advanced numerical control algorithms,
comprehensive kinematics and dynamic solutions will result
in further error reductions. NERO also explores advanced and
patient-friendly marker-less registration to enable the precise
localization and registration of the patient’s head. The user
interface will provide an enriched working experience based
on natural two-way communication between the medical staff
and the system in an ICT-enhanced information environment.
A comprehensive software framework will connect all the
system components including the solutions for HRI, staff
training, operation planning and simulation.
The solution contains the frame-based robot fixed to a
standard operation table, with the design and characteristics
of the equipment comparable to the equipment used
in contemporary stereotactic neurosurgery (e.g. Leksell
Stereotactic System). This way, the new frame-based robot will
maintain the capabilities of the existing equipment and bring
advancements in terms of better precision in tool positioning
(0,1 mm device itself) and in reduction of the operation
duration.
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NERO will provide a comprehensive set of functionalities
within the user interface for an efficient, safe and easy-to-
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use framework. The user interface will link the system and
the users by giving them the tool for collaboration, training,
communication, operation planning and simulation. The user
interface will be intuitive and fully adjustable to user needs
with respect to the level of their expertise and experience.

TECHNICAL INFORMATION
o 5 DOF manipulator specializing in neurosurgery
o Power supply: 220 VAC, 50/60 Hz
o Operating voltages: 24, 48 VDC
o Rotation per arc: 210 °
o Arc rotation: 210 °
o Lateral translation: +/- 60 mm
o Medial translation: 200 mm
o Superior translation: 150 mm
o Total linear positioning precision: 0.1 mm
o Controlled by high-precision optical encoders
o Head position measured using rotary encoders
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