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Whatis lidar?



Internal

Laserdistancemeter
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Å Time-of-flight

Å Laser pulse emitted

Å Return signal collected

Å Time (t) measured

Å Distance (D) calculated

Å Speed of light (c): 

Å ~ 3 x 108 m/s

Å ~ 30 cm / ns

Å Modulated laser beams

Å Beam modulation → phase (ϕ) difference

Å Higher accuracy and precision at lower cost
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Lidarmeasurement
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Å Lidar (Light Detection and Ranging) scans the 
environment and measures

Å Relative position
Å Intensity
Å (Radial speed)

Å Measurement methods

Å Time-of-flight
Å Amplitude modulation
Å Frequency modulation

Å The output:

Å 2D or 3D lidar point cloud
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Differentlidarmodels
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Å Some relevant application fields

Å Robotics *

Å Mapping and surveying *

Å Urban planning and infrastructure *

Å Mining and construction

Å Archeology, geology

Å Forestry and agriculture

Å Coastal and oceanographic studies

Å Manufacturing

Å Security and defense

Å Consumer and entertainment electronics



Howdo lidarswork?
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Lightsources
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Å Lidar light sources

Å Near-infrared laser diode (array)
Å Typically 905 nm *

Å Short-wave infrared laser diode (array)
Å Typically 1550 nm *

Å Visible light laser diode (array)
Å Typically 532 nm

Å Beam coherence

Å Coherent light sources *

Å Incoherent light sources

Å Beam divergence

Å Highly collimated light sources *

Å Less collimated / divergent light sources
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Measurementprinciples
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Å Time-of-flight

Å Laser pulse is emitted

Å Return signal is collected

Å Time (τ) is measured

Å Distance (r) is calculated

Å Beam divergence

Å Pulsed lidars: Highly collimated beam

Å Flash lidars: collimated or divergent
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Measurementprinciples
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Å Amplitude Modulated Continuous Wave (AMCW)

Å AMCW signal is emitted

Å Return signal is collected

Å Phase difference (ΔΦ) is measured

Å Lock-in detection method

Å Distance (r) is calculated

Å AMCW technique can be combined with ToF one

Å Pulsecompression: typicalin lidars

Å Beam divergence

Å Highly collimated

Highnoiseimmunity

https://en.wikipedia.org/wiki/Lock-in_amplifier
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Measurementprinciples
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Å Frequency Modulated Continuous Wave (FMCW)

Å FMCW (chirp) signal is emitted

Å Return signal is collected

Å Beat frequency (fbeat) is measured

Å Doppler shift (fd) is measured

Å Distance (r) and rel. radial speed (v) are calc.

Å FMCW technique can be combined with ToF one

Å Pulse compression: not typical in lidars

Å Beam divergence

Å Highly collimated

Highnoiseimmunity

Opticalmixing occures
on the detector
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https://en.wikipedia.org/wiki/Beat_(acoustics)
https://en.wikipedia.org/wiki/Doppler_effect
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Targetand optics
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Å Target reflectivity model

Å Lambertian

Å Specular

Å Gaussian

Å Retroreflective

Å Lidar optics

Å Aperture maximization

Å Fix focus

Å Large depth of field

Å Low aberrations

Å Optical coating (wavelength filtering)
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Detectors
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Å Detectors

Å PIN photodiode

Å Avalanche Photodetector (APD)

Å Single Photon Avalanche Diode (SPAD)

Å Silicon Photomultiplier (SiPM)
Å = SPAD array

Å Balanced photodetector

Å Lidar design specific selection of detectors

BalancedPD

https://cds.cern.ch/record/2738368/files/Gundacker_2020_Phys._Med._Biol._65_17TR01.pdf
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Beamsteeringmechanism
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Å Rotating lidar systems

Å Rotating mirrors

Å Rotating (multi-beam) lidar heads

Å Scanning lidar systems

Å Galvanometer-Based Systems

Å Micro-Electro-Mechanical Systems (MEMS)

Å Vibrating Mirrors

Å Optical Phased Arrays (OPA)

Å Wavelength modulation

Å etc

Å Flash lidar systems

Å Flash lidar
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Signalreturns
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Å Multiple returns of single laser pulse

Å First return

Å Intermediate returns (second, third, …)

Å Last return

Å Strongest return

Å Weakest return

Robotics: first and / or strongest

Archeology, geology: last

Mappingand surveying: first and last

Oceanograficstudies: last
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Electricalcomponents
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Å Main electrical components

Å Light source
Å Detector
Å Beam steering
Å Lidar controller
Å Data processor
Å Communication interface
Å Power and thermal management

Å Some relevant data interface protocols

Å Automotive ethernet *
Å Gigabit ethernet
Å USB

Å TechInsights Teardown

Å Electronics360

https://electronics360.globalspec.com/teardowns/automotive
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Data output –point cloud
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SeyondFalcon - link

https://www.youtube.com/watch?v=zZJ-sfE8Lu0


Automotive lidarperformance
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Performance metrics
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Å Some relevant performance metrics

Å Detection range (min, max)
Å Accuracy and precision
Å Field of view and resolution (H, V)
Å Frame rate and data rate
Å False positive rate

Å Wavelength, power, divergence
Å Scan pattern
Å # of returns
Å Time synchronization
Å Ingress protection rating (wiki)
Å Electro-mechanical design and resistance
Å Operating temperature
Å Communication interface
Å Compliance (ISO, IEC, RoHS, etc)

+
Å Extra features, e.g.

Å Speed measurement capability
Å Connecting Perception Software

https://en.wikipedia.org/wiki/IP_code
https://www.seyond.com/products/omnividi-preview/
https://www.seyond.com/products/omnividi-preview/
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Performance test
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Å Lidar performance tests standards

Å DIN SAE SPEC 91471

Å Unified test procedures

Å Developed by leading companies in 2023

Å Individual, application-tailored evaluations, e.g.:

Å Park et al.

Å Haider et al.

Å Lambert et al.

https://www.dinmedia.de/en/technical-rule/din-sae-spec-91471/366011551
https://www.mdpi.com/1424-8220/23/8/3892
https://opus4.kobv.de/opus4-hs-kempten/frontdoor/deliver/index/docId/1724/file/sensors-23-03113-1.pdf
https://www.researchgate.net/publication/343000972_Performance_Analysis_of_10_Models_of_3D_LiDARs_for_Automated_Driving
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Performance limitations
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Å Resolution, range, field of view

Å Frame rate and sweep / scan time

Å Beam divergence

Å Only one return measured

Å Environmental conditions

Å Target reflectance

Å Reflections

Å Interference and crosstalk

Å Mechanical issues

Å Data latency

Å Eye safety regulations

Å Power consumption



Automotive lidars
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Classicalrotatinglidars
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Å Key features

Å 360° horizontal field of view
Å Mechanical rotation

Å Multiple vertical channels
Å 16 / 32 / 64 / 128 / 512

Å Most relevant vendors

Å Hesai
Å Robosense
Å Velodyne (acquired by Ouster)
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Rotatinglidarswith extra features
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Å Key features

Å 360° horizontal field of view
Å Mechanical rotation

Å Multiple vertical channels
Å 128

Å Rotating lidar as a camera
Å Also ambient intensity is measured

Å Relevant vendors

Å Ouster

Targetdistance

Returnintensity

Targetreflectance

Ambientintensity
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Rotatingdomelidars
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Å Key features

Å 360° horizontal field of view
Å Mechanical rotation

Å Multiple vertical channels
Å 32 / 64 / 128
Å Extreme wide vFoV: 90°

Å Short range detection

Å Relevant vendors

Å Ouster
Å Robosense
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Solidstatelidars
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Å Key features

Å Higher flexibility in configuration
Å Less or no moving components
Å Higher mechanical endurance
Å Better integrability to vehicles
Å Less complex manufacturing, better price

Å Relevant vendors

Å Aeva
Å Aeye
Å Blackmore (acquired by Ambarella)
Å Cepton
Å Hesai
Å Innoviz
Å Livox
Å Ouster
Å Robosense
Å Seyond
Å Valeo
Å Velodyne



Internal

SolidstateFMCW lidars
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Å Key features

Å Radial speed measurement
Å Easier clustering and tracking

Å Relevant vendors

Å Blackmore (acquired by Aurora)
Å Aeva
Å Mobileye
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Solidstateflashlidars
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Å Key features

Å Even less or no moving components
Å More parallelized measurements

Å Even global shutter

Å Relevant vendors

Å Continental
Å Ouster
Å Sense Photonics
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Profilers
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Å Key features

Å Sub-millimeter accuracy and precision
Å High angular resolution: ~0.01
Å ~ 200 rotation per min
Å Less intensity inhomogeneity issues
Å Less intrinsic calibration issues
Å Mobile mapping applications

Å Relevant vendors

Å Faro
Å Leica Geosystems
Å Z+F (Zoller+Fröhlich)



Q&A
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