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Abstract— In this paper, an original workflow is presented
for MR image plane alignment based on tracking in real-time
MR images. A test device consisting of two resonant micro-coils
and a passive marker is proposed for detection using image-
based algorithms. Micro-coils allow for automated initialization
of the object detection in dedicated low flip angle projection
images; then the passive marker is tracked in clinical real-time
MR images, with alternation between two oblique orthogonal
image planes along the test device axis; in case the passive
marker is lost in real-time images, the workflow is reinitialized.
The proposed workflow was designed to minimize dedicated
acquisition time to a single dedicated acquisition in the ideal
case (no reinitialization required). First experiments have shown
promising results for test-device tracking precision, with a mean
position error of 0.79 mm and a mean orientation error of 0.24◦.

I. INTRODUCTION

INTERVENTIONAL magnetic resonance imaging (MRI)
is gaining interest for real-time monitoring of percutaneous
procedures, such as ablations of tumors, biopsies and infil-
trations. Its advantages over interventional computer tomog-
raphy (CT) include absence of radiation exposure for both
patient and medical staff, better soft tissue contrast and free
image plane orientation and positioning. Nevertheless, man-
ual alignment of the image planes to the interventional tool
is a time-consuming task requiring trained MR technologists.
Several methods have been presented in the past for object
detection and automatic scan plane alignment, either based
on active or passive tracking devices.

On one hand, systems using active tracking devices rely
on wired micro-coils [1] or optical tracking systems [2].
For approaches based on the measurement of MRI gradient
fields, receiver coils are embedded in a device to determine
its position and orientation without using the acquired images
[1]. For active device tracking, the requirement of dedicated
tracking gradients during the MRI sequence, consideration
of coil heating and expensive instrumentation are inherent
drawbacks to these systems, which are connected by wire to
the MRI hardware.

Optical systems use cameras and markers in order to
determine the orientation and position of an object inside the
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MRI scanner [3] [4]. However, these optical systems require
both an accurate calibration and an unobstructed line-of-sight
between the marker and the camera located outside of the
MRI scanner.

On the other hand, systems using passive tracking devices
apply MR image-based tracking approaches. In [5] the
signature of a ferromagnetic object is tracked in 3D using
a correlation function applied to a projection of the signal
on each of the three MRI axes. Even though this method
seems to overcome the following passive tracking systems
in precision and acquisition time, the use of a ferromagnetic
object results in high susceptibility artifacts in the image.

In [6] a stereotactic frame is used. The frame consists of
acrylic plastic with seven embedded glass cylinders filled
with a contrast agent. The intersection points of the glass
cylinders with only one scan plane allow to determine the
position and orientation of the frame. The main limit of the
system is the bulkiness of the stereotactic frame. Smaller
systems have been proposed based on the use of one [7] [8]
or two [9] cylindrical passive markers. Two tracking image
planes are then acquired orthogonally to the main axis of the
marker, the intersection of the cylinder is detected in both
planes in order to calculate the orientation and position of
the marker. Main limitation of this approach is the need for
two dedicated tracking image planes for the acquisition of a
single marker-aligned image plane.

Another technique is based on the use of resonant micro-
coils that are tuned to the Larmor frequency of the scanner.
In low flip angle acquisition, only very small signal is
received from anatomical structures, while the micro-coils
are depicted as bright regions in the image. Thus detection
of micro-coils can be easily achieved by intensity-based algo-
rithms [10]. Position and orientation of a micro-coil equipped
device can be computed from projections of the micro-coils’
signal on 2 orthogonal scan planes [11]. However, micro-
coils have the main drawback of requiring dedicated low flip
angle images, that are unusable for image-guided procedures
due to the lack of signal from anatomical structures.

Main advantages of most image-based tracking techniques
are that they need neither expensive instrumentation nor
any calibration, as markers and patients are depicted in the
same images. Nevertheless, image-based tracking methods
usually require user dependent manual initialization and
reinitialization steps.

In this paper we evaluate the feasibility and primary
results of a hybrid workflow using a detection and tracking
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algorithm for a passive marker and resonant micro-coil
fiducials. This image-based tracking workflow is designed for
fully automated image plane alignment, with minimization
of tracking-dedicated time.

II. MATERIALS

A. Micro-coils

In-house micro-coils are built in a similar manner as in
[4]. A total of 6 turns of 0.4 mm diameter enameled wire are
wound around a 7.5 mm diameter plastic tube (Eppendorf) in
order to obtain an inductance of around 300 nH and a quality
factor larger than 60. A 22 pF capacitor is soldered in series
to the inductance. A network analyzer is used during fine-
tuning of the micro-coil resonance frequency to 63.68 MHz
(Larmor frequency of the 1.5 T MRI scanner) by spreading
its windings. As soon as the resonance frequency is tuned,
windings are fixed with superglue. Finally, the tube is filled
with a 1/100 contrast agent (Gd-DTPA 0.5 mM) dilution in
water in order to obtain a signal in the MR images (Fig. 1a).

B. Passive Marker and Assembled Test Device

The passive marker is a plastic tube (length: 10.5 cm,
diameter: 1.4 cm) filled with the same contrast agent solution
as above (Fig. 1b). The test device is made of two resonant
micro-coils rigidly fixed at the endings of the passive marker
(Fig. 1c).
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Fig. 1: (a) Micro-coil wound around a plastic tube that
is filled with contrast agent solution. (b) Passive marker
consisting of a plastic tube that is filled with the same
contrast agent solution. (c) Assembled test device with 2
micro-coils at endings of the passive marker.

III. METHODS

A. MRI settings

All experiments were performed using the body coil in
an open bore 1.5 T MRI scanner (MAGNETOM Aera,
Siemens AG, Erlangen, Germany). An interactive, real-time,
multi-slice TrueFISP sequence (Beat IRTTT [12], Siemens
Corporate Research & Technology, USA) was used for image
acquisition. The passive marker is used for detection in
clinical real-time images. Imaging parameters of the clinical
real-time sequence include: matrix 202×224, FOV 400×400
mm2, spatial resolution 1.79×1.79 mm2, slice thickness 4
mm, TE 2.2 ms, TR 4.1 ms, flip angle 50◦, bandwith 260
Hz/Px, temporal resolution 819 ms. The two micro-coils are

used for detection in dedicated low flip angle acquisitions
with the same imaging parameters except: slice thickness
100 mm and flip angle 1◦. These projection images are not
clinically usable by the physician.

B. Workflow

The objective of the presented workflow is to automat-
ically control the 2 oblique image planes (transversal and
sagittal) to align along the main axis of the previously de-
scribed test device. This workflow was designed to minimize
tracking dedicated acquisition time, i.e. use of projection
images.

1) Initialization: A dedicated low flip angle transversal
projection at the MRI scanner isocenter is acquired (Fig.
2a). After detection of the two micro-coils, the position
and orientation of the test device is calculated. Imaging
coordinates of a simple oblique sagittal plane aligned on the
main axis of the test device are calculated and sent to the
MRI scanner (Fig. 2b).

2) Image Plane alignment: A real-time simple oblique
sagittal image is acquired with the previously calculated
coordinates (Fig. 2c). The passive marker is then detected,
its orientation and position are calculated and used for the
definition of a double oblique transversal image plane along
the main axis of the test device (Fig. 2d). A real-time image is
acquired with the calculated coordinates (Fig. 2e). Detection
is repeated in the transversal image plane for the definition
of an updated simple oblique sagittal image plane along the
main axis of the test device (Fig. 2f). This step is repeated
as desired for image plane updates on current test device
positions. If detection of the passive marker on one of the
simple oblique image planes fails, a reinitialization of the
workflow is necessary (step 3).

3) Reinitialization: This step is similar to step 1 except
the dedicated transversal projection is centered at the last
correctly detected position of the passive marker.

C. Image Segmentation

1) Segmentation of Micro-coils: The segmentation of the
micro-coils is performed by using the phase-only cross-
correlation (POCC) algorithm [13]. The normalized cross-
correlation between the projection image and a self-made
micro-coil search-pattern is carried out in k-space. After in-
verse Fourier Transform of the normalized cross-correlation,
the micro-coils can be detected as local maxima.

2) Segmentation of the Passive Marker: The first step
for the segmentation of the passive marker is a preliminary
segmentation by thresholding in order to distinguish the
image background and regions of interest (ROI). Before
thresholding (Fig. 3a), a Gaussian diffusion filter is applied
on the image in order to avoid over-segmentation caused
by small anatomical structures inside the patient’s body.
An efficient threshold can be found at the local minimum
after the highest pixel intensity in the histogram of the
filtered image (Fig. 3b). After thresholding, morphological
operations are applied on the image in order to fill the holes
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Fig. 2: Workflow with real-time and dedicated projection
images and the corresponding space acquired inside the MRI
scanner (left column).

in segmented objects and to separate distinct objects that
have been linked due to thresholding (Fig. 3c).

The second step is to find the ROI containing the passive
marker. The biggest ROI is discarded, as the biggest seg-
mented object in the image is the patient’s body. Moreover,
a size criterion is applied on the rest of the ROIs in order
to discard any potentially segmented micro-coil (Fig. 3d).
Afterwards, the ROI containing the pixel with the highest
intensity is considered to be the ROI that contains the marker.
This is based on the assumption that the passive marker is
filled with contrast agent that gives a very bright signal in
the image. Nevertheless this assumption is not true for the
original image, as the patient’s body and the micro-coils
are also regions of high pixel intensities. Note that signal
intensity in the micro-coils can not be used for tracking in
clinical images as their intensity varies a lot with imaging
parameters due to high quality factor.

Third step is to segment the passive marker inside the
chosen ROI. As the physician’s hand that is holding the
marker is also depicted in the image, parts of it can be
contained in the ROI together with the marker. Once again
a Gaussian diffusion filter is applied in order to avoid over-
segmentation of the small anatomical structures inside the
depicted hand. Afterwards, thresholding using Otsu’s method
[14] is applied in order to segment the marker from the
background of the ROI (Fig. 3e).

The correctness of the segmentation is evaluated based on
a plausibility check using the shape of the segmented object.

First and second moments of the segmented object are used
to determine its position and orientation, respectively. An
ellipse is fitted to the segmented object and its eccentricity
is used in order to verify if the tube-shaped passive marker
has been detected (Fig. 3f).

Detected ROIs

Detected objects (by Anisotropic diffusion)

Image thresholded by parameters of gaussian curve

a b 

c d 

e f 

Fig. 3: Detection of position and orientation of the passive
marker on a clinical real-time sagittal oblique image.

D. System Architecture

Communication between the MRI HOST PC and an
external PC is performed via an Ethernet connection and a
proprietary Siemens protocol (ReModProt, Siemens Corpo-
rate Research & Technology, USA). The MRI host PC sends
the acquired images to the external PC where the images are
displayed and image processing and image plane calculations
are performed. Afterwards, the commands for position and
orientation of the image plane are returned to the MRI HOST
for an image plane update. The communication interface on
the external PC was implemented in C++ using open source
libraries such as Qt, Insight Toolkit (ITK) and Visualization
Toolkit (VTK).

E. Precision Assessment

The tracking workflow was repeated 20 times at a given
position, as follow: 1 dedicated transversal projection at
isocenter for initialization, followed by 3 clinical real-time
images (first sagittal, first transversal and second sagittal
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Position error [mm] Sagittal 1 Transversal 1 Sagittal 2
Mean 0.90 0.74 0.73
Standard deviation 0.61 0.55 0.40
Orientation error [◦] Sagittal 1 Transversal 1 Sagittal 2
Mean 0.27 0.25 0.19
Standard deviation 0.17 0.17 0.10

TABLE I: Errors for the image position and orientation, for
each of the 3 first real-time images of the workflow.

images) for passive-marker image plane alignment. For each
of the 3 clinical real-time image planes, the test device po-
sition and orientation are calculated. The mean and standard
deviation of the error in position and orientation, respectively,
are calculated to assess the test-device tracking precision.

IV. RESULTS

Mean and standard deviation of the error in position and
orientation, respectively, are displayed in table I for each of
the 3 first clinical real-time image planes of the workflow.
Mean position error is on the order of half a real-time clinical
image pixel (0.79 ± 0.52 mm), while mean orientation error
is 0.24◦ ± 0.15◦.

V. DISCUSSION

In this work, a workflow for MR image plane alignment
based on detection and tracking in real-time clinical MR
images, without any active tracking device, is presented. A
test device, an image-based tracking algorithm and a software
interface have been developed. First experiments have shown
promising results for test-device tracking precision, with a
mean position error of 0.79 mm, i.e. about half a pixel in real-
time clinical images, and a mean orientation error of 0.24◦.
The proposed workflow was designed to minimize dedicated
acquisition time. In the ideal case, only one dedicated, non-
clinically relevant projection image is acquired for the ini-
tialization of test device detection. The proposed test device
is an original combination of 2 wireless resonant micro-coils
and a passive marker. The micro-coils allow for an automated
object detection, hence no manual user initialization step is
required. Test device tracking is then performed directly in
the clinical real-time images through detection of the passive
marker. Alternation of axial and sagittal imaging planes allow
for a good spatial depiction of the anatomy, necessary for
medical procedure. Time for updating a sagittal from an
axial image or vice-versa includes acquisition and image
reconstruction time as well as time for PC communication
protocol and detection algorithm. The current update rate is
1.2 s (axial to sagittal or vice-versa). Further experiments will
be carried out for the evaluation of the tracking performance
for a given motion of the test device.
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