
27 October 2005

Chair for Computer Aided Medical Procedures & Augmented Reality

Department of Computer Science | Technische Universität München

Chair for Computer Aided Medical Procedures & Augme nted Reality |    wwwnavab.cs.tum.edu

tracking and navigation
with applications in computer
aided surgery

Joerg Traub



CAMP  |  Department of Computer Science  |  Technis che Universität München  | 27 October 2005 2

Chair for Computer Aided Medical Procedures & Augme nted Reality |    wwwnavab.cs.tum.edu

minimally invasive surgery :: 
laparoscopy

operating room @ klinikum rechts der isar – prof. feussner
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tracking and navigation :: 
motivation
� medical GPS – “global positioning system”
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tracking and navigation :: 
example CAS

Intraoperative imaging

Tracking

Visualization

orthopedics surgery @ klinikum innenstadt (dr. euler & dr. heining) 
using the medivision navigation system
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tracking and navigation :: 
example AR
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tracking and navigation :: outline

� motion tracking

� coordinate systems and transformations

� tracking systems

� mechanical tracking

� optical tracking

� electromagnetic tracking

� hybrid tracking

� applications in computer aided surgery
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motion tracking

� view control

� navigation

� object selection 
or manipulation

� instrument tracking

� avatar animation 
(virtual character animation)
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subject for tracking

� surgical Instruments

� laparoscopic tools

� drills

� biopsy needles

� catheter

� imaging devices

� mobile c-arm

� US / laparoscopic US

� intraoperative probes

� endoscopes
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tracking :: example CAS

c-arm

&  tools 
(e.g. ports & drill)

In the same
coordinate system

tracking of
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tracking :: example AR

Augmented View

ART Tracking Cameras

Liver Dummy with Fiducials

Tracking Target 

Laparoscope
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coordinate transformation :: 
example CAS

icsTccs = (ccsT tcs)
-1   icsT tcs

TCSicsTtcs

ICS

CCS

ccsTtcs

p2D = P  ccsTocs (ccsTtcs)-1   icsTtcs
mcsTics p3D
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coordinate transformation :: 
example AR
� calibrate the laparoscope (distortion and intrinsic parameters)

� estimation of the rigid transformation of the camera center and 
the target attached to the laparoscope

� point based registration of the liver model
into the tracking coordinate system

� tracking of the laparoscope and 
update the projection of the 
virtual model

P
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tracking systems :: overview

� optical tracking

� fiducial based vs. natural landmarks
� active vs. passive markers

� inside-out vs. outside-in

� electromagnetic tracking

� mechanic link (e.g. via robot API)

� inertial tracking

� acoustic tracking

� GPS
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tracking systems :: requirements 
for CAS
� accuracy (mm / sub mm) 

� precision (mm / sub mm)

� robustness

� reliability

� availability

� usability (ease of use)

� sterilizable

decreasing precision

decreasing accuracy
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tracking systems :: optical 
tracking
� technology: camera takes images, features 

are extracted and compared to a model 
of a visible object
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tracking systems :: optical 
tracking
� technology: camera takes images, features are extracted and 

compared to a model of a visible object

� biological counterpart: the eyes / visual system

� extrinsic parameters (position of the camera relative to a reference 
object) can be extracted by

� 7 corresponding points in a space are needed for an unknown
camera

� 6 are needed for a known camera

� 5 points in a plane for an unknown camera

� 4 points in a plane for a known camera

� 3 points for two known cameras

� unknown camera: intrinsic camera parameter (chip size, focal length, 
principal point, lens distortion) are unknown
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optical tracking :: fiducials vs. 
natural landmarks

artificial marker 
(= fiducials)

� model of fiducials is known in 
general

� optimized fiducials for certain 
feature extraction algorithms

� improves the accuracy of 
a measurement

� fast feature extraction 
algorithms possible

natural landmarks
(= markerless tracking)

� large area application have to 
rely on natural landmarks

� model of the landmarks has 
to be generated

A.R.T. GmbH
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optical tracking :: active vs. 
passive markers
active markers

� needs a source of power

� bright, large range of view

� allows for a high update rate 

� can be identified by triggering

Passive markers

� identification cost either 
accuracy, flexibility or CPU 
time

� without metal

� cheap, easy to make

� without cable

Polaris with 
active tools
by NDI

Polaris with 
passive tools 
by NDI
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optical tracking :: summary

� high accuracy (< 1 mm)
(depending on the baseline and the distance of target to cameras)

� outside-in offers high accuracy in position

� inside-out offers high angular accuracy

� line of sight problem

medical relevance: high (fiducial based), markerless : low
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optical tracking :: examples

� NDI Optotrak: three IR line camera, active markers
update rate 9-4600 Hz, accuracy < 1mm 
http://www.ndigital.com/certus.php

� A.R.T: two IR cameras, passive markers,
update rate 60Hz, accuracy < 1mm
http://www.ar-tracking.de

� Non commercial: one camera (e.g. webcam), passive markers 
(paper prints), update rate 30Hz, accuracy ~1cm
http://www.hitl.washington.edu/artoolkit
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tracking systems :: mechanical 
tracking
� technology: Object to track is attached to mechanical link, angle 

in junctions are measured by sensors

� biological counterpart: haptics + sense of preprioception
(if you hold something with your hand you know where it is!)
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mechanical tracking :: summary

� high update rate

� high accuracy (< 1 mm)
(the more junctions and the longer the links, the worse the measurement)

� tracking of a robot for free by robot API

� practical problem of mechanical link: range of use, weight, link
might be in the way

medical relevance: low, only in robotically assiste d surgery
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tracking systems :: 
electromagnetic tracking
� technology: sender emits a magnetic field, sensor measures its 

field vector and calculates its position  and orientation from it

� basic idea like a compass

Aurora by NDI
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electromagnetic tracking :: 
examples
� Ascension Microbird http://www.ascension-

tech.com/products/microbird.php

� 6DOF

� NDI Aurora http://www.ndigital.com/aurora.php

� 5 DOF
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electromagnetic tracking :: 
summary

� high update rate (>100Hz)

� no line of sight problem

� small area of high accuracy: 20 cm - 60 cm from transmitter

� environment (especially ferromagnetic material) distorts the 
magnetic field and thus the measurement strongly

� limited amount of tracking probes possible

medical relevance: high (only way to track flexible  instruments

without fluoroscopy imaging)
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tracking systems :: summary
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hybrid tracking system

what is hybrid:

something that has two different types of components performing 
essentially the same function (merriam-webster online)

hybrid tracking:

� combination of two tracking system to 

� overcome their individual shortcomings 

� increase accuracy and precision

� increase robustness and availability
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hybrid tracking :: optical & 
electromagnetic

optical tracking

� line of sight

electromagnetic tracking

� magnetic field distortion

� low accuracy

� small tracking volume

� small numbers of sensors

hybrid system

� high accuracy as long as line of sight available

� dynamic magnetic field distortion correction

� higher tracking volume and flexibility
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applications :: navigated 
bronchoscopy
� evaluating peripheral localized pulmonary lesions 

� not directly be visualized in the endoscope

thanks to a. schneider (MITI - www.miti.med.tum.de)

x-ray navigated electomagnetic navigated
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SEP :: implementation of a 
visualization interface for 
navigated bronchoscopy

more info :: see wwwnavab.in.tum.de :: student projects
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application :: laparoscope 
augmentation
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DA / master’s thesis :: 
laparoscope tracking using an 
inside-out tracker

more info :: see wwwnavab.in.tum.de :: student projects
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thanks for your 
attention


