
Pair Correlation Function

Abstract

ISARRA 2018, Boulder, CO, July 9-12 2018

Development of a Holographic Cloud Particle Imager for UAVs
1Daniel R. McAdams, 2Kevin Miller, 2Michael Snow, 2Brandon Boiko, 3E. M. Wilcox, 3L. Gao, 1Andrew M. Harrington, 1Graham J. Stoddard, and 1James F. Christian

1Radiation Monitoring Devices, Inc., 44 Hunt Street, Watertown, MA 02472, 2High Precision Devices, 4601 Nautilus Ct. S., Boulder, CO 80301
3Desert Research Institute, Reno Campus, 2215 Raggio Parkway, Reno, NV 89512

Light-weighting

Particle Size and Concentration

This material is based upon work supported 
by the U.S. Department of Energy, Office of 
Science, Office of Biological and 
Environmental Research program under 
Award Number DE-SC-0015082.

Monte Carlo Simulation

 System is mounted in a standard 
PMS canister.
 Power: 3.25 A at 110 VAC.
 Weight: Check with HPD.
 Two twisted pairs for Ethernet.

Design for Manned Test Flight

 Many current climate models assume a homogeneous and
uncorrelated spatial distribution of the particles within clouds.

 In situ measurements point toward small-scale (mm to m)
correlations between particles due to droplet inertia and
turbulence and adjusting climate models to account for the
inhomogeneity of clouds would increase the accuracy of climate
predictions.

 Many current particle-counting measurements are plagued by
artifacts due to shattering.

 This work presents the development of a UAV-mountable
holographic cloud particle imager (HCPI) that measures both the 3D
spatial distribution and size distribution of cloud particles in the
10 𝜇m to several millimeter size range in a sample volume of about
20 cm3, which enables the calculation of the pair correlation
function and the recognition of shattering.

 A literature review shows the range 
of potential particle sizes to be close 
to the current 14 𝜇m resolution 
(7 𝜇m per pixel) performance of the 
HCPI.

 Marine clouds have a majority of 
mass in particles larger than current 
resolution.

 Monte Carlo simulation of the top of atmosphere shortwave flux for 
clouds with various spatial distributions.

Future Work

In-Flight Data Transfer

 Reduce structural stiffness assuming 
lower airspeeds on drone.

 Transfer all electronics to a single PCB, 
including camera CCD.

 Reduce size/thickness of canister.
 High Precision Devices (HPD) estimates 

that these changes can get the 
instrument mass down to 6 kg.

 Quantify “patchiness”  𝜂 with pair 
correlation function, 𝜂(𝑟). 
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Number of Particles 𝑛.
 𝜂 → 0 : Poisson, >0 Patchy, 

<0 Uniform.

Benefits from UAV mounting
 UAV-mounted cloud instruments enable greater sampling statistics 

(every cloud is different). 
 The long-term promise of UAVs is reduced cost of operations.
 The HCPI not only provides data for radiative transfer models, but 

also models of raindrop production by collision/coalescence and 
turbulent mixing at cloud edges. 

Magnification module

 An antenna will be included to send 
the user data during the flight.

 The in-flight data transfer system will 
include  a software-defined radio and 
antenna on the instrument and a 
ground station node to receive signals.   

 Distance will determine the data rate.
 Single hologram size: ~ 20 MB.

 Testing on piloted 
aircraft.

 Designing housing 
for mounting on 
TigerShark UAV.

 Goal: 6 kg total.

2D random system, left) geometry, right) 
radial distribution function (g(r)=1+𝜂)

 A telecentric lens can be used to to magnify the sample volume.  
 Magnification, M, reduces sample volume by M3.
 The multiple element telecentric lens reduces aberrations.

Cessna C340 aircraft with 
wing mount (from WMI)

TigerShark UAV (from PNNL)

1951 USAF Resolution 
Target: (left) Before 
magnification, Group 6 
Element 2 corresponds 
to 14 µm per line pair. 
(right) After 2x 
telecentric lens 
magnification, Group 7 
Element 2 corresponds 
to 7 µm per line pair.

10 averages
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Data rate vs. Transmission 
distance for Aeronix antenna

Software defined radio (left)
GHz Antenna (right)

 Continental clouds have greater mass fraction in smaller particles.
 Requires about 1000 particles per hologram for statistically 

significant pair correlation function.
 Current minimum concentration: ~50 cm-3.
 2× magnification would require >400 cm-3 which is found in polluted 

areas.

HCPI resolution
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Above: Machined parts to be 
assembled for manned test flight
Left top: General system concept

Left center: Whole instrument model
Left bottom: Optical path

Right: Estimated size for UAV-
compatible system, Left: Current 
instrument for manned test flight

To get from an instrument weighing about 13 kg to the target of 6 kg, 
several changes must be made to reduce weight and volume.


