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Chap.9. Other Laser Radar Chap.9. Other Laser Radar 
SystemsSystems

Francesc Rocadenbosch
ETSETB, Dep. TSC, EEF Group

Campus Nord, D4-016
roca@tsc.upc.edu
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MEASUREMENTS:
• Direct: Concentration of chemical

species in the atmosphere such
as

SO2, O3, C2H4, NH3, CO, CO2, 
HCl, H2O, NO, N2H4, N2O, SF6

• Indirect: Temperature and
Pressure

LASER TYPES:
• Dye
• CO2
• Excimer
• Ti:Sappire
• Optical Parametric Oscillator (OPO)

INTERACTION

1νh
1νh

GROUND LEVEL

VIRTUAL LEVEL

EXCITED LEVEL

0νh
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MEASUREMENT PRINCIPLE
1) Assume testing wavelengths, λ0 (center 
absorption line) and λW (wing)
2) Consider

where

( ) ( ) ( )λα+λα=λα GA

• αG is the extinction coef. due to absorption by the gas of interest,

– where N is the gas concentration and σ its absorption cross section
– within the range cell ∆R.

• αA is (...) due to scattering+absorption by all other constituents

( ) ( )λσ=λα NG

3) Measurement equation

( ) ( ) ( ) ( )[ ]
( ) ( )[ ]⎩

⎨
⎧

∆+≤<∆α+α−λα−
≤λα−

λβ
λ

=λ
RRRRRR

RRR
R

R
KRP

GAiA

iA
i

i
i

000

0
2 ,22exp

,2exp
,,
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Computing the ratios,
( )

( ) wi
i

i

RRP
RP

λλ=λ
∆+λ

λ ,,
,

,ln 0
0

0

and solving for the gas concentration, N,

( )
( )

( )
( ) ( ) ( )w

w

w

RRP
RP

RRP
RP

R
N λσ−λσ=σ∆⎥

⎦

⎤
⎢
⎣

⎡
∆+λ

λ
−

∆+λ
λ

∆σ∆
≈ 0

0

0

00

00 ,
,

,ln
,

,ln
2

1

where we have assumed , i.e.,
1)  weak spectral dependence of αA and β in the region (λ0, λw)
2) nearly simultaneous measurements

( ) ( ) ( ) ( )RRRandwAA ∆+λβ≈λβλα≈λα ,,0

MEASUREMENT SENSITIVITY
Minimum detectable concentration,

[ ] ( )
[ ] [ ] 02.0ln,.ln105 2

33 ≈∆
∆σ∆

∆
×= −−

typmin mRcm
cmN
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ELIGHT SYSTEM SPECS:
•Laser

– Ti:Sapphire, 790 nm (750-890 
nm), 200 mJ, 20 Hz 

– SHG, THG → 250-400 nm (UV), 
5-25 mJ

•Telescope 
– 40-cm ∅, beam (5 cm, 200 mrad)

∆R = 7.5 m
∆t < 30 min

http://www.elight.de



(C) F. Rocadenbosch 2005-2006

D
E

P
. O

F 
S

IG
N

A
L 

TH
E

O
R

Y
 A

N
D

 C
O

M
M

U
N

IC
A

TI
O

N
S

6

LI
D

A
R

 (L
A

SE
R

 R
A

D
A

R
)
DIALDIAL

OPTICAL CONFIGURATION:

Target gases: 1) O3, SO2 (4 ppb), 2) toluene, bencene (10 ppb), NO2 (20 ppb)

http://www.elight.de
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Fig. SOURCE: INERIS - DRC-AIRE-00-
23443-n° 535 Annexes A-C in  
www.lcsqa.org/rapport/rap/prog2000/ 
ineris/annexec_lidar_evaluation.pdf
(Acessed June 2004).

Fig.1 Selection of λon and λoff 
wavelengths for toluene 
measurement.

Fig.2 Pollutant gas measurement 
sensitivity

Fig. 1

Fig. 2
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Fig. SOURCE: Well Test Flare Plume Monitoring–
Literature Review. Report CCT-P 016.01, Carbon and 
Energy Management. Alberta Research Council Inc., 
Alberta (Canada). Dec. 2001.

SOME MEASUREMENT EXAMPLES

Fig. 1. NO2 horizontal emission in 
Geneva (Ref. Elight, GmbH)

Fig. 2-3. Methane Plume 130 m 
Downwind of Ship Loading Vent 
(CH4 concentration from 0 to 17 
ppmv, Ref. Spectrasyne Ltd.)

Fig. 1

Fig. 2

Fig. 3
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LONGLONG--PATH ABSORPTION LIDARPATH ABSORPTION LIDAR

OPERATIONAL PRINC.: “Long-path absorption”. See also TDLAS.

APPLICATIONS
Column-content (CC) gas detection

• Sensitivity defined by [ppm·m]
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LONGLONG--PATH ABSORPTION LIDARPATH ABSORPTION LIDAR

TDLAS (Tunable-Diode Laser Absorption Spectroscopy)
Typ. an InGaAsP diode electronically swept around 1.31 µm or 1.55 µm
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

MEASUREMENTS:
• Concentration of chemical species

specially in the upper atmosphere
such as

OH-, Na, K, Li, Ca, Ca+

• (...) lower atmosphere such as
SO2, NO2, I2, NO, OH 

• Oil slicks on water
• Agricultural (chlorophyll, algae) 
• Marine baseline survey
• Water temperature/salinitiy

LASER TYPES:
• Dye
• N2(λ = 337 nm)
• Ne

INTERACTION

GROUND LEVEL
(a)

EXCITED LEVEL

νh
νh

EXCITED LEVEL
BAND

νh
*νh

GROUND LEVEL
(b)
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

OPERATIONAL PRINCIPLE
• The laser source is tuned to a molecule absorption 

band that reradiates a fluorescence (red-shifted, i.e. 
towards a λ↑, either resonant (Fig.d) or wide-band 
(Fig.e)).

APLICATIONS
Detection limited to a few minor atmospheric molecular constituents

• Return intensities are a few orders of magnitude larger than 
ordinary Raman scattering

• Difficult to determine absolute concentrations because of the 
uneven absorption of transmitted beam (atmospheric quenching)

• Ej. Biophysical stress and vegetation maps
– Chlorophyll fluorescence F690/F735 nm
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

Fig. SOURCE: Measures (1992); R.M. Measures, "Laser Remote Sensing. Fundamentals and Applications". John Wiley & Sons, 1984. 
(Reprint de 1992, Krieger Publishing Company).

OIL-SPILL DETECTION AND 
IDENTIFICATION

Traditional sensors
• e.g. multiband cameras, radar 

mappers, IR scanners, 
microwave radiometers

• fail in classifying the oil type

Non-traditional: Laser flourosensor
• Samples can be uniquely 

characterized by measuring:
– peak emission wavelength
– lifetime
– fluorescence efficiency Sufficient to make airborne 

measurements
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

EXAMPLE: THE US DOT (Coast Guard oil-sensing lidar)
• Main specs:

– Mounted inside a marine helicopter 
(meas. altitude ≈ 40 m, 70 km/h)

– 100 kW, 10-ns N2 laser operating at 
337 nm, 500 Hz

– 30-cm diameter, f/3.5 Newtonian 
telescope

– 35-channel Optical Multichannel
Analyzer (OMA)

• Two operation modes
– (Mode 1) 2 of the 35 channels are calibrated for ambient sea-water fluorescence
– (Mode 2) System is switched to the classification mode (full OMA activated)

• Classification method (3 main groups)
– (Mode 1) Peak + fluorescence conversion efficiency at λcal1,2

– (Mode 2) Spectrum shape identification (e.g. Pearson’s correlation coefficient).

Fig. SOURCE: Measures (1992); R.M. Measures, "Laser 
Remote Sensing. Fundamentals and Applications". John Wiley & 
Sons, 1984. (Reprint de 1992, Krieger Publishing Company).
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

Fig. SOURCE: Canada Center for Remote Sensing (CCRS) & Measures (1992).
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FLUORESCENCE LIDARFLUORESCENCE LIDAR

Fig. SOURCE: Measures (1992); R.M. Measures, "Laser Remote
Sensing. Fundamentals and Applications". John Wiley & Sons, 
1984. (Reprint de 1992, Krieger Publishing Company).

BETTER CLASSIFICATION 
APPROACH:

Fluoresc. Decay Spectroscopy 
(FDS)
MOTIVATION

• Modest classification: 3 types
• More channels: Cost↑ and 

SNR↓
MEASUREMENT KEY

• Fluoresc. decay time as a 
function of λ

• is a spectral fingerprint of 
materials that allows fine 
discrimination.
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OTHER LASER RADAR SYSTEMS: PART 1OTHER LASER RADAR SYSTEMS: PART 1

Fig. SOURCE: Measures (1992); R.M. Measures, "Laser 
Remote Sensing. Fundamentals and Applications". John Wiley
& Sons, 1984. (Reprint de 1992, Krieger Publishing Company).

BATHYMETRY
It’s hydrographic lidar.
MOTIVATION

• IR and MW radiation have 
negligible penetration in water

• Uses the blue-green “window 
on sea”

KEYS
• Sounding Depth and bathym. 

lidar equation depends on
– αabs/αsca

– two-way (i.e, air-water and water-
air) transmission factor

– beam spreading and diffusion on 
water medium → multipath
attenuation (αmp)
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OTHER LASER RADAR SYSTEMS: PART 1OTHER LASER RADAR SYSTEMS: PART 1

THE SHOALS (Scanning 
Hydrographic Operational 
Airborne Lidar Survey) PROJ.

• Airborne
– 400 Hz system
– Collects 400 soundings/s and 

every 4 m (variable spot)
– Equals 16 km2/h

• Ground-based processing 
system

– depth-extraction algorithm 
(NOAA)

Sect. SOURCE: J.L. Irish, J.K. McClung, W.J. Lillycrop, “The 
SHOALS System”, Joint Airborne Lidar Bathymetry Technical 
Center of Expertise, US Army Engineers District in 
http://shoals.sam.usace.army.mil/pdf
Fig. SOURCE: Measures (1992).
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OTHER LASER RADAR SYSTEMS: PART 1OTHER LASER RADAR SYSTEMS: PART 1

SHOALS APPLICATIONS
(Fig. 1) Tidal inlet in Lake Worth (Flda).

• Quantify channel dredging
requirements and nearshore
conditions

• Volumetry
– Calculate sediment volumes for 

navigation and nourishment projects

(Fig. 2) Tidal inlet in Long Island (NY).
• Reveal the depth and extent of the 

scour hole
• Comparison with historical data

3-h SHOALS survey = Sveral days with  
a single-beam acoustic system!
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OTHER LASER RADAR SYSTEMS: PART 1OTHER LASER RADAR SYSTEMS: PART 1

SHOALS - Coastal 
Mapping - Port Huron 
(Lake Huron, Michigan)

• Navigation charts

MORE APPLICATIONS...
• Sediment processes
• Shoaling and dredging at 

the port
• Flux modelling
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OTHER LASER RADAR SYSTEMS: PART 1OTHER LASER RADAR SYSTEMS: PART 1

SHOALS - Coastal Mapping - Solander Island, New Zealand
• Very fine resolution as compared to acoustic survey vessels

• Need to update 
outdated navigation 
charts
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OTHER LASER RADAR SYSTEMS: PART 2OTHER LASER RADAR SYSTEMS: PART 2

PROFILOMETRY (I): TOF (Time of flight) principle

TOF Laser Ranging 
vs.

Mechanical
E.G.
http://www.simcotech.com
/sensors/bannerlt3.htm
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OTHER LASER RADAR SYSTEMS: PART 2OTHER LASER RADAR SYSTEMS: PART 2

PROFILOMETRY (II):
AUTOFOCUS or 
INTERFEROMETRIC

• http://www.solarius-
inc.com/html/autofocus.html

PHASE MODULATED
• http://www.phaselaser

.com/sensors93.htm
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OTHER LASER RADAR SYSTEMS: PART 3OTHER LASER RADAR SYSTEMS: PART 3

ACTIVE IMAGING (I): Spectrally selective vision
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OTHER LASER RADAR SYSTEMS: PART 3OTHER LASER RADAR SYSTEMS: PART 3

3D ACTIVE IMAGING (II)
• (OPTECH, ILRIS 2D) 

http://www.optech.on.ca/

Downtown Florence, with Basilica at top left (Italy Area: 4 x 2 km)

SPECS:

PRF: 5 kHz
Duration: 45 min
Scan Freq: 15 Hz
Scan Angle: ±19°
Alt.: 450m AGL
Points: 100,000
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OTHER LASER RADAR SYSTEMS: PART 3OTHER LASER RADAR SYSTEMS: PART 3

ACTIVE IMAGING (III):
CMS (Cavity Monitoring System)

Volume computation (VCMS) and 
TOF imaging
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FREEFREE--SPACE OPTICAL COMMUNICATION LINKSSPACE OPTICAL COMMUNICATION LINKS

ADVANTAGES:
• Lower mass, weight and volume of TXT/RTX systems
• Laser beams: narrower ⇒ higher power densities
• No restrictions in the use of frequencies / bandwidths
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FUTURE TRENDS IN LASER RADARFUTURE TRENDS IN LASER RADAR

CONCERNING:
LIDAR SYSTEMS ARCHITECTURE

• System simplification and reliability
• Operation in autonomous automated routine regime

TECHNOLOGYCAL TRENDS
• Semiconductor diode laser technology
• If the application allows it, use of eyesafe lasers (λ > 1,5 µm) and/or

low enough power levels

OTHERS
• Multisensor data fusion
• Efforts in the methodology of data interpretation
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EEF LIDAR GROUP PORTFOLIOEEF LIDAR GROUP PORTFOLIO

ACHIEVEMENTS:
• Atmospheric Remote Sensing

with LIDAR (laser radar).

• Assessment of optical links for
satellite communications.

• UPC role: System design and
integration. Numerical and
experimental  models for
propagation in turbulent media.

• Projects funded by ESA (contracts

XA94/106, 13623/99), European Union
(EVR1-CT-1999-40003), MCYT (TIC 

431/93, AMB96-1144), and CIRIT.

• V/VI EU FMP, NoE


