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Time of Flight (ToF) range imaging cameras have revolutionized various
industries such as robotics, automotive, and augmented reality. These cameras
rely on the measurement of the time taken by a light signal to travel from the

camera to an object and back, providing accurate depth information.
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However, there is a hidden danger that can affect the performance of these
cameras - timing jitter. Timing jitter refers to the variation in the timing of the
emitted light signal, which can introduce errors in distance measurements and

compromise the overall accuracy of the ToF camera.
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The Impact of Timing Jitter

Timing jitter can have several detrimental effects on the range imaging

capabilities of ToF cameras:

» Measurement Errors: Timing jitter can result in inaccuracies in the
measured distance due to the variation in the time of flight. This can lead to

faulty depth maps and misinterpretation of objects in the scene.

» Reduced Range: Higher levels of timing jitter can limit the effective range of
the ToF camera since the accuracy of distance measurement diminishes with
increased variation in timing. This can be problematic in applications that

require long-range depth sensing capabilities.
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» Image Artifacts: Timing jitter can result in ghosting and smearing effects in
the captured images, especially in situations with moving objects. This can

significantly reduce the visual quality and usability of the captured data.

Causes of Timing Jitter

Several factors contribute to the occurrence of timing jitter in ToF range imaging

cameras. These include:

» Electronic Noise: Electronic noise in the camera's circuitry can introduce
fluctuations in the timing signals, leading to timing jitter. This noise can be
generated by various components such as amplifiers, voltage regulators, and

digital interfaces.

= Optical Interference: External sources of light, such as sunlight or artificial
lighting, can interfere with the emitted light signal and cause timing
variations. This interference can be mitigated through careful optical design

and filtering techniques.

» Temperature Variations: Changes in temperature can affect the
performance of the camera's components and result in timing jitter. Thermal
management strategies and temperature compensation algorithms can help

minimize this effect.

= Power Supply Instabilities: Inadequate power supply can introduce
fluctuations in the camera's timing system, leading to timing jitter. Ensuring a

stable power source is crucial to minimizing this source of error.

Minimizing Timing Jitter

Manufacturers of ToF range imaging cameras employ various techniques to
minimize timing jitter and improve the overall accuracy of their products. These

include:



= Noise Filtering: Implementing effective noise filtering techniques at both the
electronic and optical levels to reduce the impact of external interference and

electronic noise.

» Advanced Signal Processing: Utilizing sophisticated signal processing
algorithms to compensate for timing jitter and improve the accuracy of

distance measurements.

» Component Selection: Carefully selecting and using components with low

noise levels and high stability to minimize the occurrence of timing jitter.

» Calibration and Testing: Thorough calibration and testing processes to
identify and mitigate timing jitter-related issues before the final product

reaches consumers.

Timing jitter poses a significant challenge for ToF range imaging cameras,
affecting their accuracy and overall performance. Understanding the causes and
mitigating strategies for timing jitter is crucial in ensuring the reliable operation of

these cameras across various applications.

Manufacturers continue to invest in research and development to improve the
accuracy and range of ToF range imaging cameras, with a specific emphasis on
reducing timing jitter. As technology advances and these cameras become more
versatile and affordable, timing jitter will be less of a concern, unlocking their full
potential in fields such as autonomous vehicles, virtual reality, and industrial

automation.
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This book explains how depth measurements from the Time-of-Flight (ToF) range
imaging cameras are influenced by the electronic timing-jitter. The author
presents jitter extraction and measurement techniques for any type of ToF range
imaging cameras. The author mainly focuses on ToF cameras that are based on
the amplitude modulated continuous wave (AMCW) lidar techniques that
measure the phase difference between the emitted and reflected light signals.
The book discusses timing-jitter in the emitted light signal, which is sensible since
the light signal of the camera is relatively straightforward to access. The specific
types of jitter that present on the light source signal are investigated throughout
the book. The book is structured across three main sections: a brief literature

review, jitter measurement, and jitter influence in AMCW ToF range imaging.
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