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Lecture 39. Lidar Bathymetry &  
Analog and Digital Detection of Light 
q  Review: Rangefinding Techniques


Ø  Pulsed laser rangefinding

Ø  Phase shifting rangefinding / CW laser amplitude modulation

Ø  CW laser chirp / Chirp pulse compression


q  Lidar Bathymetry

Ø  Challenges for deep or costal water

Ø  Challenges for shallow water

Ø  Polarization applications in bathymetry


q  Analog Detection vs. Photon Counting

Ø  Challenges of photo-detection in lidar
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Rangefinding Techniques 
q  There are several different approaches to determine range, including 
the triangulation method with a very long history. We introduce three (or 
four) major rangefinding techniques.


(1)  Geometric-based technique: the classical triangulation by projection of 
a light beam onto a target. 


(2)  Interferometry: using interferometry principle to measure distance to 
high accuracy;  Diffraction range measurement techniques,  like speckle 
tech. and diffraction imaging.


(3)  Time of flight techniques: these are for the majority of laser range 
finders and laser altimeters. Time of flight (TOF) is also used in all other 
atmosphere lidars to determine the range where scattering signals come 
from. There are various ways to measure the time of flight.



 R = c ⋅ Δt / 2
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Time Of Flight (TOF) Rangefinding 
Ø  Pulsed laser TOF rangefinding:  


Laser & Receiver
 Target


Transmitter


Receiver:


Time of Flight (TOF)


Receiver:


Time of Flight (TOF)


Transmitter


How about if the laser is a very long pulse?
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Time Of Flight (TOF) Rangefinding 
Ø  Phase-shifting rangefinding technique: CW amplitude modulation 


How about if you are given a cw laser, not pulsed?


Transmitter


Receiver:


Time of Flight (TOF)


Solution 1: Chop the cw laser beam to a pulsed laser beam


Receiver:


Transmitter


Solution 2: Modulate continuous wave amplitude, and then shift the 
received signals in time to maximize the correlation between the 
transmitted and received light. Random coding can help remove ambiguity 
when the range is longer than half of the modulation frequency/λ.
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Time Of Flight (TOF) Rangefinding 
Ø  CW laser chirp: linear variation of frequency with time, 
and then take the beat frequency to determine TOF


0

fbeat


f


time


freturn = f0 + K t

ftransmitter = f0 + K (t + Δt)
fbeat = ftransmitter - freturn = K Δt


Δt = fbeat / K 
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Lidar Bathymetry 
q  Lidar bathymetry can face issues different than other laser altimeters: 
One is the laser penetration of any water body when dealing with deep 
water or costal water, and another is to deal with shallow water when 
the water depth is comparable to or smaller than the laser pulse width.


Reflection from water surface

Reflection from river bottom


[Measures, Laser Remote Sensing, 1984]
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Water Transmission vs. Wavelength 

[Measures, Laser Remote Sensing, 1984]


Blue Transmission


Organic materials make the 
transmission peak shifted 
toward longer wavelength 
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Lidar Bathymetry to Measure 
Glacial Meltpond 

q  A major challenge is to obtain resolutions better than the pulse width-
limited depth resolution, i.e., the intrapulse ambiguity.


[Courtesy of Steve Mitchell]
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Lidar Bathymetry 
q  To obtain better resolutions in lidar bathymetry (better than the pulse 
width-limited depth resolution), several methods could be used, including 
waveform digitizing and signal distinguishing (e.g., depolarization). 


[Churnside, Polarization effects on ocaneographic lidar, Optics Express, 16, 1196-1207, 2008]
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Polarization App in Lidar Bathymetry 
[Mitchell et al., Applied Optics, 2010; Mitchell, 2011]
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Comparison between Traditional and 
Polarization Bathymetry 

[Mitchell et al., Applied Optics, 2010; Mitchell, 2011]
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More Considerations on Bathymetry 
q  Waveform recoding and digitizing


q  Polarization applications in bathymetry [Churnside, Optics Express,
2008; Mitchell et al., Applied Optics, 2010]


q  Besides polarization, other light properties, if they are modified by two 
surfaces differently, may be used to distinguish the signals returning 
from the air/water and water/bottom surfaces, so improving the range 
resolutions.


q  Both methods mentioned above are ultimately limited by the receiver 
bandwidth and pulse width …


q  Potential improvement: combination of polarization detection with CW 
laser chirp technique
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Summary 
q  Laser rangefinding is an important lidar category, and it finds many 
fantastic applications in science research, environment monitoring, 
industry, & daily life. It has various names like laser rangefinder, laser 
altimeter, lidar bathymetry, ladar, etc., depending on actual applications.


q  Different rangefinding applications have different challenges, e.g., tiny 
motion/range change vs. absolute altitude determination, long-path 
penetration vs. shallow-water discrimination, etc. 


q  Geometric-based triangulation laser rangefinding, optical interference 
rangefinding (interferometer vs. diffraction), and time of flight (TOF) are 
the three major categories of laser rangefinding. 


q  There are various TOF techniques, in addition to a traditional single-
channel pulsed-laser-based lidar TOF. Multiple channels with distinctly 
different features (e.g., polarization) can be used to determine TOF with 
resolutions higher than the pulse width. CW laser amplitude modulation, 
CW laser frequency chirp, etc. all can be used to determine fine and long 
range (TOF). Keep an open mind to more possibilities. 
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Photomultiplier Tube (PMT) 
 for Photon/Light Detection 
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Based on Hamamatsu 
“Photon Counting” 
Technological Paper
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PMT Output Waveforms Observed at 
Different Light Levels 
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Ø  In analog mode, the output signal is the mean value (or integration) 
of the signals including the AC components shown in (a). In contrast, 
the photon counting can detect each pulse shown in (c), so the 
number of counted pulses equals the signal.


Ø  This photon counting mode uses a pulse height discriminator that 
separates the signal pulses from the noise pulses, enabling high-
precision measurements with a higher signal-to-noise ratio compared 
to the analog mode and making photon counting exceptionally 
effective in detecting low level light.
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Parameters in PMT Photon Counting 
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Detection Efficiency

(DE)


Collection Efficiency

(CE)


Quantum Efficiency

(QE)


X
 =


Quantum Efficiency (QE) is the ratio of the number of photoelectrons 
emitted from the photocathode to the number of incident photons per 
unit time.


QE = number of photoelectrons emitted from photocathode
number of incident photons

Collection Efficiency (CE) is the probability that the primary 
photoelectrons will impinge on the first dynode and contribute to gain.


Detection Efficiency (DE) is the ratio of the number of counted pulses 
(output pulses) to the number of incident photons.


DE = number of counted pulses
number of incident photons

=QE ×CE =ηQE ×α
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Photon Counting vs. Analog Detection 
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Photon counting is suitable for very-low-level light 
detection, ideally in the single photoelectron region.


Analog detection is suitable for high-level light detection.


The goals are to maximize the signal to noise ratio (SNR) 
and achieve the most sensitive detection of light.




LIDAR REMOTE SENSING PROF. XINZHAO CHU CU-BOULDER, SPRING 2016

Principles of Photon Counting 
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Principles of Photon Counting 
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Setting Up PMT Supply Voltage 
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Count rate linearity 
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Count rate linearity 
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Advantages of Photon Counting 
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Advantages of Photon Counting 
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Various Photodetectors 
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Photomultiplier tube (PMT)

Avalanche photodiode (APD)

Micro-channel plate (MCP) 

MCP photomultiplier tube

Multi-channel PMT

CCD camera

… ...
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Challenges of Photo-detection in Lidar 
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Ø  Real lidar signals, especially upper atmosphere lidars, cover a very 
large range of light levels from PMT saturation in the lower atmos 
to the single photoelectron region in the upper atmosphere. 


Ø  Analog detection or photon counting? None of the modes alone can 
address the entire lidar signal ranges.


Ø  Hybrid – simultaneous analog and digital detection?

Ø  High speed digitizer and then do post processing?

Ø  Split signals with certain ratios and do multiple channel detection?

Ø  Any new ideas … ... ?



