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Introduction: Over the lifetime of the surface of a 

small body, meteoroid and micrometeoroid impacts re-
work the surface [1]. Each impact generates impact 
ejecta with a range of sizes and energies that are diag-
nostic of the impact process and the surface conditions 
[2,3]. Simultaneous, in situ measurements by a future 
spacecraft could use the size and energy characteristics 
of ejecta to discern surface properties. However, previ-
ous laboratory studies and spaceflight instruments have 
generally measured only one aspect of the ejecta’s char-
acteristics, either size [2] or velocity [4]. Therefore, we 
are developing the Grain Velocimetry and Tomography 
Analysis System (GraVeTAS), an instrument intended 
to measure the shape, and 3D velocity of ejecta simul-
taneously, both under laboratory conditions and eventu-
ally in situ on small bodies. 

GraVeTAS design. GraVeTAS employs tech-
niques developed for velocimetry and nephelometry 
[5,6,7]. In a typical impact experiment in a chamber (see 
Figure 1), GraVeTAS is set up to characterize ejecta that 
pass through one or multiple, specific volumes of space. 
Laser beams encoded with a fringe pattern are projected 
through the sampling volume. Associated with each 
beam is an array of photodiodes that are color-filtered 
to collect scattered light from only one laser wave-
length. As a particle passes through the beam, the for-
ward-scattered light is collected at multiple angles by 
the photodiodes. This forward scattered light maintains 
the fringe pattern of the original laser beam. A time-se-
ries of the scattered light signals is collected by the pho-
todiodes from which the velocity, size, and shape of the 
particle is determined. 

The spacing of the peaks of the scattered fringe pat-
tern directly measures the particle velocity. Using the 
optical fringe spacing, Lf, which is set by the optics, and 
the measured time between scattered fringe peaks, t, the 
particle velocity is calculated by v=Lf/t  (see reference 
[5] for more details). By using asymmetric fringes, we 
determine the direction of the particle movement.  

We use computational tomography and Fourier- 
analysis techniques to derive the size and shape of the 
measured particle [Kak and Slaney, 2001; Goodman, 
2005]. The photodetectors sample separate Fourier 
components of the scattered light, which encode spatial 
information about the scattering particle. Thus, by sam-
pling the Fourier components we acquire sufficient in-
formation to derive the particle's dimensions.  

Ongoing work. We are currently incorporating the 
GraVeTAS instrumentation into small chambers in 

which we will conduct impact experiments, under vac-
uum, at 1 g and at lower gravity levels. The 1 g experi-
ments will be conducted in our laboratory in Boulder, 
CO. The lower-gravity experiments will be conducted 
on reduced gravity flights provide by Canada’s National 
Research Council Falcon 20 research aircraft. We will 
present the current status of this project and outline the 
near-term laboratory and flight experiments that will be 
conducted with the GraVeTAS instrumentation. 

 
Figure 1. A drawing of the impact chamber con-

figuration, used for both laboratory and reduced 
gravity flights. The actual chamber walls are trans-
parent to allow the interior to be seen. The green and 
blue lines represent the laser beams that are part of 
GraVeTAS. The laser box is at the top. 
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