
  

  

Abstract— This paper proposes a three-dimensional (3D) 
orientation tracking method of a 3D magnetic sensor embedded 
in a 2.5 mm diameter electrode. Our system aims to be used 
during intraoperative surgery to detect the orientation of 
directional leads (D-leads) for deep brain stimulation (DBS). 

I. INTRODUCTION  

Solving the positioning challenges of neurosurgical tools 
like deep brain stimulation (DBS) electrodes using 
electromagnetic tracking (EMT) has recently been 
investigated [1], but their orientation is still not completely 
handled. Especially for DBS, the tracking of the orientation is 
getting more interest with the development of directional leads 
(D-leads) [2]. D-leads are designed to adapt the volume of 
stimulation to avoid stimulation induced adverse effects by 
steering the directions of horizontal currents. A precise 
positioning with a known orientation around the electrode axis 
(yaw angle) for the programming of D-leads requires therefore 
a good control of their orientation making it more challenging 
to implant than conventional DBS leads. D-leads often exhibit 
large deviations from the intended implantation direction [2]. 
The aim of the present work is to evaluate the precision of yaw 
angle detection using an EMT system under development. 

II. METHODS 

Our EMT system is composed of a magnetic field generator 
(in-house 3D Helmholtz coil) and a single 3D integrated 
magnetic field sensor (Hall effect sensor AK9970D [3], 
maximal output data rate of 100Hz) mounted at the tip of a 
brass tube mimicking the DBS electrode. Due to prototyping 
constraints, we have designed the tip with 2.5 mm diameter. 

 
Figure 1. Experimental setup: 3D Helmholtz coil (left), Leksell Stereotactic 
frame, magnetic field sensor (right red zoom) and the three associated angles.  

The tracking algorithm was based on Kuipers’ resolution 
method [4]. To compare the outcomes of our algorithm, we 
used the stereotactic Leksell frame and arc (Elekta, Sweden) 
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as a reference to control the rotation over the yaw axis (see 
Figure 1). The yaw angles were measured between 0° and 
340° with 20° steps. An average of 70 magnetic field 
acquisitions for each angle measurement was used. 

III. RESULTS 

 
Figure 2. Scattered plot graph showing rotational yaw angles  measured by 

our EMT system with the Kuipers’ algorithm. 

The EMT system tracked the angle with a mean absolute error 
of 2.46° and a standard deviation of 2.17°. 

DISCUSSION 
The results we obtained approach the standard deviation 

1.5° measured using a CT-artifact detection algorithm [2]. 
Smaller commercially available sensor chips, possibly with a 
wafer-level packaging, will allow further miniaturization 
probably leading to a higher measurement accuracy and 
integrability into clinical DBS leads (1.27-1.4 mm diameter).  

This new approach could be used by the surgical team to 
detect internal rotation of the electrode during the 
implantation and to provide relevant information to tune the 
stimulation parameters accordingly. 
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