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you want to track a user’s body motion 
(e.g. as input for a game). 

how would you do it? 
list all the different methods (at least 5)

<1 min brainstorming>



optical tracking:

structured light



structured light:
• project a known pattern onto the scene 
• infer depth from the deformation of that pattern

Zhang et al, 3DPVT (2002)



• typically IR light and IR cameras are used (invisible) 
• the first Kinect used this approach



Kinect only ‘sees’ a pattern of stretched ellipses

here’s what the algorithms  
compute from this:



so can we use more  
than 1 Kinect at the same time?

<30s brainstorming>



so can we use more  
than 1 Kinect at the same time?
no, the different projected patterns overlap  
and can no longer be clearly recognized
-> very noisy tracking



so can we use more  
than 1 Kinect at the same time?
no, the different projected patterns overlap  
and can no longer be clearly recognized

or maybe we can? 
can you invent sth that fixes the problem? 
(while still using the same IR emit/sense approach)

<30s brainstorming>



[Shake’n’Sense 2012]

solution for multiple structured light sensors:
• vibrate each Kinect at a predefined frequency 
• since both emitter and sensor vibrate at the same 

frequency, the IR pattern is still sharp 
• however, for other Kinects the pattern will be motion blurred

motor



[Shake’n’Sense 2012]





optical tracking:

time-of-flight



time-of-flight:
• emit light 
• light bounces of nearby objects and reflects back 
• measure time until the light hits the sensor 

• closer objects = less time until the light reaches them 
• far away objects = more time until the light reaches them



• again IR light and camera  
• but measures bounce time and not how the pattern looks

Kinect 2 







how would you have to mount a set of Kinect cameras 
to track all players while minimizing occlusion?

<30s brainstorming>



how would you have to mount a set of Kinect cameras 
to track all players while minimizing occlusion?

• let players wear the kinects on their chest 
• let them track each other (hard)





optical tracking:

passive markers



infra-red cameras

retro-reflective  
markers



• cameras emit infrared light 
• bounces of the retroreflective marker 
• camera sees the marker as a bright dot in the IR image

IR light + retro-reflective markers:



• track marker from two or more cameras at the same time 
• cameras are calibrated to each other 
• triangulate the marker position to get the 3D coordinate

extracting marker position:



calibration wand





mh, but this is only a point, so it only gives me location. 
how do I get the rotation?

<30s brainstorming>



predefine multiple marker positions  
on the model



rigid bodies offer  
already registered  
multi-marker arrangements



what are some of the drawbacks  
of using passive markers?

passive markers are great: 
they require no power / battery.

<30s brainstorming>



markers cannot be identified. 
they all look the same to the camera.



optical tracking:

active markers



infra-red cameras

LED markers 
(emit their own light: 
blink LEDs quickly one after another 
to know which one is which)



 we use this a lot for research projects



 [under submission]



 we use this a lot for research projects



 [under submission]



electro-magnetic tracking



electro-magnetic  
finger markers 
(with one coil)

magnetic field generator 
(transmitter) with two coils



• emits electro-magnetic field 
• calculate relative intensity of current of the coils 
• size of field varies depending on power of tracker 
• larger field = larger tracking range



Polhemus Fastrak:
• $12k+ for the tracker and $200 for each marker 



• no occlusion of markers  
• you can hide the tracking hardware 
• you can track through walls and people 

• single source, no cameras to align 
• doesn’t scale well with higher number of markers 

(difficult to decode the magnetic field) 
• sensitive to magnetic and electrical interference

benefits & drawbacks:



[2013 FreeD]









mechanical motion
(exoskeleton tracking)







 CHI 2016





• tracking and haptic feedback combined 
• no occlusion 
• infinite tracking volume 
• low-cost

benefits & drawbacks:



inertial systems
(IMUs)



IMU sensor data mapped onto a 
bio-mechanical model

[Perception Neuron]



• linear acceleration: accelerometer 
• rotational rate: gyroscope 
• heading reference (optional): magnetometer 
• 3-axis sensors for: pitch, roll, yaw

Inertial Measurement Unit (IMU):



[Perception Neuron]



• no occlusion and no noise from electro/magnetic 
• infinite tracking volume 
• low cost ($1,000+) 
• no absolute position of the user 
• lower accuracy

benefits & drawbacks:



electro-muscle



• Myo tracking band on the forearm 
• based on EMG (tiny voltage from muscle activation) 
• includes accelerometer and gyro for overall motion



• no occlusion 
• infinite tracking volume 
• low-cost 
• mapping from muscle activation to actual movement

benefits & drawbacks:



summary



• depends on your use case 
• and how much money you have

how to select a system?



end.


