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Overview

This document describes the necessary hardware modifications required to implement 
closed-loop craniotomies with a Neurostar robot stereotaxic (http://www.neurostar.de). It 
assumes you have purchased a Neurostar drill robot and are familiar with basic Arduino 
configuration.

Note: the software currently only works with the TS5 controller from Neurostar. This is 
an old controller that is no longer being sold. If you have a TS6 controller, you’ll need to 
contact Neurostar to encourage them to open up the interface for the TS6.

To find out which controller you have, go to Devices and Printers (Windows) or System 
Information (Mac) and look at the name of the Neurostar USB controller.

�
The Neurostar drill robot in its original form. In order to implement closed-loop craniotomies, you will need 
to replace the drill (optional, but recommended) and build an impedance-measurement circuit.
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Parts list

In addition to the Neurostar robot, you will need the following parts to use the 
SurgeryRobot GUI:

Description Vendor Model # Price Qty Link

Electric carving tool Ram Products 4161000 $274.95 1 link

End mill, .012” diameter McMaster-Carr 8832A13 $67.98 1 link

Ball bearing McMaster-Carr 60355K41 $6.33 1 link

Conductive epoxy MG Chemicals 8331 $42.95 1 link

Conductive grease MG Chemicals 846 $13.68 1 link

Drill holder see below

1 MΩ resistor SparkFun COM-11852 $0.95 1 link

1 µF capacitor SparkFun KIT-13698 $6.95 1 link

Breadboard SparkFun PRT-12002 $4.95 1 link

Hookup wire SparkFun PRT-11375 $16.95 1 link

Arduino Uno SparkFun DEV-11021 $24.95 1 link
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http://www.treelineusa.com/ram-micromotor.html
http://www.mcmaster.com/#8832A13
http://www.mcmaster.com/#60355K41
https://www.amazon.com/MG-Chemicals-Two-Part-Conductive-Adhesive/dp/B003BDMJSY
https://www.amazon.com/MG-Chemicals-Carbon-Conductive-Grease/dp/B005T8ROWA/ref=sr_1_3?ie=UTF8&qid=1408384307&sr=8-3&keywords=silver+conductive+grease
https://www.sparkfun.com/products/11852
https://www.sparkfun.com/products/13698
https://www.sparkfun.com/products/12002
https://www.sparkfun.com/products/11375
https://www.sparkfun.com/products/11021


Replacing the drill

We replaced the drill that ships with the 
Neurostar system with a micromotor carving tool 
(typically meant for woodworking).

It can be purchased from http://
www.treelineusa.com/ram-micromotor.html.

The advantages are:

•  Accepts 1/8" shaft diameter bits by default 
(and includes adapters for 1/16" drill bits); 
the Neurostar drill only accepted one size 
(3/32”)

•  Adjustable speed up to 45,000 RPM; the 
Neurostar drill only had one (considerably 
slower) speed

•  Solid construction, with no play in the drill 
bit

Unlike the default Neurostar drill, this drill must 
be controlled manually (i.e., it cannot be stopped 
and started by the software). It also requires a 
custom adapter to fit onto the Neurostar 
stereotaxic (download the Solidworks Part here)
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http://www.treelineusa.com/ram-micromotor.html
http://autosurgery.org/data/DrillHolder_modified_commercial.SLDPRT


Impedance measurement circuit

The impedance measurement circuit is conceptually quite simple. The analog input 
(AIN) pin of an Arduino is connected to the 5V pin via a resistor chosen by the 
experimenter (RTEST). The same pin is then connected to ground (GND) through the drill 
bit and the animal (RANIMAL). If the RTEST << RANIMAL, as will happen when the drill bit is in 
air or in the skull, then AIN will be drawn to 5V and the Arduino will read a high value 
from the input pin. However, as soon as the drill breaks through the skull and contacts 
the cerebrospinal fluid, RTEST >> RANIMAL, drawing AIN to a low value. Setting a threshold 
on the value of AIN is an easy way to determine whether or not the drill has reached the 
bottom of the skull.

The circuit can be constructed with an Arduino, a resistor (1 MOhm is a good value), 
and a few wires. A capacitor (1 µF) is added to reduce line noise contamination.
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To connect a wire to the drill bit, a sealed ball bearing is used.

�
1. Slide the ball bearing over the end mill shaft
2. Use conductive epoxy to connect the inner race of the bearing to the end mill
3. Solder a piece of hookup wire to the outer race of the bearing (all-purpose flux will 

be necessary to solder to the stainless steel)
4. Remove the plastic covers from each end of the bearing, fill the interior space with 

conductive grease, and replace the plastic covers.

To prepare the Arduino, load it with the standard Firmata firmware (Examples > Firmata 
> StandardFirmata). This will enable the SurgeryRobot GUI to communicate with it 
properly.
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https://www.arduino.cc/en/Reference/Firmata

