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Devices and methods
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Depth-sensing technologies in mobile devices (Source: Yole 
Développement’s Report “3D Imaging & Sensing, 2018 edition, 2018”)

https://www.eetimes.com/jury-still-out-on-3d-sensing-for-smartphones/
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Measurement
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Measurement
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Measurement – Technical details
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[PMDTec]

Modulation

[Büttgen2005]



Measurement – Mathematical details

Prof. Uwe Hahne 11

[PMDTec]

Sampling

S0 S1 S0S2 S3

Popt

t

50 ns (ω = 20 MHz)

A



Measurement – Mathematical details
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Image source: Recommended reading on allaboutcircuits.com 

https://www.allaboutcircuits.com/technical-articles/how-do-time-of-flight-sensors-work-pmdtechnologies-tof-3D-camera/


Measurement – Alternative modulation
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Image source: [Zhai2019]

Pulse-based



ToF – Hardware architecture
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Image source: Recommended reading on allaboutcircuits.com 

https://www.allaboutcircuits.com/technical-articles/how-do-time-of-flight-sensors-work-pmdtechnologies-tof-3D-camera/


ToF - Hardware
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Azure Kinect Image sensor [Bamji2018] 
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Problems – integration time
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Noisy background

Noisy foreground

Short integration time (50 µs) Long integration time (1250 µs)



Sampling
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Problems – integration time
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Sampling
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Short integration time à low SNR

Problems – integration time
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Sampling
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Problems – integration time
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Problems – modulation

• Wrong assumption: The reference signal is a sine wave.
• In practice: light signals cannot be modulated perfectly 

by electronic circuits.
• This results in the so called „wiggling error“. 
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[Rapp2007]

Solutions:
Light guide [MESA, SICK]
Demodulation [Rapp2007, 
Frank2009, Lindner2008,…]
Calibration [Lindner2010, 
Schiller2011, Radmer2008, 
Müllenhaupt2010,…]



Problems – reflection

• Wrong assumption: The 
reflection properties of all 
captured objects are the 
same.

• In practice: various surfaces
• This results in depth 

differences on textured 
surfaces.
– Old image (PMD, 2012)
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Solutions:
Calibration [Lindner2010, Schiller2011, Radmer2008, Müllenhaupt2010,…]



Problems – reflection

• Wrong assumption: The 
reflection properties of all 
captured objects are the 
same.

• In practice: various surfaces
• This results in depth 

differences on textured 
surfaces.
– Azure Kinect performs

much better, but still 
has the problem.
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Problems – depth discontinuities

• Wrong assumption: The distance inside one pixel is 
constant.

• In practice: depth discontinuities
• This results in „flying pixels“
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Solutions:
Additional camera [Huhle2010]
Machine Learning [Reynolds2011]
Azure Kinect



Problems – multipath

• Wrong assumption: The 
light signal comes back 
directly

• In practice: multiple light 
paths

• This results in round 
corners

• Azure Kinect detects 
multi-path
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Solutions:
Multiple frequencies [Dorrington2011, Azure Kinect]



Applications
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Image source: Texas Instruments 2014 

https://www.ti.com/lit/wp/sloa190b/sloa190b.pdf


Body and gesture tracking

Prof. Uwe Hahne 26



Body and gesture tracking
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Ghost sensing

• Just search for „Kinect ghost“ on Youtube…
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