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ABSTRACT: 

Micro-pulse lidar (MPL) systems are portable semi-autonomous instruments 
suitable for monitoring aerosol and cloud profiles. MPLs serve as the base-line 
instrument for the NASA Micro-pulse lidar Network (MPLNET) to continuously 
obtain data at sites around the globe. In order to maintain data quality, sites must 
maintain instrument’s temperature close to its calibration temperature. Instrument 
temperatures that significantly deviate from calibration conditions will alter MPL 
alignment and affect the retrieval of quantitative data products. Thermally induced 
bias errors are attributed to changes in the Cassegrain-style telescope used in these
systems. Analytical and laboratory studies with current MPL telescope and a new 
athermal telescope are presented. Results from the new telescope demonstrate a 
significant improvement. 
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1. Introduction 
 

Micro-pulse lidar (MPL) systems are 
portable, eye-safe, semi-autonomous 
instruments that are capable of monitoring 
cloud and aerosol profiles. These systems 
contain a solid-state Nd:YLF laser system 
that emits light at 523 nm, with a pulse 
repetition rate of 2.5 kHz. Eye-safe energy 
levels are achieved by expanding the low 
energy laser pulses to a large diameter (20 

cm) through a Cassegrain-style telescope 
before transmission to the atmosphere. 
Backscattered light is collected with the 
same telescope used for transmission, and 
detected with an avalanche photodiode [1]. 
Figure 1 shows the standard optical layout 
configuration of the MPL and figure 2 
shows a photograph of the latest version of 
the MPL (type-4) which is currently 
manufactured by Sigma Space Corporation 
(http://sigmaspace.com). 

RESUMEN: 

Los lidares de Micro-pulso (MPL) son sistemas portátiles, semi-automáticos, 
acondicionados para monitorear   perfiles de aerosoles y nubes. Los MPLs son el 
instrumento base para la red de lidares de Micro-pulso (MPLNET) de la NASA y 
tienen el fin de obtener datos continuamente en estaciones alrededor del planeta. Para 
mantener la calidad de las medidas, las estaciones deben mantener la temperatura del 
instrumento cerca a la temperatura en la cual se calibra. Temperaturas que se desvían 
significativamente de la calibración alteran el alineamiento del instrumento y afectan la 
recolección de medidas cuantitativas. Errores en las medidas inducidos por problemas 
térmicos se atribuyen al telescopio de estilo Cassegrain que se usa en los MPLs. Se 
presentan los estudios analíticos y experimentales realizados con el telescopio en uso 
con los MPL y con un nuevo telescopio atérmico. Los resultados del nuevo telescopio 
demuestran un mejoramiento significativo. 

Palabras clave: Lidar, efectos térmicos, telescopio atérmico. 
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Fig.1. - MPL Optical Layout. 

 
In 2000, the NASA Micro-Pulse Lidar 

Network (MPLNET) was formed to use the 
MPL as a common instrument and with 
standard algorithms with the objective of 
acquiring continuous and long-term 
observations of aerosol and cloud vertical 
structure at key sites around the globe. 
MPLNET is a federated network and sites 
are co-located with select sun/sky 
photometer sites in the much larger NASA 
Aerosol Robotic Network (AERONET) [2]. 
The combined lidar and sun/sky photometer 
measurements are able to produce 
quantitative aerosol and cloud products, 
such as optical depth, sky radiance, vertical 
structure, and extinction profiles. MPLNET 
results have contributed to studies of dust, 
biomass, marine and continental aerosol 
properties, the effects of soot on cloud 
formation, aerosol transport processes, and 
polar clouds  and snow.  MPLNET data has 

Fig.2. - Latest version of MPL (Type 4) 

also been used to validate and help interpret 
results from NASA satellite sensors such as 
GLAS, MISR, and TOMS. Details of 
MPLNET project and data products can be 
found at [3] and [4]. 
 

MPLNET activities have also included 
participation in field campaigns. Figure 3 
shows an example of MPLNET generated 
normalized relative backscatter (NRB) 
image from data collected during the Puerto 
Rico Dust Experiment (PRIDE). This field 
campaign took place during June/July 2000 
frame and was aimed at studying the 
properties of Saharan Dust transported from 
Africa. In this case, the MPL was located 
on Cabras Island Roosevelt Roads Naval 
Station, Puerto Rico and was housed in an 
environmentally controlled box. As can be 
seen by this result, the MPL is capable of 
providing detailed measurements of the 
cirrus properties (11-14 km), low-level 
clouds, and dust layers in the 2-4 km range 
that occurred during the day.  

 
Fig.3. - MPL NRB Image showing vertical 
striping due to AC Cycling. 

 
A weak vertical striping effect can also 

be seen in figure 3, most pronounced in the 
2-4 km layers. This effect is an artifact, and 
is attributed to changes in the telescope due 
to temperature cycling. In this paper, 
instrument stability will be studied as 
thermal effects affect quality of data. 
Examples of data where increased 
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temperatures have caused data bias errors 
due to defocusing of the MPL’s telescope 
will be presented along with an analytical 
and experimental study of two telescopes 
with different thermal properties. 
 

2. Instrument Thermal Stability 

Bias errors in MPL profiles can occur 
from changes in the instrument’s 
environmental temperature.  MPLNET 
quality-control procedures require data to 
be collected when the instrument is within 
+/-2oC of its “ideal” operation temperature 
(temperature at which the focus of the 
telescope coincides with the physical 
position of the pinhole or angular field stop 
of the system). Geometrical ray trace 
studies have identified the telescope as the 
dominant source of thermal instability. 
Thermal expansion of the aluminum tube 
separating the primary and secondary 
mirrors of the telescope causes focal length 
to shift, defocusing the light and changing 
the overlap response of the MPL.  As in any 
other lidar system, the overlap factor is the 
result of signal loss due to near range 
signals falling outside the instrument’s field 
of view (FOV).  Because of its narrow FOV 
(100 µrad), the typical MPL overlap effect 
extends over a 0-6 km range as shown in 
Figure 4.  Standard MPLNET calibration 
procedures correct for the instrument 
overlap effect [1]. 

Fig.4. - Analytical Simulation of the Overlap 
function at the instrument’s ideal temperature 
and 5oC above it. 

However, as the instrument’s 
temperature is increased, the telescope’s 
focal length shortens, resulting in a change 
in the overlap function shape.  This is 
shown in Figure 4 for the case of a +5 deg. 
C increase in temperature.  When not 
accounted for, this change results in a data 
bias error in the lidar atmospheric profile 
that artificially increases signal magnitude.   
The peak error occurs at roughly the mid-
point range of the overlap function and for a 
typical MPL configuration is approximately 
7% error per degree Celsius. A weak effect 
due to this type of thermal influence can be 
seen in the lidar image in Figure 3 where 
faint vertical stripes can be seen. The 
vertical striping is clearly an artifact 
unrelated to the atmosphere, and is 
attributed to the on-off cycling of the air-
conditioning unit used to maintain room 
temperature for the instrument housing. 

Fig.5. - MPL NRB Image during the UAE2 
campaign showing data bias errors produced by 
the increase of the instrument’s temperature 
approximately 8oC above its ideal temperature. 

A much larger temperature change case 
is shown in Figure 5, illustrating the 
temperature influence on the backscatter 
data during the United Arab Emirates 
Unified Aerosol Experiment (UAE2) in 
2004. In this case, the instrument’s 
temperature increased up to 8oC from its 
ideal temperature. During the increased 
temperature, between the fractional day of 
236.4 and 236.6, strong artificially high 
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values can be seen. In these extreme cases, 
the data would ordinarily be discarded by 
MPLNET quality control procedures. At 
sites where temperature constrains are not 
easily maintained -especially at the tropics 
were direct sunlight can produce extreme 
heating conditions- elevated temperatures 
can result in a significant loss of data. An 
analytical correction is under evaluation to 
reduce the bias errors [5]; however a 
passive method to stabilize the instrument 
is more desirable. 

 

3. Telescope Characterization 

To characterize the thermal properties of 
existing MPLs’ telescopes, both an opto-
thermal ray trace analysis as well as 
experimental measurements were 
performed. The ray trace analysis was 
performed using the Zemax-EE Optical 
Design Program software which is capable 
of modeling the behavior of the 
components of the MPL’s telescope as a 
function of temperature. The experimental 
test consisted on placing an MPL telescope, 
manufactured by Celestron, into a thermal 
chamber and monitoring the telescope 
output beam divergence.  This was 
accomplished by installing a 7 µm single-
mode fiber light source at the telescope’s 
focus.  The resultant output beam from the 
telescope was projected through the thermal 
chamber’s window and into a model D278 
Davidson collimation analyzer outside the 
chamber.   The Davidson uses a 41 cm 
diameter parabolic mirror with a focal 
length of 2.7 m.  A CCD camera located at 
the Davidson focus point enabled the 
recording of angular field images of the 
light emitted by the MPL telescope.   The 
thermal chamber was adjusted to a number 
of different temperature settings, and once 
the MPL telescope reached equilibrium at 
each set point, a CCD camera image was 
recorded.    

Figure 6 (on the top) shows the 
geometric ray trace result for the expected 

beam divergence at the start temperature of 
the telescope, when the focus is exactly 
matched to the position of the fiber source.   
Figure 6 (bottom) shows the corresponding 
measurements obtained with the Davidson. 
The scale on the ray trace is 74 µrad, while 
the diameter of the smallest circle on the 
reticle on the Davidson’s image is 370 
µrad. The diameter of the beam divergence 
from the ray trace was found to be 4.2 µrad, 
and from the experimental test 8.3 µrad. 
Differences in the results between the ray 
trace and the thermal experiment can be 
attributed to aberrations in the optics not 
accounted for in the ray trace. 

 

  
      

 
 
The top of Figure 7 shows the ray trace 

of the expected beam divergence when the 
telescope’s temperature was increased by 
8oC from its start temperature. The bottom 
of the figure shows the measurement 
obtained with the Davidson when the 
telescope’s temperature was increased by 
that same amount.  As it can be seen, there 
is a significant increase in beam divergence 
size illustrating the change in beam focus 
properties with temperature.   The size 
shown by the ray trace corresponds to a 
diameter of 70.4 µrad and by the 
Davidson’s to a diameter of 79.2 µrad. 
These diameters indicate that the telescope 
blur due to thermal changes is approaching 
the 100 µrad angular size of the 
instrument’s field of view (FOV).  
Defocusing beyond the MPL’s FOV, will 
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Fig.6. (left) and Fig.7. (right) – Beam divergence of 
aluminum telescope (Celestron) at room temperature 
(left) and 8oC above it (right) obtained from ray trace 
study (top) and thermal chamber experiment (bottom). 
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not only affect the overlap shape in the 0-6 
km range, but will also impact the MPLs 
data at ranges beyond 6 km since the 
defocusing results in signals beginning to 
fall outside the 100 µrad FOV. 
 

4. Athermal Telescope 

To improve the thermal stability of 
MPLs, an athermal telescope, manufactured 
by Welch Mechanical Designs, LLC was 
examined.   This telescope has the same 
basic properties as the prior MPL 
telescopes; however it uses a tube structure 
with a thermal coefficient of expansion 
approximately 20 times smaller than the 
coefficient of aluminum.   This telescope 
was also modeled with an opto-thermal ray 
trace and thermal chamber measurements 
were obtained with similar settings to the 
aluminum telescope test. Figures 8 and 9 
show the ray trace and the Davidson 
collimating analyzer pictures of the 
athermal telescope at its focus temperature 
and 8oC higher, respectively.  As it can be 
seen, there is a significant improvement 
over the aluminum scope for the elevated 
temperature case. 
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Fig.8. (left) and Fig.9. (right) – Beam 
divergence of athermal telescope (Welch) at 
room temperature (left) and 8oC above it (right) 
obtained from ray trace study (top) and thermal 
chamber experiment (bottom) 

 
Figure 10 shows defocus spot size 

results as a function of temperature change 
from ideal for both the aluminum 
(Celestron) and athermal (Welch) 

telescopes.  This result shows data for four 
different temperature cases.  Also shown 
are the corresponding geometric ray trace 
results for the same temperatures. Slope 
agreements between the model and 
measured results are consistent and show 
that the sensitivity to temperature with the 
athermal scope is reduced by more than an 
order of magnitude. Consequently, MPLs 
that utilize the athermal scope option can 
expect to significantly reduce data bias 
errors due to thermal influences.   
 
 
Conclusions 
 
MPLs are useful instruments for network 
operations due to their semi-autonomous 
capability, portable size, and “eye-safe” 
transmitted energy levels.  However, MPLs 
commercially sold to date contain a 
telescope with thermal properties that can 
introduce data bias errors if the operating 
temperature of the instrument is not 
maintained within acceptable range.  
MPLNET data quality procedures normally 
discard data that falls outside the acceptable 
temperature range.    A new telescope is 
being considered for use with MPLs; ray 
trace and thermal chamber results from this 
telescope demonstrate significant 
improvement in thermal stability.  When  
employed  with  an  MPL, data bias errors 
are expected to be significantly reduced and 
permit operation of an MPL over a wider 
temperature range. 
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