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Aerosols are well known to have significant negative impacts on human health. For space 
instrumentation, they can also be detrimental to the proper operation and integrity of 
mechanical device dynamics. Therefore, the continuous monitoring of aerosols and particulate 
materials in suspension is important for space missions, both inside spacecraft, lander 
habitation areas and airlocks, and outside for Lunar or Martian missions.  To address this 
important problem, an innovative in-situ particle in suspension monitoring approach is 
presented. This approach allows for the characterization of particle size distribution and 
concentration based on light scattering measurements at multiple angles and 3D positioning 
of individual particles in an in-situ monitored volume. This technology does not require air to 
be sampled through pumping or ventilators and thus provides a very convenient way to 
address characterization of particles in suspension in vacuum or low-pressure environments 
like the Lunar or Martian surface. Supplemental characterization modalities can be 
implemented to better address non-spherical particle shapes and various particles 
composition. The latter provides clues on the presence of carbonaceous particles that can be a 
trigger to assess early detection of fire or slow combustion. First results from a benchtop 
prototype show a size detection limit of 0.3 µm and sizing accuracy better than 20% on actual 
size for sebacate oil particles. These also show the relative independence of the particle sizing 
accuracy with respect to its composition for carbonaceous material particles, while 
information can be extracted to discriminate sebacate oil particulates from carbonaceous 
ones. Possibilities to implement fluorescence and polarization measurements for enhanced 
information to monitor specific particulate compositions and shapes, using easy to integrate 
supplemental components, are also presented. 

Nomenclature 
AAC = Aerodynamic Aerosol Classifier 
CPC = Condensation Particle Counter 
iSIPS = in Situ Individual Particle Sizer 
OPC = Optical Particle Counter 
PM2.5 = Particulate Matter having an effective aerodynamic diameter of less than 2.5 µm  
PM10 = Particulate Matter having an effective aerodynamic diameter of less than 10 µm  
ROI“X” = Region Of Interest relating to mirror number “X” 
UV = Ultra Violet 
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I. Introduction 
EROSOL’S negative impacts on human and biological health are of particular importance for inhabited space 
missions. Besides these negative health impacts, lunar dust is known to be corrosive and can thus jeopardize 

proper operation and integrity of moving mechanical devices and parts. The continuous monitoring of dust and 
particulate materials in suspension is relevant in space environment inside or outside modules, and in airlocks.  
 
Multiple experimental and commercial devices use measurements of scattered light combining either multiple angles, 
wavelengths, and polarisation or a combinaison of these into nephelometer instruments. These generally perform 
measurements of scattered light from multiple particles at the same time and thus lack the capability to discriminate 
characteristics of individual particles1,2. On the other hand, Optical Particle Counters (OPC) assess the particle size 
one at a time through continuous air samples flowing through a confined measurement volume. The particle flowing 
in this volume scatters light from a collimated laser source traversing the flow at a perpendicular angle. The measured 
particle sizes are then compiled over time to infer the particle size distribution. An innovative monitoring approach 
for particles in suspension is presented, in a preliminary manner, herein having intrinsic characteristics that appear to 
be well suited for inhabited space missions. It is called iSIPS for in Situ Individual Particle Sizer. This approach allows 
for the characterization of particle size distribution and concentration in different ranges depending on the employed 
data processing approach. iSIPS could assess particle size distribution from individual particles, one at a time. It could 
also use more conventional nephelometric inversion approach when the particle concentration does not allow for 
individual particle discrimination by the instrument. In this paper, only the individual particle characterization 
approach will be presented. iSIPS does not need air sampling through pumping or ventilators and thus provides a very 
convenient way to address the characterization of particles in suspension in a vacuum environment like the Moon or 
Mars surface. This capability also allows for a single device to address environments having various air pressures 
including cabins and air locks of the transit lander vehicles. It also provides improvements over air sampling aerosol 
monitoring systems that usually require periodic calibrations and maintenance. Its design prevents the possibility of 
air clogging in small inlets, or screens, and can be easily maintained or potentially have self-cleaning features. iSIPS 
size, weight and power consumption can be made fairly small. That makes iSIPS an excellent candidate to be 
incorporated as an air quality monitor into filtration systems or other air cleaning technologies. 

II. Concept of Operation of the iSIPS approach 
The iSIPS patented approach3 uses very simple components which makes it robust by design. iSIPS is based on 

the imaging of particulates that are illuminated by a laser diode or a LED on a camera. Mirrors are positioned between 
the camera and the particules to allow the imaging of each particules from different observation angles.  The scattered 
light from the particles that is redirected by the mirrors is mainly from a forward scattering direction. This offers the 
advantage of making the sizing approach to be less sensitive to particle composition and shape. The collected 
information from image analyzis is then converted into particle size for each particle identified in the images. These 
particle sizes can then be collectively analyzed to infer the particle size distribution. As will be seen, the smaller 
sensitivity of the sizing capability with respect to particle composition and shapes does not prevent the possibility to 
discriminate dust changes in composition. This is particularly true when discrimination is needed between carboneous-
like particles from pre-combustion and combustion smokes, particles from lunar dust, or particles from typical 
spacecraft cabin dust. 

A. Example of the Concept 
Figure 1 is a typical representation 

of the technology deployment with its 
main components. The light source 
generates a light beam that 
illuminates particles within a certain 
volume. The light that is scattered by 
a particle is deflected by mirrors 
toward a camera. The camera collects 
the scattered light from each particle 
at different scattering angles, 4 angles 
from 4 mirrors in this 

A

Figure 1. Typical representation of the iSIPS approach. 
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implementation, to form 4 images of the same particle on the camera sensor. 
 
Figure 2 gives an example of an 

image obtained with particles having a 
diameter of 0.8 µm with indications of 
mirror limits (blue lines) using a 532 
nm laser diode. The approximative 
number concentration of particles was 
500 to 700 particles/cm3. Assuming 
density of particles to be 1 to 2 g/cm3, 
this would make concentration in the 
range of 1 to 2.4 mg/m3. This is 
considering the individual particle 
characterization mode as described in 
the introduction. Further 
customization is possible to accommodate and extend these capabilities for eventual specific critical concentration 
ranges.  An example of the position of one specific particle in each of the 4 images from the different mirrors is 
illustrated by yellow circles. From the relative positions of a specific particle in each image, it is possible to position 
this particle in 3D space with respect to the camera and mirrors and thus with respect to the light beam. With this 3D 
position one can calculate the corresponding scattering angles of the light from that specific particle with respect to 
the light beam direction of propagation. The bright spots for that specific particle in each image can be associated with 
a specific scattering  intensity.  

Table 1. Relative Intensity Measured at different scattering Angles 
Table 1 is an example of the relative 

intensity measured for a specific particle in 
the sub-images and the corresponding 
scattering angles. From this information, 
experimental calibration results can be used 
to obtain the corresponding size of the 
particle that would generate these relative 
scattering signal intensities.  

 
The Mie theory is 

often used to assess 
the scattering of light 
by aerosols at 
different scattering 
angles and is 
particularly 
convenient for 
spherical particles. It 
is also used for 
different shapes of 
aerosols4. An example 
of a calculated Mie 
scattering intensity 
plot is given in Figure 
3 with the 
corresponding angle 
positions of the 
measured intensities 
from the particle 
illustrated in Figure 2. 
Using the relative 
scattering intensities 

Image # Scattering Angle 
(Degrees) 

Measured Intensity 
(Counts) 

1 5 370 

2 12 250 

3 20 140 

4 30 45 

Figure 2. Example of an image obtained with the iSIPS approach. 
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Figure 3. Plot of calculated Mie angular scattering cross section obtained for dust-like 
spherical particles of different diameters for a light source at a wavelength of 532 nm. 
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measured at different scattering angles, one could use a calibration of the device with known particle size to assess 
the particle diameter for each particles that can be identified in the image of the iSIPS apparatus.  

This can be done using ratios between intensities measured at different scattering angles. This approach has an 
interesting advantage over existing particle sizing approaches that use scattering intensity obtained from particles at 
around 90 degrees. In the right-angle detection approach, the particle size measurement is based on absolute signal 
measured; therefore, any fluctuations of light source intensity or detection response would impact the corresponding 
particle sizing.  The proposed iSIPS approach, however, employs relative signals intensity and signal fluctuations 
coming either from the light source or attenuation from dust accumulation on optical surfaces will not significantly 
impact the particle size measurements. 

The example in Figure 3 is based on the Mie theory of scattered ligth by spherical particles, which is flawed when 
particle shapes deviate from spheres or have different refractive indexes. However, the iSIPS approach, based on ratios 
of measured light intensity at different scattering angles, does not require direct Mie inversion and a similar approach 
based on ratios of measured light intensity at different scattering angles could be used for particles with different 
shapes and composition. This assumes proper experimental calibration can be performed with particles of known size 
as explained below in section IV D Particle Sizing Capabilities. 

B. Reducing the impact of particle composition on particle sizing capability and adding early fire detection 
capability 

 Another important 
advantage of the iSIPS 
approach over existing 
aerosol particle sizers, 
which are based on 
light scattering 
measurement at around 
90 degrees, is lower 
sensitivity to the 
particle composition.  

Figure 4 is the 
general behavior of 
calculated angular 
scattering cross section, 
or scattered light 
intensity, for particles 
of different 
compositions for a size 
distribution with a 
median diameter 
around 0.88 µm and 1.5 
µm, with a geometric 
standard deviation of 
0.8, for a light source 
wavelength of 532 nm. 
Figure 4 shows that for 
small particles, the 
relative intensity of scattered light is not greatly affected at scattering angles below 25 degrees. However, the change 
in scattered light intensity is significant, close to one order of magnitude, at 90 degrees. The latter approach, that is 
solely based on absolute signal intensity, would significantly impact particle size assessment. Comparison between 
curves obtained with carbonaceous for 1.5 µm distribution and dust-like material at 0.88 µm show that error could be 
more than 50% over sizes assessed from 90 degrees measurements. 

A measurement of the particle diameter based on relative signal intensity of scattered light in the forward direction 
at relatively small angles, such as in the iSIPS approach, would be much less impacted. However, the relative intensity 
of signal measured over angles larger than 30 degrees would be much less for the particle made of carbonaceous or 
more absorptive compounds. For iSIPS, this would point toward a composition of absorptive materials for that particle. 
This information combined to changes in particle size distribution could be interpreted as smoke coming from pre-

Figure 4. Plot of calculated Mie angular scattering cross section obtained for a size 
distribution around 0.88 µm and 1.5 µm. The light source wavelength is 532 nm and
the  refractive index values are 1.750+0.445i (Carbonaceous), 1.547 + 10-8i (Quartz)
and respectively 1.530 + 0.008i (Dust-like). Size distributions are normalized to one 
particle per cubic meter. 
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combustion or combustion.  An alarm mechanism for early fire detection could thus be envisioned based on that kind 
of information from the iSIPS measurements if such behaviors are observed over an increasing number of particles.  

C. Improving robustness and lifetime expectancy while reducing maintenance 
The iSIPS approach does not require the use of a pump or a ventilator to sample air and this results in multiples 

advantages. Among these, and highly relevant for space applications, is that it makes it much less subject to failures. 
This comes from the fact that no moving mechanisms are involved in its operation. Also, this prevents the need to 
perform regular maintenance to ensure proper calibration of the pumped flow that is used to assess the number of 
particle per unit of air volume. This also prevents clogging of filters or dust accumulation on inaccessible optical 
surfaces for cleaning. Thus, no dismantlement of the instrument is required to allow for maintenance and cleaning. 
Furthermore, being able to monitor suspended particles in-situ will allow iSIPS monitor to function in standard 
pressure atmosphere as well as in significantly depleted atmospheric pressure or even in vacuum. Another advantage 
is that particle larger than 20 µm can be measured without being lost in the inlet of the instrument due to their large 
inertia. The packaging of the device can be done in such a way that optical windows would prevent dust to reach 
critical components such as the mirrors and camera. Finally, especially for space applications where the instrument 
will be exposed to abrasive regolith particles, having no moving mechanisms will extend the life expectancy of the 
instrument. All these makes iSIPS a very robust approach well suited for air quality monitoring in space applications. 

D. Self-diagnostics, self-calibrations, and software upgrades 
The overall process for particle size determination is 

presented in Figure 5. The images produced by the 
hardware setup are obtained through the first 4 blocks. 
The following steps involved, blocks 5 to 7, are 
performed through software and can thus be performed 
with different image and data processing algorithms. 
This means that performance improvements could be 
possible through implementation of optimized 
algorithms and using AI developments.  

Thus, performance improvements could be 
implemented to an iSIPS monitoring device through 
software upgrades without affecting the hardware aspect 
of the device. These include: better assessment of 
particle positioning, better assessment of particle size 
and size distribution, extension of sizing and 
concentration measurement ranges, improved 
discrimination of composition. But it also includes the 
possible implementation of self-diagnostics for: the data 
quality of measurements; alignment of components; 
cleanliness assessment of optical surfaces through image 
processing and data analysis. It could also be envisioned 
to perform self-calibrations of the system through data 
analysis.  

These upgrading capabilities could be advantageous 
to allow improvements of air quality monitoring 
capabilities, or to adapt for performance degradation of 
components over time, or to reduce power consumption, and to improve robustness for missions or space module 
usage performed over long period of time (e.g. multiple years). Different processing methods, with a single hardware 
configuration, could also lead to easier deployment of the technology for different use cases and applications. 

III. Description of the iSIPS Breadboard Prototype 

A. Prototype components 
Figure 6 shows the iSIPS prototype used to perform experimental validation of the iSIPS concept with respect to 

particle sizing capabilities. To give an actual idea of the scale, the distance between the center of adjacent holes on 

Figure 5. Flow chart of the  particle  sizing method. 
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the breadboard is 2.54 cm. 
The source is laser diode 
emitting at a wavelength of 
532 nm with a power of less 
than 50 mW. The camera is 
a monochrome camera of 
2.3 megapixels. The 
deflectors are flat first 
surface reflection mirrors. 
The distance between the 
monitored volume (in green 
in the picture) and the 
camera, going through a 
reflection on a mirror, is 
roughly 33 cm. The 
measured scattering angles 
for this prototype range 
roughly from 10° to 50°. 
The maximum aperture of 
the camera lens is 6.67 mm. The chessboard patterns are used to precisely position and orient the mirrors and camera 
with respect to one another, within one millimeter, in the simulation model of a specific setup, or configuration. In an 
adapted field device, a beam dump and baffles will prevent direct eye exposure to the light beam if required. The size 
of a field deployable instrument is expected to be in the range of 180 mm X 100 mm X 45 mm. 

B. Monitored volume 
The size of the monitored volume by the laser beam is approximatively 25 mm along the propagation axis of the 

light beam, 2.5 mm wide in the plane of the breadboard, and 16.5 mm in height perpendicular to the plane of the 
breadboard. This makes a monitored volume of approximatively 0.8 cm3 per image. Image frame rate of cameras can 
be over 100 images/s. This would correspond to concentration measurement performed at 100 Hz. In case where the 
air movement is fast enough, e.g. 1-2 m/s, the particles would be refreshed in the monitored volume for each image. 
This would give something around 0.08 liter of air sampled per second or 4.8 liters per minute. However, one needs 
to take in consideration that the light beam spatial intensity distribution is not uniform. It has an ellipsoidal Gaussian 
shape in the orientation perpendicular to its direction of propagation. Thus, the effective monitored volume will depend 
on the angular scattering cross section of a particle and on the minimum and maximum intensity that can be measured 
in the image obtained by the camera. Since the angular scattering cross section depends on the diameter and 
composition of the particles, it will also affect the effective monitored volume. 

Knowing these behaviors opens the door to another advantage of the iSIPS approach. It covers a large dynamic 
range from the measurement perspective. The size of the particle can make the angular scattering cross section 
covering multiple orders of magnitude, if one wants to measure particle diameters ranging from 0.2 µm to 100 µm for 
instance. Fortunately, the beam intensity distribution profile also covers orders of magnitude. Thus, larger particles 
could make the intensity to saturate the camera when imaged close to the center of the light beam with the maximum 
intensity and this part of the volume would need to be rejected for these particles. However, the sides of the light 
beam, with smaller intensity values, will prevent the saturation of the image on the camera and will allow proper size 
diameter to be assessed. And the same portion of the beam will possibly not allow smaller particles to be detected. 
Overall, this will allow relative probability of detection of different diameter particles to fit within closer ranges than 
with current monitoring approaches.  

C. 3D positioning of particles 
Step 5 of the particle sizing process presented in Figure 5 above intrinsically includes the positioning of the particle 

in 3D space with respect to the mirrors and the camera. This is an essential part to get the proper scattering angles for 
the different sub-images of a specific particle as well as the angular coverage of a specific particle in the sub-images 
through the mirror extent and through the aperture of the lens of the camera. These angles allow for the size of the 
particles to be obtained from the ratios of the measured signal intensities. The specific configuration of the iSIPS 
approach can be calibrated in order to allow photogrammetric measurements to be performed from one camera. The 
photogrammetric process uses the set of sub-images, obtained from the reflection on different mirrors, that acts as 

Figure 6. Picture of the iSIPS breadboard prototype as seen from the 
top. 

M
irrors 
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different cameras that would be positioned behind each one of the mirrors. In the present iSIPS setup, it is like if we 
would work with 4 cameras and we can thus use these to find the 3D position of each particles using photogrammetric 
algorithms. From the positioning precision and accuracy demonstrated below (see section IV C), one can assess a 
scattering angle error of less than 0.05°. From the camera lens aperture, the scattering angular extent will be in the 
range of 1.2° which is precisely calculated in the simulation model for each specific particle position. Each, position 
of a particle inside the monitored volume can thus be precisely known. Also, the beam intensity at that position can 
be well characterized. At each position corresponds 4 specific light scattering measurement angles and intensities. 
One can thus see each position as a measurement voxel that will be defined by the accuracy in position that can be 
obtained by the 3D positioning. Overall, the advantages of this approach is that, it is like having hundreds to thousands 
of OPC each providing measurements at 4 different scattering angles simultaneously in a single image captured by 
the camera. 

IV. Preliminary Results 

A. Experimental Setup 
The breadboard 

prototype described 
above has been 
integrated into an 
experimental setup. To 
allow for better control 
of the monitored 
aerosols and to reduce 
contamination from 
ambient aerosols, a box 
has been introduced 
around the monitored 
volume of the iSIPS 
prototype as shown on 
Figure 7. 

The inputs of the 
box, black tubes near 
the box cap at right, are 
the generated particles and the clean air entrance. The tube connecting to the vacuum pump at the bottom of the box 
sucks out the particles from the box. The hole above it is used to give access to a reference monitor, in the present 
case a Grimm model 11-E air quality monitor. The box location was tuned such that there is no reflected light from 
the laser in the box introducing stray light to the camera through the mirrors.  

Figure 7. Aerosol control box integrated into the breadboard prototype of 
iSIPS. 

Aerosol Control 
Box 

Aerosols Entry 

Vacuum 

Acces for 
reference monitor 
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B. Aerosol Generation Setup 
The particle generating setup (for 

bis (2-ethylhexyl) sebacate and 
Fomblin materials) includes an 
atomizer, aerodynamic aerosol 
classifier4 (AAC), AAC flowmeter, 
ultrafine condensation particle counter 
(CPC), vacuum pump, vacuum 
flowmeter, clean-air source, clean-air 
flowmeter, filters and valves.  The 
schematic of the aerosol generation 
setup for sebacate and Fomblin is 
briefly illustrated on Figure 8. Aerosols 
having somewhat monodispersed 
aerodynamic diameters were generated 
between 0.2 and 5 µm. The upper limit 
being fixed by the AAC range of 
operation. The CPC was used to 
measure the particle number 
concentration per cm3.  Relative 
concentration presented for 
measurements to the iSIPS prototype  
inside the box was controlled using a clean air flowmeter. The vacuum flow rate was adjusted to correspond to the 
particle and clean air flow rates to avoid accumulation of particles inside the box and to ensure that no significant 
amount of ambient particles were brought into the monitored volume of the iSIPS prototype. 

C. First Experimental Observations: Preliminary validation of proof of concept  
To validate proper functioning of the 3D positioning of particles, that is essential to particle sizing, some results 

are presented on Figure 9. These results have been obtained with quasi-monodisperse sebacate particles having an 
aerodynamic diameter of 400 nm and having a number concentration of 300 to 600 part/cm3. The x axis corresponds 
to a direction perpendicular to the direction of propagation of the light beam and parallel to the plane of the breadboard. 
The y axis corresponds to a direction perpendicular to the direction of propagation of the light beam and perpendicular 
to the plane of the breadboard. The z axis corresponds to the direction of propagation of the light beam. ROI (Region 
Of Interests) numbers refer to sub-images corresponding with the same numbers for the mirrors of the iSIPS prototype 
configuration. The Power ROI “X” corresponds to the number of counts (or intensity counts) summed in the sub-
image for the pixel aggregates representative of a particle in this same sub-image. 

The 3D positioning capability is confirmed from the Gausian-like shape of the intensity envelop in the x and y 
direction corresponding with the size of the laser beam in the monitored volume.This is observed for all ROIs meaning 
that particle correspondances are well addressed for all sub-images. For monodisperse particles, one would expect that 
the maximum intensity measured at different positions in the laser beam would be related to the intensity of the beam 
in the x and y directions. And since the beam intensity distribution profiles are Gaussian-like distributions in these 
directions, Gaussian-like intensity distributions, or Power, are observed. The more confined beam spatial distribution 
in the x direction allows one to assess that the 3D positioning accuracy is most probably within 100 to 200 µm for the 
majority of particles.  

One other observation allows one to conclude that with this iSIPS prototype, 400 nm particles can clearly be 
detected. Other experiments have shown that the limit of detection with respect to size for Fomblin occurs for particle 
diameters slightly below 300 nm. 

Plots of Power ROIs with respect to one another displays linear curves. This demonstrates that sizing can most 
probably be performed based on a calibration or using simulations of scattering angle cross section with Mie theory 
or combinations of the two (see Figure 11 below). From Figure 3, it is anticipated that 400 nm diameter particles do 
not produce the strongest intensity signals on the collected images. The fact that these ratios results are confined along 
specific lines for different ratios thus give an indication that measurement errors (standard deviation) are within 10-
20% in the worst case. Particularly when considering that particle diameters were not themselves confined within less 
than 10-20% during the experiment (see Figure 10). 

Figure 8. Schematic of the Aerosol Generation Setup. 
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Finally, the light beam spatial intensity distribution can be characterized using proper means or even through 
measurements with monodispersed particles has illustrated here. The relative number of particles of a specific size 
can be found in a known sub-volume of the light beam from its 3D position. With this information, one could assess 
the effective monitored volume for each particle size measured and thus the effective particle size distribution, or 
number of particle per size bin per unit volume. The results presented in Figure 9 thus demonstrate the potential sizing 
capability of the iSIPS approach as well as the corresponding potential capability to assess the particle size distribution. 
 

 
Figure 10 presents an example of the measurements 

performed with the Grimm reference monitor during the 
same test as the one used for Figure 9. The physical 
diameter of sebacate when corrected for the mass density 
is 420 nm. The Grimm results thus display some 
discrepancies with what should be expected since the 
particle size distribution is significantly downsized with 
respect to the actual 420 nm diameter. However, these 
kind of apparatus are known to be sensitive to the 
composition of the material through its index of 
refraction. It would thus need to be specifically calibrated 
with sebacate to ensure proper accuracy of the measured 
diameters5. One interesting information provided is that 
the monodispersed distribution is not confined within the 
expected 5% around the anticipated diameter. 

Figure 9. Example of 3D positioning of particles into the laser beam intensity distribution profile and 
preliminary validation of proof of concept for particle sizing. X, Y, and Z scales are in mm other 
scales are in Counts. The Power ROI “X” corresponds to the number of counts (or intensity counts) 
summed in the sub-image (or mirror “X”) for the pixel aggregates representative of a particle in this 
same sub-image. ROI “X” vertical scales are also Power ROI “X” to be multiplied by 103. Diagonal 
graphs are histograms of relative number of measurement points involved at specific Power counts 
or spatial coordinates. 
 

Figure 10. Measured particle size distribution 
using the Grimm instrument for results presented 
in Figure 9.  Results are not corrected to take into 
consideration the index of refraction of the 
Sebacate. 
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D. Particle Sizing Capabilities 
 

Figure 11 shows the different values of ratios of the relative intensities measured in the different sub-images, or 
ROIs, from the four mirrors. ROI 4 power ratio is represented by the size of the dots. These have been obtained for 
particle having physical diameters: 0.315 µm; 0.42 µm; 0.525 µm; 0.84 µm; and 1.05 µm. This displays a fairly good 
discrimination occurring for different particle diameters. One should take into consideration that the particle size 
distribution of the monodispersed particles generated to obtain these results was not very well confined (see Figure 
10) and that some particle contamination was occurring from ambient aerosols. Results from the simulation of the 
iSIPS setup using Mie theory for spherical particles are also illustrated with the dotted line and show a good agreement 
(see also Figure 12). It is also to be noted that these results are built from particles scattering light at different angles 
from their different positions in the monitored volume. Thus, it is expected that the ratios will be slightly different 
depending on their respective position and size as could be understood from Figure 3. 

Figure 12 gives a similar representation as Figure 11. But this time, using results from a simulation taking into 
consideration the actual physical configuration of the iSIPS prototype setup and the generated images through angular 
scattering cross section calculations for specific dust-like particle diameter using Mie theory. The configuration 
simulation is considering multiple physical parameters such as: the laser wavelength and line width, distances between 
particles and mirrors, mirrors to camera, camera entrance pupil, and the corresponding relative angular  coverage from 
these for the Mie calculation based on particles having a dust-like composition refractive index. The dots presented in 
the figure are obtained for particles positioned at the center of the monitored volume. The comparison with the 
experimental results shows that the general behavior is well represented through Mie theory. For spherical particles, 
it would then be possible to infer the particle diameter from measurements through simulations and modeling 

Figure 11. Representation of the measured intensity ratios from the sub-images of the ROIs, or mirrors, 
obtained for different particle diameters. Size of dots is representative of the Power ROI4/sum(Power)
ratio. 
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performed using Mie theory. In 
the worst case, some corrections 
to the model could be performed 
once reliable experimental data 
are available. One should 
consider the specific position of 
each particle inside the 
monitored volume and building 
specific calibration for small 
voxels in that volume rather than 
the general approach presented 
here. This should help to gain a 
better representation of results 
with a reduced dispersion of the 
points on a calibration curve and 
reduced errors from a general 
calibration for all the monitored 
volume. Thus, the preferred 
approach is the voxel-by-voxel 
calibration which takes into 
account both factors: distance of 
particles to camera and 
scattering angles. Considering 
experimental errors, it is to be 
noted that the identification 
process (step 5 in Figure 5) used 
to spot a specific particle in 
images uses an intensity 
thresholding with respect to measurement background noise level. Naturaly, this process combined to noise level in 
the measured intensity levels will impact more the ratios based on small signals. This is not currently taken in 
consideration. This will need to be implemented to get consistent interpretation of results with larger statistical weight 
given to ratio measurements based on larger intensity levels to build the resulting particle size distribution. Also, it is 
known that regolith and smoke particles usually display anisotropic, or irregular, shapes that significantly diverge 
from spherical particles6. This will translate in the light scattered from these particle through anisotropic light 
scattering7. It is anticipated that using proper samples one can specifically characterize these through experimentally 
measured intensity ratios curves such as Figure 11. Using these, one could use different calibration and analysis 
approaches such as principle components (currently implemented), hyperplane regressions, support vectors matching 
or machine learning to enable fairly accurate particle sizing combined with some discrimination capabilities with 
respect to particle compositions.  

V. Other Possible Implementations of iSIPS 

A. Measurements of Particle Fluorescence and Reflectance Spectra  
The current measurement and characterization of suspended particles offered by the iSIPS approach can be 

extended further, still using simple components. As an example, Figure 13 is the addition of spectral modalities to the 
iSIPS approach. As illustrated, the addition of mirrors reflecting different spectral bands, above and below the mirrors 
of the central line, would allow the  characterization of fluorescence spectra generated by particles illuminated by UV 
or blue light source. Mirrors of the central line could still be used to size the particles. The obtained fluorescence 
spectra would provide information about the composition of each particles that would be illuminated in the monitored 
volume. Since a large proportion of mineral and organic materials displays fluorescence emission, this could provide 
very interesting and relevant information on the particle composition in the context of crewed missions related to 
planetary exploration.  

The fluorescence measurements could also include lifetime measurements to further extend the information that 
could be related to the material composition the particle. For example, time-of-flight camera could be used in 
synchronism with a fast modulation of the light source to provide direct measurements of the fluorescence lifetime. 

Figure 12. Representation of the simulated intensity ratios from the sub-
images of the ROIs, or mirrors, obtained for different diameters of dust-
like particles using Mie theory. Size of dots is representative of the 
Power ROI4/sum(Power) ratio. 
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The same kind of setup could be used to 
measure the reflectance spectra of suspended 
particles if the light source offers a large band, 
or polychromatic, emission spectrum. 

In a more simplified manner, these 
capabilities could be easily implemented with 
the use of a color camera covering the visible 
spectrum. 

B. Polarization 
In a similar manner, polarization 

measurements could be introduced in the 
iSIPS approach by either using a commercial 
camera allowing polarization imaging or by 
using different polarization filtering on 
different mirrors. The possibility to use a light source with a fast control of the polarization could be an advantage in 
this kind of implementation to increase the flexibility of provided polarization measurements.  

Regolith particles are known to display very irregular shapes and measuring the polarization could provide 
information that could be associated to such irregularities. Thus, this could enhance the possibility to discriminate 
regolith particles from other sources of suspended particles.  Also, lint elongated particles could also be more easily 
identified through polarization information collected from particle measurements with the iSIPS approach.  

 

VI. Conclusion 
An innovative approach allowing the characterization of particles in suspension has been presented. The first 

characterization scheme is targeting particle sizing and particle size distribution. First experimental works provide a 
good illustration with respect to the particle sizing capabilities. However, further development of models, algorithms 
and software will be required to fully demonstrate its level of performance for particle size distribution capability. In 
particular, the fact that regolith and smoke particles will present anisotropic shapes and corresponding scattering 
behaviors that will somewhat differ from the Mie theory for spherical particles. To this end, Q-Space analysis of light 
scattering phase function by particles will be explored8. This is a potential tool to support implementation of new 
experimental and numerical model approaches. This could surrogate limitations from the spherical model used up to 
now. Sorensen et als conclusions suggest that specific configurations could lead to non-sensitivity of light scattering 
behavior to particle shape. These could be developed and validated in the short term through currently available and 
future experimental data. The first targeted application for these capabilities is air quality monitoring of crewed 
missions and modules.  

As stated, the iSIPS approach offers multiple advantages over more commonly used systems for air quality 
monitoring for space application. The principal one being the absence of a pump used to sample the air. This provides 
the possibilities to have smaller, lighter, and less noisy instruments also requiring lower power consumption. In 
addition, since no moving mechanisms are required, such as pumps and ventilators, it also reduces related maintenance 
such as calibration and repairs. Overall, it is also improving the potential life expectancy of the air quality monitoring 
devices built on the iSIPS approach over other approaches. Refreshment of air sample to the device will be ensured 
through proper position and orientation of the monitored volume with respect to the ventilation air flow. Finally, for 
modules requiring air quality monitoring inside air locks, iSIPS offers the possibility to operate effectively and 
characterize particulate in empty space. To our knowledge, this makes the iSIPS approach a unique candidate for such 
needs. 

The next targeted space application would be to use measurements from an iSIPS monitor to identify and quantify 
the presence of carbonaceous aerosols among the more conventional aerosols. This capability would allow for early 
detection of fire from the detection of pre-combustion and combustion smokes. This could most probably be performed 
through software upgrades to iSIPS monitors that would be already installed in space modules. 

Eventually, it could be envisioned that further software developments based on the same hardware could allow to 
discriminate Moon and Mars regoliths from more conventional particles. In this case, this would extend further 
applications of iSIPS monitors to Lunar and Mars exploration modules. 

Figure 13. Illustration of the addition of spectral modalities to 
the iSIPS approach. 



13 
International Conference on Environmental Systems 

 

 

As illustrated, other modalities could be implemented to the basic iSIPS approach to further enhance its 
capabilities. The introduction of spectral and polarization measurements would provide more detailed information on 
the suspended particle compositions. This could extend its applications from air quality monitoring for crewed 
missions to planetary exploration missions. For example, having the possibility to monitor the suspended particles 
characteristics that are generated at landing and departure from the Moon surface could provide details about the 
processes that are involved and allow to anticipate better their consequences on on-going or future missions. Also, 
having very detailed information on Lunar dust composition in real-time could provide relevant tools to explore and 
map the Lunar surface and its geographic mineral content to better plan future mining activities. 
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