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Summary  

•  Measurement principles and application 
Doppler effect (on laser beams) 
Heterodyne method for velocimetry (laser Doppler) 

•  Velocity measurements in fluids 
LDV (Laser Doppler Velocimetry) 
PIV (Particle Image Velocimetry) 

•  Autovelox 
- optical barrier 
- tele-laser (time of flight and Doppler) 
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Doppler effect (on laser beams) 

The observed optical frequency (νobs) is smaller than the one 
emitted by the laser (ν ) when the object moves farer (νobs>ν 

when object gets closer) 
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Considering a velocity v << c, the Doppler shift 
 

Δν = (ν -νobs) = (v/c )⋅ν  << ν 
 

is much smaller then the optical frequency 
[for λ=0.6 µm (ν =500 THz), v=1 m/s à Δν ≅1.7 MHz, Δν /ν ≅ 3.3×10-9≈3 ppb!] 
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Heterodyne method for velocimetry 

To detect Δf of a few MHz  
on the optical beam at ≈500THz 
we can not use a monochromator 
or OSA but much better (being 
Δf/f0=Δν/ν <<1) to measure the 
“heterodyne” beat signal with a 
reference laser beam 

∝ v 633 nm 

Projection at cos(ϕ) 
of v on the direction 
of the laser beam 

ϕ 

ϕ 

Δf=vcosϕ⋅ν /c 
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Laser Doppler Velocimetry (LDV) 

•  LDV was invented in 1964 and is still today a great success of 
optical measurements, to contactless detect a wide range of 
velocities in moving fluids 
 The LDV techniques are used to measure velocity of fluids 
(liquids /gases) carrying diffusing (scattering) particles, 
naturally present or artificially “inseminated” in the fluid 

•  The diffusion, or scattering, due to interaction of the e.m. 
field and the particle can be divided into two types: 
 - Rayleigh ( r << λ )  αs ∝ r/λ4  f (θ ) constant with the angle 
 - Mie   ( r ≈> λ )  αs ≈ cost.  f (θ ) max. for θ =0 (forward scatt.) 

•  The measurement signal can be seen as due to:   
 - fringe crossings ß 
- Doppler effect 
- interferometric phase shift 
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LDV: measurement set-up 

The two collimated beams impinge off-axis on the lens and are 
focused at distance f from the lens in an interference region 

Two-beams 
interferometer 

  f  

example: R=0.5cm and f=250mm à θ ≅20mrad=1.15°≈1° 

v 
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LDV: interference fringes 

ΔΦ(OàA)=[Φ2-Φ1](O)-[Φ2-Φ1](A)=2π   fringe spacing D  dark/dark 

From O to A: ΔΦ2=Φ2(OàC)+Φ2(CàA)    and   ΔΦ1=Φ1(OàB)
+Φ1(BàA) ΔΦ2=(0+k2CA)=+(2π/λ)Dsinθ    and  ΔΦ1=(0-k1BA)=-
(2π/λ)Dsinθ 

θ
λ
sin2

=D

collimated beams  
à wavefronts 
approx. plane 
with width ±w0 
 

the interaction 
zone is wide 
ΔX=±2w0⋅cosθ 
ΔY=±2w0⋅sinθ 

zoom 

ΔΦ(OàA)=ΔΦ2-ΔΦ1=2⋅(2π/λ)Dsinθ  =2π    ⇒   
 

x 

y 

Light peaks repeated at distance D ( ⊥ a v)  

D sinθ = λ / 2 
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LDV: relation velocityàfrequency 

The optical beam profile, crossed by particles, is Gaussian and 
hence diffused light intensity profile varies with position.  
The frequency of alternating light-dark-light depends on the 
fringe distance and particle/fluid velocity  fD = 1/TD ∝ v 

Thickness of  crossing zone 
changes with position of 
crossing line (in the lit zone) 
but light-light distance 
remains constantly D in 
orthogonal direction to the 
interference zone. 
 

On a time axis the distance 
TD between light peaks 
depends on velocity  v 

TD repetition 
period of  
light peaks 

TD ∝ 1 / v 

e.g. at  
tube center 

e.g. at 
tube sides 
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LDV: signal period and frequency 

TD = D / v  period of diffused light  signal (light-dark-light) 

v 

vv
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MEASURE SENSITIVITY:  Sf ß v=Δf/Δv =2sinθ /λ  (Hz/ms-1) 

⇐ ⇒ 
Measure of fD:    1) counter;    2) electron. AS;   3) correlation 

=2w0sinθ 
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LDV: schemes (angle_scatt./back_scatt.) 

D 
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LDV: photos of 3D LDVs 
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LDV: practical example 
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LDV: properties 

for the Doppler analysis of LDV signal see the Text Book (Prof. Donati) 
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PIV (only measurement "principle") 

The velocity measurement of the particles in the fluid is done 
“lighting” the investigation zone, with laser light (or with fast 
light flashes and using a multi-exposure slow camera) 

Images of the particles as a function of time are detected 
with a fast CCD camera, from which one can reconstruct the 
entire spatial profile (field) of velocities: vi=Δli/Δt 



15/20 

Autovelox with optical barrier (e.g. 104 C2) 

Detection with NIR laser (Class 1) 
No interception/countermeasures 
PLATE imaging by photo/video 

optical barrier 
D = 0.5 m 

D 

T1 T2 

v=D/(T2-T1)=D/τ21 

v 

E.g. for v=150 km/h  τ21=12 ms 
Δτ21≅10 µs  Δv=-D/(τ21)2 ⋅ Δτ21≅0.1 km/h 

barrier 

photo 
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The target is hit by the laser and retro-diffused light is detected 

v21,ON=D/τ21,ON 
v21,OFF=D/τ21,OFF 

D 

T2,OFF 

Autovelox with optical barrier (e.g. 104 C2) 

T1,ON 
 

T1,OFF 
 

T2,ON 

τ21,OFF 
 

τ21,ON 
 

Measurement independent from vehicle profile and 
double-detection  (v21,IN ≅ v21,OFF within 1 km/h) 
allows discarding fake readings and meas. errors 

t 
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Autovelox with optical barrier (e.g. 104 C2) 

Co-planarity (θOrizz.=θ = 0) of the optical barrier with the road is important 
and instrument calibration is mandatory by law every year 

The horizontal instrument measures 
v = v21 = D/(T2-T1) = D/τ21 
but if inclined by θ  the measure is 
τ21

*= (t2-t1) = d/v < τ 21 and hence 
v* = D/τ21

* = v⋅D/d = v /cosθ > v 
the velocity can be “overestimated” 

D 

T1 T2 

v 

d = D⋅ cosθ  < D 
 d 

t1 t2 

If well aligned and calibrated, the instrument can reach accuracy levels well 
below 1% that – “poor us!” – are more than adequate for the measurement, 
given with a “tolerance” of 5% 

A misalignment barrier-to-road of 10° gives a measurement error of 1.5%  
(in excess!), corresponding to +2.3 km/h at 150 km/h 

horizontal vs. inclined 
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Tele-laser (Doppler velocimeter) “???” 

v LASER 

Given the high value of ΔνDoppler, TDoppler <1 µs, 
repeated vj measurements “could” be averaged in 
a short time, reducing measurement uncertainty 
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By beat-note analysis we “could” detect a the Doppler shift 
 

Δν Doppler = (ν -νobs) = (v/c ) ⋅ν  = ( 1/λ  ) ⋅ v 

 

[for λ=1 µm (ν =300 THz), v = 108 km/h = 3 m/s à Δν  = 3 MHz] 
[for λ=1 µm (ν =300 THz),   v = 36 km/h = 1 m/s à Δν  = 1 MHz] 
[for λ=1 µm (ν =300 THz), v = 180 km/h = 5 m/s à Δν  = 5 MHz] 
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Tele-laser “pistol” (TOF telemeter) 

Technical specs.: 

Tmeas=0.4 s 

L-Range=610 m 

v-Range=±320 km/h 

λ=904 nm 

θdiv=3 mrad 

laser class 1 

u(L)=15 cm 

u(v)=2 km/h 



20/20 

Tele-laser (TOF telemeter ) 

Trep=TNA=2LNA/c ≈ 4 µs  (frep=250 kHz)  with Lmax≈LNA=600 m 

v = (L2-L1)/Trep = c/2 ⋅ (T2-T1)/Trep 

v LASER 

L1 = c/2 ⋅ T1 

v LASER 

L2 = c/2 ⋅T2 

Given the high value of frep, repeated TOF measurements can 
be averaged in a short time (Tave=10 ms and Tmeas=0.4 s: 
average of 40 readings of TOF for Li meas. and 39 readings of 
vj for vave@400ms) reducing measurement uncertainty 

ΔT ≅ 0.4 s 
ΔL ≅ 5.6/20 m 

@ 50/180 km/h 


