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Today: Use of optical tracking systems and cutting guides for bone-cutting procedures

handheld saws
would be a valuable improvement to the navigated surgery system
and make cutting guides unnecessary

servo-control

The system compares tool position and desired cutting planes and corrects errors.
Possible error sources are:

• surgeon makes unintentional motion

• change of bone structure causing tool deviation

need for fast tracking
For servo-control, the saw has to be tracked

Current optical tracking systems are not suitable: maximal frequency of 60Hz and
important latency.

• at a high frequency

•with low latency.

new tracking system
We are developing a faster tracking system with a bandwidth of 200Hz or more. We added an
inertial measurement unit (IMU) to the optical tracking system. Optical and inertial sensor data
are combined in a data fusion algorithm to estimate the tool position and orientation.

Influence of tracking bandwidth on performance of servo-controlled bone-cutting
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+ accelerometer We used a simple model for a handheld tool:
- the goal is to cut along y at a position
z = 0.
- its motion is constrained along z
- the disturbance d acts along z
We simulated a cut along z = 0 at a speed
of 0.5cm/s. A disturbance occurs between
t = 2.002s and t = 2.202s.

Simulation of the model with three different tracking
and control strategies:

• system 1: uses only optical measurements

• system 2: uses optical and inertial measurements

• system 3: like system 2, but tracking and con-
trol are more tightly coupled

Result: Optical-inertial tracking reduces the de-
viation caused by a disturbance considerably and
thus improves the quality of the bone cut.
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Optical-inertial tracking for handheld tools
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Mathematical model:
The dynamics equations read

C ṗ = Cv
C v̇ = CG + BCq ∗ (am − Bab) ∗ BCq−1

BC q̇ =
1

2
BCq ∗ (ωm − Bωb)

and the biases obey Bȧb = 0 and Bω̇b = 0.

Cp: sensor unit position
Cv: velocity
BCq: quaternion (representing orientation)
Bab: accelerometer bias
Bωb: gyroscope bias
CG: gravity vector in camera coordinates

The outputs are the marker images.

yi =
f

〈Cmi,CE1〉

[
〈Cmi,

CE2〉
〈Cmi,

CE3〉

] f : camera focal distance
〈a, b〉 denotes the scalar product of vectors
a and b
Cmi =

Cp+ BCq ∗ Bmi ∗ BCq−1: position
of marker i

Data fusion filter:
A Multiplicative Extended Kalman Filter (MEKF) for our optical-inertial tracking system:

C ˙̂p =C v̂ +Kpey
C ˙̂v =CG + BC q̂ ∗ (am − Bâb) ∗ BC q̂−1 +Kvey

BC ˙̂q =
1

2
BC q̂ ∗ (ωm − Bω̂b) +

BC q̂ ∗Kqey

B ˙̂ab =Kaey
B ˙̂ωb =Kωey

with output error ey = ym − ŷ. Variables C p̂, ..., ŷ are the estimated variables.

High-bandwidth tracking
The data fusion algorithm is executed at the inertial frequency. Inertial sensor frequencies lie
between 100 and 1000Hz. Thus the tracking runs at a high bandwidth.

Low-latency tracking
direct approach:
optical data is used directly as mea-
surement in data fusion algorithm
to save computation time

inertial data

optical data

direct
EKF

inertial data

optical data

indirect
EKF3D position

computation

low latency approach: “standard” approach:

Experimental setup and results
stereo image sensors sensor unit

linear rail

Camera system with Wiimote image
sensors and microcontroller for data
acquisition on the left.
Sensor unit with optical markers (in-
frared LEDs) and an IMU inside (not
shown).
Setup: optical sample rate: 12.5Hz.
inertial sample rate: 250Hz. The da-
ta fusion filter is executed in real-
time.
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resolver 250Hz, rel. to RIEKF
optical 12.5Hz
direct RIEKF 12.5/250Hz

Experiment: Fast oscillating motion with
an amplitude of 1cm.
Result: The optical-inertial tracking system
detects the motion correctly. Purely optical
tracking cannot follow oscillating motion.
This shows that the higher bandwidth of the
optical-inertial system improves tracking of
fast motion.

Conclusion •We propose a novel
optical-inertial tracking system
with a high bandwidth and low latency

•MEKF for data fusion

• inertial sensors increase bandwidth

• direct approach reduces latency

• tracking system is to be used with servo-controlled handheld tools for surgery

• simulation shows that optical-inertial tracking improves disturbance rejection during bone-cutting

• experimental results show positive effect of high bandwidth on tracking performance
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Ubiquitous Service Management and Reasoning Architecture, a product of the AMUPADH Project 

Handling User Interface Plasticity in Assistive Environment
T. Tiberghien, M. Mokhtari, H. Aloulou, J. Biswas, Zhu J., Lee V.Y.

IPAL, Image & Pervasive Access Lab - CNRS UMI 2955 [I²R/A*STAR, NUS, UJF, TELECOM, UMPC/Sorbonne] - Singapore
www.ipal.cnrs.fr   |   http://ipal.i2r.a-star.edu.sg

▪ integrability & deployability
▪modularity & collaboration
▪ service-oriented approach
▪ semantic environment representation

Framework

▪ lightweight
▪ implementable
▪ non-invasive
▪ deployable
▪ cost-effective
▪ power-effective

Sensing

▪ from micro-context to macro-context
▪multiple reasoning mechanisms
▪modular integration
▪ semantic description of contribution
▪ ambient & object-based activity recognition

Context

▪ reminders (elderly)
▪ notifications (caregivers)
▪ home-control
▪ communication

Services

▪ seamless user experience
▪ context-aware interaction
▪ polymorphism & multi-modality
▪ adapted and personalized interface
▪ pervasive, ambient access

User Interface Plasticity

▪ service discovery
▪ context-aware selection
▪ respond to user needs

Service Provider

Context Producer

Context Synthetiser

Context Consumer

Knowledge Base [KB]
based on RacerProSensor 

Module

Acquisition 
Module

Service 
Selection 
Module

Service

ServiceService

Service

User Interface 
Plasticity 
Module

Interaction 
Handler

Context 
Stream

Context 
Understanding 

Module

UI Parser

Service 

Management

Context 

Awareness

Service 

Delivery

Semantic Inference of the Knowledge Base

name
snoozeTime

People

hasContext
hasModel

name
model

Context

busy

SuperUser
stageForAlert

User

Location

Activity

solved

Deviance

Reminder

ackHandled
acknowledgement

Notification

name
model
repeat
id
timeSent
stage

Service

name

Device

hasModel

hasSuperUser

toPeople/aboutPeople

hasSolvingContext

generateService

usedByPeople

escalateTo

hasAckService

inLocation

onDevice

service s, people p, location l, device d, activity a

(s toPeople p) ∧ (p hasContext l) ∧ (d inLocation l) ⇒ (s onDevice d)

(p hasContext a) ∧ (a handsOn true) ∧ (d handheld true) ⇒ (d fitted false)

[KB skeleton] Legend

data property

Class

object property

subClassOf

- A framework supporting context-aware service provisioning & interaction -


