
 
 
 
 

SOOT PARTICLE SIZING BY INVERSE ANALYSIS OF MULTIANGLE ELASTIC 
LIGHT SCATTERING 

 
D. W. Burr1,  K. J. Daun1, O. Link2, K. A. Thomson2, and G. J. Smallwood2 

 
1Department of Mechanical and Mechatronics Engineering, University of Waterloo, 

Waterloo, ON N2L 3G1, Canada 
2Institute for Chemical Process and Environment Technology, National Research Council Canada, 

Ottawa, ON K1A 0R6, Canada 
 
 
 
 
ABSTRACT.  Recovering the size distribution of aerosolized soot aggregates from multiangle 
elastic light scattering data requires solving an inverse problem.  This paper presents a methodology 
that uses maximum à posteriori (MAP) inference to stabilize the inversion by introducing prior 
information about the size distribution of the soot aggregates.  
 
 

INTRODUCTION 
In most combustion processes unburned pyrolized fuel forms nanospheres called primary particles, 
which in turn agglomerate into polydisperse fractal soot aggregates.  The impact of these aggregates 
on human health [1] and the environment [2] is a function of their transport properties and 
absorption and scattering cross-sections.  Given the dependence of these attributes on aggregate 
morphology, especially the number of primary particles per aggregate, there is a need for 
instruments that quickly and accurately characterize the size distribution of aerosolized soot 
aggregates. 
 
One way to do this is by extracting aggregates directly from the aerosol by thermophoresis and then 
imaging them using transmission electron microscopy (TEM).  This method is time consuming, 
however, and results may be biased since certain particle sizes may be preferentially attracted to the 
TEM slide, among other factors [3].  An alternative is to shine collimated light through the aerosol 
and then infer the aggregate size distribution from the angular distribution of scattered light [4].  
This method potentially gives more spatial and temporal refinement than physical probing, and a 
properly-calibrated instrument can provide near-instantaneous results.  
 
Most often, particle sizing through multiangle light scattering is done by assuming the aggregates 
obey a prescribed (usually lognormal) distribution type and then determining the distribution 
parameters that best explain the data, either by analyzing features of the curve formed by plotting 
angular scattering intensity versus the scattering wave vector [4-7], or through least-squares fitting 
to experimental data [8, 9].   
 
Unfortunately, these procedures often produce ambiguous solutions due to the fact that the soot 
aggregate size distribution is related to angular scattering measurements by an integral equation, 
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where g(θ) is the measured scattering data, Np is the number of primary particles per aggregate, 
P(Np) is the unknown size distribution of the soot aggregates, and K(θ, Np) is a kernel function 
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