
Meteorological Particle 
Spectrometer (MPS-2) 

Operator Manual 

DOC-0405 RevA  

2400 Trade Centre Avenue 
Longmont, CO 80503 USA 

A L L  R I G H T S  R E S E R V E D



DOC-0405 Rev A 
© 2018 DROPLET MEASUREMENT TECHNOLOGIES 

2

All rights reserved.  No part of this document shall be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, without 
written permission from Droplet Measurement Technologies, LLC (DMT).  Although every precaution 
has been taken in the preparation of this document, Droplet Measurement Technologies, LLC. 
assumes no responsibility for errors or omissions.  Neither is any liability assumed for damages 
resulting from the use of the information contained herein. 

Information in this document is subject to change without prior notice in order to improve accuracy, 
design, and function and does not represent a commitment on the part of the manufacturer. 
Information furnished in this manual is believed to be accurate and reliable. However, no 
responsibility is assumed for its use, or any infringements of patents or other rights of third parties, 
which may result from its use. 

Trademark Information 

All Droplet Measurement Technologies, LLC. (DMT) product names and the Droplet Measurement 
Technologies, LLC. logo are trademarks of Droplet Measurement Technologies, LLC. 

All other brands and product names are trademarks or registered trademarks of their respective 
owners. 

Warranty 

The seller warrants that the equipment supplied will be free from defects in material and 
workmanship for a period of one year from the confirmed date of purchase of the original buyer. 
Service procedures and repairs are warrantied for 90 days. The equipment owner will pay for 
shipping to DMT, while DMT covers the return shipping expense. 

Consumable components, such as tubing, filters, pump diaphragms, and Nafion humidifiers and 
dehumidifiers are not covered by this warranty.  
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Warning 

 

The Meteorological Particle Spectrometer contains a 685 nm wavelength laser capable of 
producing 50 mw of power. Use eye protection when working around the exposed beam. 
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1.0 Product Description 

1.1 Introduction 

The Meteorological Particle Spectrometer (MPS-2) is designed to directly measure precipitation 
shapes, sizes and fall velocities. In post processing, rainfall rates and statistical data on the intensity 
of the rainfall can be derived. The image data can be analyzed to determine if the precipitation is in 
the form of droplets or frozen precipitation. The Particle Analysis and Display System (PADS), a 
graphical user interface operating on a host computer, provides control of measurement 
parameters. PADS simultaneously displays real-time particle-size distributions. All standard data 
interfaces are done via line drivers meeting the RS-422 electrical specification, allowing cable 
lengths of up to 100 meters. The MPS-2 is designed to be mounted on a single post and orient the 
direction of the sampling volume with the prevailing wind via the self-contained wind vane. The 
MPS-2 uses all solid-state electronics, and requires minimum warm-up time.  

 

 

 

Figure 1: Meteorological Particle Spectrometer 
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1.2 MPS-2 Specifications 

 

   

      

2.0 Instrument Setup 

The system consists of a particle sensor, a laptop computer, serial-to-USB adaptors, and a 
calibration verification tool (spinning glass disk with opaque dots). The sensor is shipped and stored 
in a reusable prefabricated shipping case. The computer and calibration verification tool are 
shipped in a cardboard box. 

Technique: Optical array imaging (64 element: 62 sizing elements, end diodes reject) 

Size Range: 50 µm – 3.1 mm (50 µm resolution, standard resolution)  

25 µm – 1.55 mm (25 µm resolution, special-order option) 

100 µm  6 2 mm (100 µm resolution  special order option) 

 

 

 

Sample Area: Refer to "Data Analysis User's Guide, CH-2", Doc-0223 

Arm Width: 200 mm 

Number of Size 
Bins: 

62 bins. Particles imaged on element 1 or 64 are end-diode-rejected 

Sampling 
Frequency: 

1-0.1 Hz 

Laser: 660nm, <30mW 

Data System 
Interface: 

1-D histogram data, housekeeping data, and instrument control: RS-422 at 
57,600 baud 

2-D image data: RS-422 at 460,800 baud  

Operating Temp: -40 to +40 degrees C 

Altitude: 0 to 3 Km  (15Kft) 

Humidity: 0 to 100% 

Power 
Requirements 

Universal AC Input (115/230VAC), 50-60Hz. 

300W 
Weight: 21.8 Kg  (48 lbs) 
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2.1 Connecting Components 

Please carefully open the instrument shipping boxes, take out the components, and place them on 
a sturdy surface. Attach the vane to the main unit as shown in the diagram in Appendix D.  

Next, follow these steps to set up the system:  

• Connect the MPS-2 power cable to a power source. 

• Turn on MPS-2 power (toggle switch up; the light will be on). 

• Insert green PADS software key (labeled “PADS Key, S.N. xxx”) into a USB 2.0 port on the 
laptop computer. 

• Connect the two SeaLevel 2106 adaptor cables (RS-422 to USB) cables to the MPS-2 Data 
cable connectors and to USB 2.0 ports on the laptop. 

• Connect the laptop to a power source. 

• Turn on the laptop. 

2.2 Basic Health Check 

Follow these steps to perform a basic health check of the system: 

• Double-click on the “PADS” icon on the computer desktop to open the PADS program. 

 

• Click on the MPS-2 instrument tab. 

• Click on the “Sample” button. The button is originally gray. Upon clicking, it will turn green, 
and the label will change to “Sampling.” 

• Click on the “MPS-2 Diagnostics” tab. 

• Check Diode Voltages. The value for “Diode Voltage” 1, 32, and 64 should be close to 2.0 V, 
respectively. The instrument will work as long as the value is between 1-3 V. If the value is 
significantly below 1 V, the instrument will not work properly and needs to be serviced. 

• Check temperatures. The "Internal Temp" value should be close to ambient temp. The 
Window Temp is thermostatically controlled. It should be close to approximately 25 ºC. 

When the diode voltages and temperatures are within normal ranges, the MPS-2 is in good working 
condition. 
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2.3 Calibration Verification 

The MPS-2 is carefully calibrated in the factory. It is possible, however, that the optics of the 
instrument can become misaligned during transit. The user is advised to perform an on-site 
calibration verification using the provided spinning disk to ensure that the instrument is in good 
operating condition. See DOC-0012, the Spinning Disk Manual, for instructions on mounting and 
aligning the spinning disk and interpreting results. 

2.4 Mounting Considerations 

The MPS-2 should be mounted on a pedestal at a minimum of 1m above the surface. The mounting 
location should have no trees or overhead obstructions in the vicinity that would interfere with the 
falling precipitation.  

During installation, support the instrument by holding its body and base plate. Lifting the 
instrument by the arms (that is, the optical heads) may cause damage. 

3.0 Theory of Operation 

The light from a laser diode is shaped into an elliptical beam to illuminate the volume where the 
precipitation is detected. The light, and the shadow of a drop in the beam, are then imaged onto a 
64-element photo-diode array. This image has been magnified so that a 50 micron drop will shadow 
one element and a 3200 micron drop would shadow the whole array (standard 50µ resolution) if 
perfectly centered. The illumination state of all 64 elements is sampled at a rate set by an internal 
digital clock. The state of the array at each clock interval is known as a slice. The first slice that 
contains a shadowed element starts the processor storing the data in each slice. Subsequently, 
when a slice contains no shadowed elements, the image of the drop is complete. If an end element 
is shadowed it is not possible to know how large the drop actually is, so that particle is rejected 
from the sizing algorithm. When an image is complete, the processor stores in a buffer a time 
stamp, the data with a header that contains the number of slices, and the maximum number of 
elements shadowed. The particle size is also stored as statistical data. The image data are sent 
asynchronously to the host processor when the 2-D buffer is full. The 1-D statistical data and 
housekeeping information is sent synchronously to the host when requested. The host can then 
display and store the data. 
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3.1 Environmental  

The optical heads of the MPS-2 are heated to prevent the window becoming coated with fog or 
frozen precipitation. These are thermostatically controlled at 25 ºC. The body of the MPS-2 contains 
two fans. One fan operates continually circulating air over the electronics. The other fan is designed 
to circulate outside air when the internal temperature rises above 35ºC. This air is exhausted out 
through the ring aperture at the outside of the turntable. A filter is supplied on the air inlet and can 
be replaced from the outside of the MPS-2. 

3.2 Calibration 

Calibration of the MPS-2 is accomplished with a spinning disk calibrator that simulates particles 
passing through the beam. The glass disk has opaque dots of known diameter, the ring of dots 
passes through the laser beam at approximately 10m/s. This speed may vary and is related to the 
motor's input voltage and power supply. See the Spinning Disk Calibrator Operator Manual, DOC-
0012, for details.  

The MPS-2 can also be calibrated with precision glass beads which can be poured through the 
optical path. For proper shape of the images using this calibration technique the airspeed should be 
set to 1 m/sec. 

 

 

4.0 Computer System and Software 

4.1 Computer 

The MPS-2 is supplied with a laptop computer system. A Windows-based operating system and pre-
installed PADS data collection software is included. The MPS-2 requires two serial data lines to the 
host computer. An RS-422 line transmits the 1-D histogram data (labeled "1-D Data") and 

 
Figure 2: Particle Imaging with the MPS (Vertical View across Horizontal Optical Path) 
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housekeeping data, while a second RS-422 line (labeled "2-D Data") is used for transferring the 2-D 
particle images to the computer.  

   

Note: If the computer attached to the MPS-2 is displaying information chaotically, turn off both the 
instrument and the computer. Then turn the computer back on and allow it to boot before turning 
the instrument on again. This should resolve the display issues. The computer must be allowed to 
boot up before power is applied to the instrument. 

 

4.2 PADS Introduction 

 

The Particle Analysis and Display System (PADS) is a software package that interfaces with all the 
instruments produced by Droplet Measurement Technologies (DMT) and other leading instruments 
used in the atmospheric sciences. The program is designed using National Instruments’ LabVIEW 
software, which facilitates instrument connectivity while providing powerful graphical displays. 
PADS uses a tab-based structure to display information about individual instruments and the 
overall program. The system will sample real-time information from the instruments and record the 
data to files. During playback mode, it will also read files for graphical analysis. The output data files 
are in comma-delimited format, so that the data can be imported into spreadsheet programs for 
additional analysis. The program is configurable to use any combination of instruments and has the 
ability to sample at various update rates. See "Doc-0300, PADS Overview Manual", for operation 
details on the PADS software. See "Doc-0291, MPS-2 PADS Module", for specific details on the PMS 
graphical display. 

 

 

5.0 Theory of Calculations in the MPS-2 

5.1 Rain Rate Calculation 

The rain rate is defined as the height of a column of water that forms over a unit area during a 
given period of time. The convention is to use dimensions of mm/hr. When a size spectrum of 
precipitation is being measured, the rain rate is calculated as: 

Rain Rate = ∑
=

••••
n

i
iii dvtcA

1

3

6
π   

 where 

 A = 3.6 •  10-6, a scale factor to convert units to mm/hour 
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ci  =  particle concentration of bin i in particles/cm3 

 vti = mean calculated particle fall velocity in m/sec of particles in bin i  

 di =  mean diameter in μm of bin i particles 

 n = the total number of sizing bins for the instrument 

Note on Scaling Factor: 

The scaling factor of 3.6 x 10-6 is computed as follows. The rain rate should be in mm/hour, whereas 
the units in the equation are as follows: 

#/cm3 * m/sec * μm3 

  

Thus, we need the scaling factors in the square brackets below in order to convert all distances to 
mm and to convert seconds to hours: 

#/cm3 * [10-3 cm3/mm3] * m/sec * [103 mm/m * 3600 sec/hour] * µm3 * [10-9 mm3/µm3] 

These scaling factors then reduce to 3.6 x 10-6. 

Note on Sample Volume: 

The sample volume used to calculate the particle concentration varies with particle size. 
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5.2 Uncertainties 

If the particles are rain or drizzle drops, and they fall in still air, the rain rate can be determined with 
only a small degree of uncertainty since the fall velocity is a drop’s terminal velocity (see next 
section), a quantity that has been well defined by laboratory measurements. A density term need 
not be included, as the terminal velocity is assumed to be that of a particle with the density of 
water (1 g/cm3). Turbulent air will add an extra vertical motion component, either positive or 
negative, to the drop’s fall velocity. This is a source of uncertainty if the vertical wind or drop 
velocity is not directly measured. In the MPS-2 the drop velocity is measured, as discussed below.  

Additional uncertainties arise with frozen precipitation hydrometeors such as snow, graupel, sleet 
or hail. In these cases, the particles can be aspherical with variable density. The drag force is 
sensitive to particle shape and the gravitational force depends on density. For this reason, the 
terminal velocity is difficult to predict. The liquid water content also depends upon the shape and 
density. Hence, with no a priori knowledge of the particle characteristics, estimated precipitation 
rate uncertainties can exceed 100%. These uncertainties are discussed in greater detail in the 
following sections, accompanied by some techniques that can be used to minimize them.  

5.3 Fall Velocity Determination 

Particle Fall Velocity can be determined in post data analysis. The fall velocities of drizzle and 
precipitation particles depend upon their terminal velocities and the vertical air velocity. The 
terminal velocity is the steady state velocity attained by an object when the gravitational force is 
balanced by the air drag force. For water drops, this velocity has been measured in the laboratory 
and analytical expressions have been derived that accurately predict the relationship between 
terminal velocity, drop diameter, ambient temperature, and pressure. The terminal velocities of 
other types of precipitation particles, such as hail, graupel, snow pellets, sleet, or snowflakes, are 
much less predictable since neither the gravitational or drag force can be well defined, due to the 
diverse masses and shapes that these particles have.  

The MPS-2 determines the fall velocity of each particle directly by measuring the particle residence 
time, t, over the diode array. The width of the particle, derived from the maximum number of 
diodes shadowed across the array, provides an estimate of the particle size, d. The particle velocity, 
V, is then d/t. 

The residence time is measured by counting the number of cycles of a 2 MHz clock that occur while 
the particle shadow is on the array. This particle count is encoded in an 11-bit word that is stored 
with each particle image in the image buffer. The digitization uncertainty is approximately ±25 µm 
(one-half the probe resolution). The residence time accuracy is ±0.25 µs. From this we can estimate 
the uncertainty as a function of particle size and terminal velocity using propagation of errors. 
Figure 3 shows how the error in estimating terminal velocity decreases rapidly as particle size 
increases. This is because the digitization error dominates the terminal velocity error and decreases 
with increasing size. 
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5.4 Reflectivity 

The reflectivity, Z, is a parameter that is used to relate the amount of microwave energy returned 
to a radar from an ensemble of particles and is defined as 

 

∑
=

=
N

i
ii DcZ

1

6  

where the unit of Z is mm6 m3. 

 

One of the powerful uses of radar is to estimate the rainfall amounts from the direct measurement 
of reflectivity. The MPS-2 measurements are one of the mechanisms for deriving a relationship 

 
Figure 3: Terminal Velocity Error as a Function of Terminal Velocity and Drop Diameter 
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between rain rate and radar reflectivity. As shown in the following figure, a power-law relationship 
of the form Z = aRRb describes the relationship very well. 

 

 

 

This figure, which uses the ground-based measurements from the MPS-2, also illustrates two other 
very important features. First, as discussed previously, the rain rate can be calculated from the 
droplet spectra and terminal velocities derived from laboratory results (Gunn and Kinser, 1949; 
Beard, 1977) or measured directly. The colored, filled circles and the least squared fits show how 
the resulting rain rates differ depending which particle velocity is used. The exponent of the Z-R 
relationship is identical but the coefficients differ by a factor of two. This implies that the rain rate, 
if predicted from the reflectivity, would be underestimated by a factor of two if the Z-R relationship 
using the Gunn and Kinser terminal velocities instead of those directly measured. 

 

The second feature drawn on the graph is a Z-R power-law relationship that is often assumed by 
radar meteorologist when estimating rainfall from reflectivity. The coefficient and exponent are 
quite different and, in comparison with the Z-R relationship derived from the MPS-2 using the 
measured terminal velocities, the derived rainfall rate would be substantially smaller. 

 

 
Figure 4: Rain Rate vs. Radar Reflectivity 
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The uncertainty in Z is quite large because of the sixth power relationship to particle diameter. 
Ignoring at the moment the considerable error in determining D for non-spherical particles, for 
uncertainties in number concentration, c, and diameter, D, of 20% for water droplets, the 
subsequent, root-sum-squared error in determining Z is approximately ±53%. This error increased 
to more than 200% when the uncertainty in diameter is larger than 20%. In addition, for non-
spherical particles, the equation for Z is no longer applicable and needs to be replaced with a more 
complex formulation that takes into account particle shape and the associated change in dielectric 
constant. 

 

5.5 Inter-Arrival Time Information 

The time of arrival of each particle is recorded with each of the particle images stored in the 
particle image buffer. This time is calculated with a resolution of 125 ns. The arrival time provides a 
valuable research tool for looking at how precipitation is distributed in time with respect to 
precipitation rates and the measured versus expected distributions in time. For example, rain burst 
events can be distinguished from constant rainfall. Another event that might be detected would be 
drop break-up occurring due to hydrodynamic instabilities caused by turbulence. Both of these 
events, important in the interpretation and comparison with satellite or radar measurements, 
would be seen as non-Poissonian distributions in time, diverging from uniformly random spatial 
distributions.  

 

 
Figure 5: Simulated Raindrop Distribution for a One-Hour Period 
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Figure 5 illustrates a useful method for examining rainfall events, where the individual sizes of 
precipitation drops are plotted as a function of time. These are simulations of what the MPS-2 
would be expected to measure if the size distribution of raindrops followed a Marshall-Palmer 
probability distribution, i.e. 

 

N(D) = N0e-ΛD 

Λ = 4.1RR.1 

 

Where N (D) is the concentration of particles of size D, in units of m-3mm-1, N0 is a constant, 8x103, 
and RR is the rain rate in mm hr-1 (= 50 mm hr-1 in Fig. 7).  

 

Another way to examine and evaluate the uniformity of the rain rate is to look at frequency 
distributions of drop arrival times. The arrival rate of drops with size, Dj, and concentration of Cj is 
given by 

 

R = CjVjA 

Where Vj is the fall velocity of the drop with this size, and A is the sample area of the MPS-2. The 
probability of a drop arriving within a time period, t=t0, after a previous drop of the same size is 
just  

 

 P(t = t0) = Re-Rt0 

The measured frequency distribution can then be tested statistically against the predicted 
distribution. Figure 6 illustrates some simulated frequency distributions using the same parameters 
for the Marshall Palmer distribution in the previous example. 
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5.6 Selection of Clock Timing 

As discussed in an earlier section, the MPS-2 calculates 1-D size spectra at a synchronous rate of 
one spectrum per second, and sends these 64 channels of information (in addition to the 
housekeeping) to the data system. The individual particle images are stored in a separate buffer 
that is transmitted asynchronously to the data system after it is filled. The particle size that is used 
to create the 1-D size spectra is determined from the maximum width of an image. This width is 
partially dependent upon the rate at which the diode array is sampled, a rate that is set by the air 
speed clock. The air speed clock is a manual setting that the user selects from PADS, the data 
system software. Ideally, the clock rate should be set to a rate such that the diode array is sampled 
each time the images moves past the array a distance equal to one array width. In this way the 
image will remain symmetric with respect to the length and width.  

  

 
Figure 6: Probability of Drop Arrival Time as a Function of Drop Size 
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The particle velocity through the array is variable since the terminal velocity varies with size. As it is 
impossible to change the clock rate dynamically to adjust to each particle’s fall speed, the clock rate 
should be set to some optimal value. Figure 7 shows the effects of clock rate on how particles are 
sampled and stored. 

 

In Figure 7, the rectangular boxes represent the diode array. Multiple boxes illustrate multiple slice 
samples of an image as the image moves across the array. In the case of sampling correctly the 
length (L), and width (W), of a symmetric object will be undistorted and the image will accurately 
reflect the shape of the actual particle. If the clock is set faster with respect to the fall velocity of 
the particle, the length of the sampled image will be longer than the width in the real-time 
displayed images. The derived size, however, will still be accurate since the width is correct and the 
sampling is fast enough to capture the details of the image. In the case of under-sampling, the 
image is again distorted, but the length is now less than the width. Depending on the degree of 
under-sampling, the measured width can be less than the actual width. 

From this discussion it would appear that the obvious choice is to set the clock fast enough to 
sample correctly the particle with the highest expected fall velocity. The disadvantage of this 
approach is that the smaller particles with substantially slower fall velocity will be oversampled by 
factors of 10-100. This creates copious quantities of image data since the image buffers will be filled 
with the smaller particles with a large quantity of extra data slices. Under-sampling runs the risk of 
introducing unacceptable uncertainties in the measurement of the particle size. 

 

 

Figure 7: Effect of Sampling Clock Rate on Particle Aspect Ratios 
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This problem has been simulated by modeling the operation of the MPS-2 and calculating the 
number of slices that would be produced for drops of different sizes falling at their terminal 
velocities but sampled at different rate. Figure 8 illustrates how the slice count is a function of 
particle size and clock rate. Figure 9 shows the error as a function of clock rate and drop size.  

 

From these figures can be seen that a clock rate of 50 kHz maintains the total number of slices that 
are stored in an image buffer to less than 20/particle and the size error is on the order of 1% or 
less. The true air speed clock is set by the user in terms of air speed in ms-1, and not in terms of 
frequency. To convert frequency to air speed, multiply the desired frequency by the size resolution 
of the MPS-2. If the resolution is 50 µm, and the desired frequency is 50 kHz, then the air speed 
clock would be set to 2.5 ms-1. 

 

 

 

 

 
Figure 8: MPS Clock Rate, Drop Size, and Number of Slices Generated 
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6.0 Electronic Trouble Shooting And Repair 

The MPS-2 electronics are modular in design, which will allow for in-field trouble-shooting and 
repair. There are three printed circuit boards associated with the MPS-2, the Power Distribution 
board (ABD-0424), the Diode Array Module (ABD-0169), and the Digital Signal Processing Module 
(ABD-0170).  

  

 
Figure 9: Error as a Function of Clock Rate and Drop Size 
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6.1 Power Distribution 

The MPS-2 has an improved power system, in that an universal-input AC-DC power supply 
generates a source of 24VDC for system electronics and heaters. The 24VDC, on the ABD-0424 
board, is converted to +/-5VDC for the diode array board and +3.3VDC for the Digital Signal 
Processor board. Heater and fan power distribution is routed through the ABD-0424 board located 
in the body of the MPS-2. There are four LEDs on this board that show the status of the 24VDC 
source, +/- 5VDC and + 5 VDC converters. If any of these LEDs are not lit, there is a basic power 
problem in the MPS-2.  

 

Each fan and heater circuit is protected with an inline fuse, located on the ABD-0424 board. Voltage 
Test Points are available and clearly labeled. 

 

 

 

 

 

 

7.0 Maintenance 

DMT recommends returning your instrument to the factory for an annual cleaning and calibration. 
This will ensure your instrument is working properly and prolong its lifetime. 

Optical Cleaning 

 

Figure 10: MPS-2 power distribution board. Notice green LED's indicate 
good power levels. 
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There is little user maintenance required to keep the MPS-2 operational. The one problem that can 
arise, and affect the data, is the cleanliness of the optical windows. The rain and splash guards 
prevent most droplets from reaching the optical windows, located in each arm tip, but those 
droplets that do reach the windows will evaporate and leave a contamination layer on the window. 

The laser diode voltages 1, 32 and 64 should be checked weekly. Significant drops in these voltages 
indicate the optics may need to be cleaned. A weekly visual check of the windows is also 
recommended. When the instrument is turned on, and the windows are clean, only a faint red spot 
will be visible where the laser beam passes through the center of the window. Dirt on the window 
will scatter laser light, causing the spot to be much brighter. Note that these two weekly checks 
should increase in frequency if the instrument is operating in severe conditions. Such conditions 
include when the instrument is operating in a sandy area, in an area with a high concentration of 
industrial soot, or in an area within five miles of the ocean.  

To clean the windows, turn off the MPS-2 and gently swipe the center of the window with a cotton 
swab moistened with a suitable solvent. Use the cotton swab for one swipe only, do not rub the 
windows as that can cause scratches. We recommend starting with white vinegar, as it is slightly 
acidic, followed by isopropanol or acetone. If the window is very dirty and the swab-cleaning just 
brings more dirt from the edges to the center, the window cover, held by four screws, can be 
removed and then the window itself removed and completely cleaned by the above technique (see 
Figure 11). 

 

  

 

Figure 11: MPS Window Components 
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7.1 Optics Alignment 

Diode voltages significantly below 1 V usually indicate that the laser optics are out of alignment. 
When this happens, it is recommended that the unit be shipped to DMT or a DMT-certified service 
center to have the instrument serviced because optics alignment has to be performed by a skilled 
optics expert.  

 

8.0 Calibration Routine: Internal Rotary Encoder 
A new feature of the MPS-2 is the ability to know which direction the instrument is pointing. It 
should be pointing into the wind, and this new variable allows the user to determine how closely 
the MPS is tracking with the prevailing wind. This function can also tell the user how long it takes 
the MPS-2’s rotation to settle into a stable position once the wind has changed direction. 

The MPS-2 Rotary Encoder (RE) is an electrical device connected to the shaft of the internal slip-ring 
mechanism, the rotational center. The RE has a 0-5V output, corresponding to 0-360 degrees. This 
analog voltage is fed to the housekeeping Analog to Digital converter and requires a calibration 
procedure to successfully convert to rotational degrees. 

Upon final installation at the research site, the MPS-2 base plate could be mounted in any random 
directional orientation. This calibration routine will generate an "off-set" compensation for how the 
base plate is fixed relative to the MPS-2 body. The following is a step-by-step instruction on how to 
calibrate the Rotary Encoder with PADS displaying in angular degrees. 

1) From the main PADS screen (Figure 12) for the MPS-2, go to the "Configure" pull-down menu 
(top left)and select "Configure Instrument".  

 
Figure 12:Configure Instrument 
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2) The  "MPS Config Editor" page (Figure 13) contains setup parameters and a list of calibration 
coefiffients pertaining to the Housekeeping parameters. Notice that the "Rotary_Encoder" row is 
setup with a linear progression and calibration coeficients such that the Offset is "0" and the Slope 
is "1". This will allow the PADS to display the Rotary Encoder in digital counts (12 bit range) on the 
Main page, 3rd column, bottom parameter. 

 
Figure 13:MPS Config editor 

3) With the MPS-2 sensor-head pointing North (your choice, Magnetic North or True North) jot 
down the Main-Page RE value for future reference. 

  

"Linear" progression 
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4) Stop Sampling and go back to the "Configure" pull down menu. Select "Edit Custom Equations". 

5) In the second panel, for "Custom Equation #2" there are 2 places to make adjustments. Replace 
the "2260" values with the value jotted down in step-3 when pointing North. 

 

 

Figure 14:Custom Equation Editor 

When finished making these value adjustments, click the mouse curser in box #3 to close box-2. 
Then, click on the "Save Custom Equations to File" button. Answer "OK" to the write-over validation 
question. Tap on "Done" to complete the Custom Equation #2 adjustment. 

  

Enter new value here 



DOC-0405 Rev A 
© 2018 DROPLET MEASUREMENT TECHNOLOGIES 

2 6  

6) In PADS, navigate back to the "Configure" pull down menu and select "Configure Instrument" 
page. 

7) Change the Rotary Encoder type of formula from "Linear" to "Custom2". Tap on "Save", and then 
tap on the green "Reset Program" button. 

 
Figure 15:Custom 2 

8) In PADS main page, tap on "Sample", and verify that the MPS-2's "Rotary Encoder" value 
matches the actual direction the instrument body is pointing. Rotate the instrument to the cardinal 
directions to validate success. 

9) The Calibration is now stored in the probe's configuration file and this process will only need 
repeating if the instrument is moved to a new location or the mounting foot rotated for some 
reason.  

  

Select "Custom2", 
then "Save" 
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9.0  MPS-2 Sizing Calibration Validation 

The MPS-2 is supplied with a Spinning Disk calibration validation device which contains a glass disk 
with opaque dots of known size. Review the Spinning Disk Manual, Doc-0012, for more specific 
information. Below, notice how the Spinning Disk is mounted on the MPS-2 arms. Position the 
mechanism such that the laser beam is passing through the middle of the disk aperture. There is an 
adjustment screw available to facilitate this process. 

  

Figure 16:Positioning the Mechanism 

Notice on the example below, how the 1000µm peak on the histogram is perfectly centered in the 
1000µm bin. This indicates that the screw-drive adjustment is perfectly centered in the optical 
Depth of Field (DOF). The screw-drive moves the Spinning Disk along the length of the laser beam. 
Adjust this movement to minimize the 1mm dot. If the disk is not centered in the DOF along the 
length of the laser beam, the histogram peak will indicate a larger dot size due to optical blurring. 
This is a well-known sizing phenomenon that is explained in the DOC-0223, Data Analysis Guide, 
Ch2, contained on the supplied USB Memory stick. 

 

 Figure 17:Peak Histogram centered on the bin 

Appendix A: Wiring Diagrams 
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Appendix B: Base Plate Mounting Diagram 

 

Appendix C: Attaching Vane to MPS-2 



See the following page for a diagram that illustrates how to attach the MPS-2 vane to the main unit. 

Appendix D: Revisions to Manual 

Rev. Date Rev No. Summary Section 

05/06/15 A Initial Release of MPS-2, with CIP-GS electronics and 
Universal Input Power capability. 

all 

12/6/17 A Updates to spacing company address and others all 
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