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THEPRINCIPLE

Bundeswehr

Sonar

Distance= v*t/2        v ~ 1.5km/s (in water)

Laser-Pulse

v ~ 300 000km/s (in air)

Measuringdistanceswith light
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Time of flight method
VIS/NIR typ. 200 m - 2 km, res. mm - cm 

Laserpulsesof a few nswidth aresentout, reflectedby

the objectanddetected. Thetime differenceisusedto

calculatethe distance. Hightimingaccuracyisrequired.

Shortpulsesallowhighpeakpowersandtherefore

higherdetectableranges.

Phase shift method
VIS/NIR typ <100 m, res. µm - cm

An amplitude modulated light signal is sent out. The 
phase shift of the modulated reflected signal is used 
to calculated the distance. To avoid ambiguities 
several modulation frequencies are combined. CW 
or pulse trains.
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FMCW/RADARmethod

VIS/NIRtyp. 50m - 500m , res. <µm

With the changeof distanceto a moving object a
reflectedsignalis frequencyshifted. Thiscanbe used
to measurerelativevelocityand distance. Coherence
length requires very narrow bandwidth lasers and
sophisticatedequipment.

Triangulationmethod
VIS/NIRtyp. <10m, res. µm-mm

Transmitteranddetectorare separatedandnot along
an optical axis with the object. The distance is
determinedfrom the anglewith respectto the optical
axis. Verysimpleandaccuratemethod. Theanglecan
be measuredover a positionchangeof the reflected
signal with a position sensitive detector (PSDor
CCD/CMOSline array). Lower resolution for longer
range.

THE PRINCIPLE
Measuring distances with light

Ὀ
ρ

ς
ὧ
ὪὭὪ
ÄÆȾÄÔ



www.first-sensor.com 6

THE PRINCIPLE
Time of flight method

Time of flight

Amplitude

Dispersion

Distance

Reflectivity

Fog, rain, etc

Sick
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Å Typical laser pulses: 
Å 1 ns-30 ns width, typ. 905 nm with up to 75 W peak pulse power (limited by eye safety)
Å Bursts with repetition rates ~20..200 kHz (limited by pulse travel time)
Å Time interval between bursts 10..50 ms
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Vermont LiDARProgram

Laser Scanners
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Vermont LiDARProgram

Laser Scanners
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THE PRINCIPLE
Laser Scanners

Mechanically deflected laser
Å Rotating scanner
Å Rotating mirror
Å Micro mirror (MEMS)

Flash LIDAR
Å Laser illumination of large area
Å Reflection detected with many 

detectors

Interference based
Å Phased arrays


