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Abstract—In situ detection of non-spherical particles is very 
important for the ocean observatory, because they are the majority 
of the particles in the sea water. However, many of the current 
commercial instruments assume the spherical particles. In this 
paper, we present a method which has the potential to detect the 
orientation of the suspended rod-shaped particles in the fluid field. 
We use a simultaneous setup to measure the scattered polarization 
of the fibers suspended in the water and scan along the fluid field. 
The experimental results indicate that the intensity and degree of 
polarization (DOP) will change with the field. To explain it, we 
build a model by combining the fluid field and the scattering of 
infinitely long cylinders. The simulation based on the model can 
recover the main aspects of the experimental results. Then, we give 
the histogram of DOP of the individual fiber, which implies their 
orientation distribution. Finally, we suggest a method to retrieve the 
orientation of the fibers by measuring the full Stokes vector. 
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I.  INTRODUCTION 
In situ detection of the particles in the sea is very important for 
the ocean observatory [1]. Many of the current commercial 
instruments assume the spherical particles [2]. Unfortunately, 
the majority of the particles in the sea water are not spherical 
and even many of them are rod-shaped [3]. When these 
particles are suspended in the fluid field, their optical 
scattering of particles are subjected to not only their shape, but 
also their orientation determined by the interaction with the 
fluid field. 

Polarization has shown the promising application to 
detect the fibrous tissues [4-6]. And some researches have 
implied that the scattered polarization is sensitive to shape and 
the orientation of the suspended non-spherical particles [7-8]. 
In the early study, we have given the preliminary results about 
the scattered polarization of the glass fibers in the stirred field 
[9]. 

In this paper, we still focus on the influence of the 
orientation of the suspended rod-shaped particles in the fluid 
field. We will show the experimental results about the 
polarized-light scattering of the suspended rod-shaped 
particles when we scan in the stirred field. And then we will 

build a new model to explain and qualitatively recover the 
results. After analysis of the histogram of DOP of the fibers, 
we will finally suggest a method to detect the orientation of 
the fibers.  

II. SETUP AND METHODS. 
The schematic of the experimental setup is shown as Fig.1. In 
advance, we define the horizontal (H) and vertical (V) 
polarization states as their directions are parallel and 
perpendicular to the X-Z plane, respectively.  

The sample consists of glass fibers and the water. The 
fibers’ diameters are 10-micron and the lengths are larger than 
1mm, and so their aspect ratios exceed 100. The sample is 
contained in a glass round beaker, and mounted on a platform 
which can be moved both in X and Z directions by translating 
stages. And the center area of the stirred fluid field is defined 
as the origin point, which is assumedly coincide with the 
center point of the container. The fluid field is generated by a 
magnetic stirrer which is located on the bottom of the beaker, 
and the flow suspends the fibers. 

An incident polarized light illuminates the sample and is 
scattered by the fibers to the receiving arm. After that the 
scattered light is splitted to two orthometric polarization H and 
V and then detected by two photomultiplier tubes (PMT). The 
signals are transited to the computer by National Instrument 
DAQ.  
 Then we record VV and VH components. VV represents the 
component corresponding to V-polarization incidence and V-
polarization detection. VH represents the component with V-
polarization incidence and H-polarization detection. Then we 
combine VV and VH to obtain the total intensity, I,  

 

I VV VH= + ,                                (1) 
 

And then we calculate DOP: 
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Fig.1, Schematic of the experimental setup. S: Light Source; ND: 
Neutral Density filter, Pol: Polarizer, SP: Sample, PBS: Polarizing 
Beam Splitter, PMT: Photomultiplier Tube.  

 

 
Fig.2, Scanning line across the fluid field, along Z direction and with x 
= 4mm. 

As moving the sample at X and Z directions near the 
center area of the fluid, we measure the polarized-light 
scattering of the fibers in different field. In this paper, we scan 
the scattered light along Z axis, with x=4mm, which is shown 
as Fig.2. 

 

III. EXPERIMENTAL RESULTS 
While scanning along Z axis with x = 4mm, we can record VV 
and VH and then obtain I and DOP. Fig. 3 shows how they 
vary along the different fluid field. From Fig.3 (a), one can 
find that along Z axis, I increases and reaches a peak and then 
drops to a trough, and finally increases slowly. And positions 
of the peak and trough have certain symmetry, that is z=-4mm 
and 4mm. Accordingly, from Fig.3 (b), DOP also varies and 
has the peak and trough at certain positions, even though these 
positions don’t perfectly match with those of I. Additionally, 
there is a sub-peak around z=-8mm for DOP. Also, one can 
see that the dynamic range of I is less than 8 times, and that of 
DOP covers almost 0.2.  

IV. ANALYSIS AND DISCUSSION 

A. Model 
The experimental results can be explained by combining the 
principle of the scattering of the fibers with the stirred fluid 
field. We use the infinitely long solid cylinder to mimic the 
high- aspect-ratio glass fibers in the experiments. As shown in 

Fig.4, the scattering pattern of the infinitely long solid cylinder 
is a conical surface determined by the angle ( η in Fig.4) 
between the incident light and the orientation of the cylinder 
[10]. The distribution of the scattering and the polarization of 
the angle ( ξ  in Fig.4) along the conical sectional circle is 
provided by the scattering theory of the cylinders [11]. 

In this paper, we set the incident direction of the light as 
Z axis. And the direction of the receiving arm determines the 
received scattering direction, which is in X-Z plane. 
According the geometry, one can find that, once these two 
directions are fixed, all the fibers whose scattering contributes 
to the signal, will fall in the angular bisection plane (ABP), 
which shown as Fig.5. This ABP bisects the angle between the 
incident direction and the scattering direction, and the 
intersecting line between ABP and X-Z plane is the angular 
bisection line (ABL in Fig.5). Particularly, in this paper, the 
scattering direction fall on X axis. So both ABP and ABL 
have 45o to Z axis. 
 

 
 

 
Fig.3, Measured I (a) and DOP (b) versus z positions with x = 
4mm.  

 
 



 
Fig.4, Sketch of the scattering of an infinitely long solid 
cylinder. 

 
 

 
Fig.5, Description of the ABP and ABL, details shown in the 
text. 

 
As being stirred, the fluid field near the center area is 

composed by the downwelling flow and concentric circular 
rotating flow, which is similar with the field generated by the 
impeller [12]. The movement of the cylindrical particles in the 
fluid field has complex structure and the relationship between 
the fluid and the particles are complicated [13-14]. Even so, 
for simplicity, in this paper, we assume that the orientation of 
the fibers in the scattering volume is same as the fluid field 
and could have a Gaussian distribution.  

Based on these assumptions, we calculate the orientation 
of the fibers and the scattered intensity and DOP in the 90o 

scattering direction. Then we can simulate the experiments, 
which is shown as Fig.6. From Fig.6 (a), one can find that the 
peak and trough appear at the similar position as the 
experimental results. And also, one can find the peak and 
trough in the DOP curve, shown as Fig.6 (b). And additionally, 

there is a sub-peak in DOP around z=-4mm, which responds 
similarly to the experimental result. So, the simulations can 
repeat qualitatively the results of the experiments. However, 
we also find that the dynamic range of I is almost 400 times 
and that of DOP is 0.4, both of which are larger than their 
counterpart of the experimental results.  

 

B. Discussion. 
According to the model, the fluid field are quite different 
along Z axis, which determines the orientations of the 
cylinders in each scattering volume vary with z positions. 
When scanning along Z axis, the received polarized-light 
scattering varies. For simplicity, the orientation of the 
cylinders in the scattering volume has certain Gaussian 
distribution, which has the main orientation determined by the 
model. When the main orientation of the cylinders at certain z 
position coincidently falls in ABP, the most of cylinders in the 
scattering volume contribute to the scattered intensity captured 
by the receiving arm, and then the maximal intensity reaches. 
However, if the main orientation of the cylinders is 
perpendicular to ABP, the least of cylinders contributes, and 
then minimal intensity reaches. As a result, we can find the 
peak and trough in both experiment and simulations.  

 

 
Fig.6, Simulated I (a) and DOP (b), based on the model.  



For the received angle is 90o, ABL in the X-Z plane is 
45o to Z axis. When the (x, z) = (4, -4), the orientation of the 
fluid field is 45o to Z axis, parallel with ABL, so the 
orientation of the fibers must fall in the ABP, and all 
scattering of them will contribute to the recorded signals. Then 
I reaches its maximum at this point. Inversely, for (x, z) = 
(4,4), the orientation of the field is 135 degree to Z axis, which 
is perpendicular to ABP. So in principle, all the fibers in the 
scattering volume would not contribute to the signal. But 
considering the distribution of the fibers, still a small number 
of them fall in ABP and then the intensity is not zero. The 
points located between these two points will have intermedia 
values. From the sharp drop of I around the peak, one can find 
that the ABP determined by the incident direction and the 
scattering direction plays a dominant role in the intensity of 
the signal. 

For the related DOP, it also has peaks and troughs. But 
their position don’t coincide with those of intensity. Both the 
main orientation and the distribution of the fibers have effects 
on the final polarization. We should keep in mind that for the 
setup, only the fibers oriented in ABP would contribute to the 
signals. So for different z positions, the fibers contributing to 
the signals only occupy certain part of ABP, which is 
determined by main orientation of the field and the width of 
Gaussian distribution. So, the polarization, different from the 
scale additivity of the intensity, should be considered in vector 
manner.  

Since each scattering generates an intensity pulse, the 
signals consist of a time-series pulse. By analysis of these 
pulses and evaluating their DOP, we can give a preliminary 
statistics of scattered DOP for individual fiber. As shown in 
Fig.7, we can see that DOP dominates around 0.8, although 
the distribution can be clearly observed.  

In the previous work, we calculate the full Stokes vector 
of the scattered light, and after normalizing it with the 
intensity, we obtained the three entries vector, namely S = [q, 
u, v]. We calculated a series of S with changing the orientation 
of the cylinders in the ABP. Then we found that in the space 
of S (3 dimensions), the orientation of cylinders can be solely 
determined by S [9]. Also, we plotted the results as a curve on 
the Poincare sphere. It is clear that the orientation of any fiber 
in the ABP corresponds to a unique point in the Poincare 
sphere, and vice versa, which means that we can determine the 
orientation of the fibers by measuring S of the scattered light 
[15].   

Using simultaneous measurements of the Stokes vector 
and correlation analysis, we can also obtain the translation and 
rotational kinetics of the fibers suspended in stirred flow field 
[16]. In that paper, we found that the polarization is sensitive 
to the changes of the orientation of the fibers, and can be used 
to track it, and then characterize the movement of fibers in the 
scattering volume. 

Additionally, the experimental data were obtained by 
replacing the receiving arm in Fig.1 (PBS, PMT1 and PMT2) 
with a GRIN lens Stokes polarimeter (GLP) [17] which is 
capable of measuring all the Stokes components within a 
single shot. The experimental results qualitatively agreed with 

the calculation. However, the current system still needs further 
improvement to increase its signal to noise ratio.     

 
Fig.7, histogram of the DOP of individual fiber, and the 
measurement lasting for 10s. 

 

V. CONCLUSION 
Non-spherical particles dominate the particulates in the sea 
water. But current commercial detection tools always assume 
they are spherical shape. In this paper, we find that polarized-
light scattering has the potential to retrieve the orientation of 
the suspended rod-shaped particles. A model based on the 
combination of the optical scattering of the cylinders and the 
fluid field, has been built to explain our experimental results 
of the suspended glass fibers, and the simulation can 
qualitatively repeat the results. The conclusion of the previous 
work says that the orientation of the fibers can be solely 
determined by the Stokes vector of the scattered polarization. 
And our new histogram of the DOP of the individual glass 
fiber, gives the hint that polarized-light scattering may be the 
potential method to detect the orientation of the suspended 
rod-shaped particles. 
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