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NOVEL TECHNIQUE FOR SINGLE  PARTICLE
CHARACTERIZATION IN BACKSCATTER

The proposed technique is a combination of the pulse-displacement sizing method and
the laser Doppler technique. For the generation of the time-shifted scattering orders a
separate single beam/sheet illumination is used. Test measurements have demonstrated
that the arrangement using an additional light sheet for the generation of time-shifted
scattering orders exhibits several important advantages compared to an optical system
based solely on the laser Doppler system.

PARTICLE CHARACTERIZATION, PULSE DISPLACEMENT, LASER DOPPLER

1. INTRODUCTION The conventional phase Doppler technique provides
correct particle sizing only when a single scattering mode dominates, e.g. reflec-
tion or first-order refraction. In backscatter, the receiver detects the light scat-
tered by several scattering orders, therefore the resulting phase-diameter curve
exhibits very large oscillations and jumps, making particle sizing impossible [1].
Retaining a laser Doppler for the velocity measurement, a modified particle siz-
ing approach has been studied in the present work. It is based on the detection of
the time-shifted scattering orders, which only occur with shaped beams. This is
the so-called pulse displacement technique [2, 3, 4]. With the particle moving
through the shaped beam, each scattering order/mode contributes to the signal
from its own virtual measurement volume, which is displaced in space. Accord-
ingly, various fractional signals arrive sequentially at the detector. The magni-
tude of the displacement depends on the scattering order/mode, the receiving
location, the relative refractive index and the particle diameter.
Thus, if the different scattering orders/modes are identifiable in the received
signal and the particle velocity is known, the diameter can be estimated from the
time displacement between fractional signals.

2. FRACTIONAL SIGNALS GENERATION The time-shifted scattering
orders can be generated either by the laser Doppler illumination itself or by the
separate single beam illumination. The smallest measurable particle size using
the time-shift technique is determined by the focused size of the measurement

volume [1]. Simulations of this technique using the beams of a laser Doppler
system, with the beams focused to 5-10µm, exhibit a systematic increase of error
with increasing particle size, caused by the erroneous velocity estimation. The
error arises from the non-uniform fringe spacing, which diverges strongly from
the center. Therefore the smallest measurable particle size is limited to 20-30µm.
The new optical arrangement considered here is a combination of a two-velocity
component laser Doppler system (not necessarily highly focused) and a highly
focused central light sheet of a different colour, with corresponding separate
detectors. For such an arrangement the velocity and time-shift channels are inde-
pendent, allowing optimization of optics and signal processing for each system
separately.
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Figure 1. Light-sheet illumination. a Measurement volumes, b Exemplary signals

For the case of a light sheet illumination, virtual light sheets will exist for each
scattering order/mode, as shown in Fig. 1a. Typical signals received at two sym-
metrically positioned detectors are shown in Fig. 1b. A particle moving through
the beam results in various fractional signals arriving sequentially at the detector,
hence the name pulse-displacement technique. The main components in order of
occurrence for a droplet in the air will be: surface wave long path (SWLP), re-
flection, second-order refraction inner path (p=3.1), second-order refraction outer
path (p=3.2), surface wave short path (SWSP). Note that components SWSP and
p=3.2 overlap and cannot be separated.
The dependencies of time-shifted signals were studied in [1]. It was shown, that
the measurement of the time shift between two fractional signals from the same
scattering order obtained on the two receivers, as shown in Fig. 1, is advanta-
geous for the measurement of a small particles. The surface-wave generated sig-
nal is the most sensitive to the particle size and least sensitive to other influential
parameters. The refractive index influences the position of the  p=3.1 fractional
signal, which  exhibits a monotonic but non-linear increase of time shift. Unfor-



tunately the p=3.1 fraction is also sensitive to the shape of the particle. Therefore
either refractive index can be measured or the variations of the particle shape can
be discriminated.

3. EXPERIMENTAL  SETUP The final optical arrangement for the sizing
instrument is shown in Fig.2a.
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Figure 2. Experimental sizing instrument. a Optical arrangement, b Signals

As a basis for the setup a standard Ar-Ion based laser Doppler system configured
for backscatter operation is used. An additional light sheet is generated using a
He-Ne laser, delivered to the probe by an optical fiber, and then focused by a
cylindrical beam expander. The light sheet is centered in the laser Doppler meas-
urement volume. Two additional detectors equipped with red filters are mounted
symmetrically to the optical axis of the probe. The signals from the four detectors
(two velocities, two size) are sampled and stored by a transient recorder and then

passed on to a PC for signal processing.
In Fig. 2b the experimental signals pro-
duced by a water drop are depicted. The
conditions were as follows: laser Doppler
wavelengths of 0.514µm and 0.488µm,
beam-intersection angle ±5.3°, beam-waist
diameter 50 µm; particle sizing channel
with 15µm x 150µm light sheet and re-
ceiving angles of ±27°.
Water droplets of diameter 70.7µm were
generated using a vibrating orifice particle
generator. With this particle size all frac-

tional signals are separated and any of them can be used to obtain the particle
diameter. This is demonstrated in Fig. 3, in which the sizing results for different
scattering orders are shown. For the variance estimate a set of 20 sequential sig-
nals has been used. The reproducibility of the measurements was very good,
which resulted in very small scatter of the measured size, probably caused by
actual diameter variations of the generated particles.

4. CONCLUSION  A novel optical arrangement for the combined instrument
is introduced, which uses a light sheet for the generation of the time shifted frac-
tional signals. To demonstrate this technique, simulated and experimental signals
were obtained and processed. It is found that the newly proposed combined laser
Doppler–light sheet method can be efficiently practised for particle characteriza-
tion in backscatter.

5. ACKNOWLEDGEMENTS This work was supported by “Deutsche For-
schungsgemeinschaft”  (DFG).

6. REFERENCES

1. N. Damaschke, H. Nobach, N. V. Semidetnov, C. Tropea: Optical particle sizing in
backscatter. Appl. Opt.-LP, V. 41, Iss. 27, 5713 – 5727, 2002

2. N. Semidetnov: Laser Doppler System for Diagnosis of Two-Phase Flow, Ph.D. Len-
ingrad: LITMO, 1985

3. B. Pavlovski, N. Semidetnov: Simultaneous measurement of velocity, size and con-
centrations for particles moving in two-phase flow, Measurement Technology (Iz-
meritel’naja Technika) 9, 40-42, 1991

4. S.M. Lin, D.R. Waterman, A.H. Lettington: Measurement of droplet velocity, size
and refractive index using the pulse displacement technique, Meas. Sci. Techn. 11,
L1-L4, 2000

��� � � ��� �� �	 
��� ��� ��� � �� � ��� �� � �� � � �� �� � �

��� ��� � � !"# $% &'( # ) & !"# $* ( # + &� !# � &� , - &� ��( # .

/0 12 3 45 60 7 78 9: /0 ; 68 <8 = 9 ; 68 > 1 0 ?@ 9 6 /0 4

@ 9 ; ;5 A /8 8

BCD EFG HD I JD KG E EL MN IG O KLP L Q M O KLR G O IG S M I IT U I M OG S JD O K IG J

L OV G FW XG S MY IL L OV G OG Z M L X JD CD IL[ C M X JD CG S Q M O KLR T V G X M ED C HP D

L JV\ FW OG S N D ID C L CG Y S M I IT] Q M O KLR D U S C M X F L Q IT] V G C[ EP M] C M O OD [ IL[ L

F M XD C IG NG EG V V F D CG S OYP G NG M ID JG JD K C M_^ `F[ N D ID C MR L L V G C[ EP G S C M O OD [ IL[

V C L JD ID I EG V G F IL KD FW Y IT U V\ QG P L X F\ QD IL[ S S L ED F M XD C IG NG IG H M_^a M ZG C M KG C IT D L OV T K M IL[ V CG ED JG I O K C L CG S M F L O\ bD O SD I IT D V CD L J\ bD O K S M

O] D JT O EG V G F IL KD FW IT J V\ QP G J^

�c d -e f g% c h di d g% c j , kl % f � m d �l n o hc gc -e dp fq , p � d

66

68

70

72

74

Pa
rt

ic
le

 d
ia

m
et

er
 [

µ
m

]

Fractional Signals
Surface wave      Refraction p=3.1    Reflection

STD = 0.92 [µm]

STD = 0.95 [µm] STD = 0.91 [µm]

Figure 3. Particle size estimated with
different fractional signals


