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3-DOF Tracker

(Position)




6-DOF Tracker

(Position and Orientation)
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e Cons

— Speed of ultrasound varies with temperature, pressure,
humidity, and turbulence

— Fast signal attenuation

— Ultrasonic ambient noise (e.g., echoes)
— Tethered (?)



Acoustic

multiple
echoes







« At least 4 satellites needed to pinpoint
« 24 satellites in 6 different orbits (4 per orbit)

 Standard positioning system (SPS)
(no longer an issue)

 Precise positioning system (PPS)
 Differential GPS



Garm1
15 m accuracy (GPS)
3-5 m accuracy (DGPS)

Trimble
2-5 m accuracy




e Cons

— Slow update rate
— Imprecise

— Depends on line of sight
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2.1 Outside-In Optical Trackers
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e Gyroscopes

e Accelerometers



« —»(bject-stabilized
axis of rotation

 External rotational
forces can be measured
relative to the rotation
axis







— Wide range

— Low latency
 Cons

— Drift

— Disturbed by gravity

— Sensitive to vibration



the reference point (linear acceleration)
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— Wide range

— Low latency
* Cons
— Drnift
— Disturbed by gravity
— Inaccurate for slow position changes
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targat

Mechanical {inks equipped

Reference with encoders
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— Sinusoidal Alternating Current (AC)
— Pulsed Direct Current (DC)
— Compass

e Inclinometers (Gravitation)






Ascension: Flock of Birds
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Magnetic

++

no metals




Given
orienfation to

the targat
Excited
raceivers
Viscous and “  Non sxcited
apaqua liquid recelvers




Compass +
Inclinometer

++

no metals,
earth
magnetism




e Ultrasound + Inertial



Characteristics /

Measures orientation

Compact, no

Compact, accurate,

Advantages and position, occlusion problems, | small lag, stable
accurate stable solution for
pose position, small
lag (Kalman)
Limitations Unstable, resolution | Long term Occlusion sensitive

degrading with
distance

orientation drift




Characteristics /

Robust, no occlusion

Accurate, insensitive

Accurate, robust,

Advantages sensitivity, to metals, 1nsensitive to
inexpensive, fast, orientation plus environment and
orientation plus position occlusions,
position orientation plus

position

Limitations Inaccurate, sensitive | Unstable, sensitive | Lag due to

to electromagnetic
noise and
ferromagnetic
objects

to occlusions, lag
due to processing

processing of
videometric data
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G = Geschwindigkeit, Verzdgerung, W= Weitiaum ;
P = Prazision, Wiedsrhalbarket %
F.= Fobustheit bei schnellen Bewegungen







DOF 2,3,6

Accuracy 0.5-6mm/0.1 - 0.6 degree
Resolution 0.1 -0.5mm/0.02-0.5 degree
Update rate 25-200 Hz

Range / Orientation span

250 - 4500 mm / 45 degrees

Advantages

Small, light, no distortion

Limitations

Sensative to temperature, pressure, humidity, occlusion and
ultrasonic noise. Low update rate.




DOF 2

Accuracy ~100 m hor, 156 m vert (SPS), 10 times better for PPS
much smaller for differential GPS

Resolution 25.46 m (SPS), 8.51 m (PPS)

Update rate <1000 Hz

Range / Orientation span | Global

Advantages

Worldwide availability, uniform accuracy

Limitations

Sensative to occlusion, currently suited to large scale
tracking




easured variable ape of target features in a video image
DOF 3,6
Accuracy 0.1 -0.45 mm / 1/2800 of camera’s field of view /2 - 15
mrad
Resolution 1/1000 to 1/65536 of camera’s field of view / 0.01 - 0.1 mm
Update rate 50 - 400 Hz

Range / Orientation span

Up to 6000 mm / 8.8 - 27 degrees

Advantages

Good update rate

Limitations

Sensitive to optical noise, spurious light, ambiguity of
surface and occlusion




DOF 3,6

Accuracy 2 - 25 mrad

Resolution Diminishes with range of operation
Update rate Up to 1500 Hz

Range / Orientation span

In principle, scalability is unlimited (UNC tracker)

Advantages

Better resolution than outside-in systems, scalability

Limitations

Sensitive to occlusion.




axis attached to the object

DOF 1-3

Accuracy 0.2 degrees, static drift 0.01 deg/s, dynamic drift 0.25 deg/s
Resolution 0.032 degree

Update rate 50 Hz

Range / Orientation span

132 degrees in yaw, 360 degrees in roll

Advantages

No reference model needed

Limitations

Error increases with time since measurements are relative to
previous ones --- “drift”




DOF 1

Accuracy 0.0075 g
Resolution 0.0001 g
Update rate Up to 1500 Hz
Range / Orientation span | Unlimited

Advantages

No reference needed; light

Limitations

Errors in position due to integration




DOF 1-6

Accuracy 0.1 -2.5 mm

Resolution 0.05-1.5mm/0.15 - 1 degree

Update rate Depends on data acquisition capabilities (~ 300 Hz)

Range / Orientation span

1.8 m / 40 degrees; limited by the weight and deformation
of the mechanical structure with distance from reference.

Advantages

Good accuracy, precision, update rate, and lag. No
environmental linked error.

Limitations

Encoder resolution, limitation of motion.




DOF 6

Accuracy 0.8 mm - 25 mm (75 mm - 5 m) / 0.15 - 3 degrees
Resolution 0.04 mm - 0.8 mm / 0.025 - 0.1 degree

Update rate 15 - 120 Hz divided by number of emitters

Lag 4- 20 ms

Range / Orientation span | Up to 5000 mm / 360 degrees

Advantages No occlusion problem, high update rate, low lag,
inexpensive, small

Limitations Small working volume, distortion of accuracy with distance,
sensitive to electromagnetic noise and metallic objects,

eddy currents by induction in metal sheets




DOF 1

Accuracy Up to 1 degree
Resolution 5 nT (nano-Teslas)
Update rate 300 Hz

Range / Orientation span

Advantages

No reference needed

Limitations

Unknown




DOF 1

Accuracy Up to 0.1 degrees
Resolution Up to 0.03 degrees
Update rate Up to 40 Hz

Range / Orientation span

Advantages

No reference needed

Limitations

Reaction time degraded by viscosity of liquid




