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Abstract. Ozone is an important atmospheric gas due to its
role in air quality and radiative forcing. A new method for
sensitive, rapid monitoring of ambient ozone has been de-
veloped using a compact platform and relatively inexpen-
sive components. Based on incoherent broadband cavity en-
hanced absorption spectroscopy (IBB-CEAS), the device uti-
lizes an optical cavity of just 14.5 cm and 99.3 % reflective
mirrors. Performance of the instrument has been validated
against direct absorption measurements in a single-pass mea-
surement cell. Currently, the IBB-CEAS ozone instrument
can achieve∼ 1 ppb sensitivities at 0.1 s integration time with
a dynamic range over four orders of magnitude, accessing
relevant ozone concentrations in both the stratosphere and
troposphere. This new device offers improved sensitivity and
time response for mapping ozone aboard airborne platforms.

1 Introduction

Environmental monitoring of ozone is vital due to the pro-
found impact ozone has throughout the atmosphere. In the
stratosphere, ozone strongly absorbs solar UV radiation that
would otherwise be harmful to life on Earth (Cullen and
Neale, 1994). Its presence in the troposphere influences ra-
diative forcing (Gauss et al., 2003), gas phase photochem-
istry (Sillman, 1999; Finlayson-Pitts and Pitts, 1997), and
can detrimentally impact the health of flora (Fuhrer and
Booker, 2003), fauna, and humans (Gauderman et al., 2002).

Ozone’s widely varying ambient mixing ratios, which
range from parts per billion to parts per million, and its re-
activity impose constraints on the sensitivity, dynamic range,
and response rate necessary for an instrument making in situ
measurements. These constraints are compounded for instru-
ments aboard airborne platforms, where additional limita-
tions on instrument sampling rate, weight, power, and size

exist. At typical research aircraft speeds of 100–200 m s−1,
such as those attained by NASA’s P3, sampling rates are
ideally greater than 1 Hz to achieve spatial resolution at the
scale of mixing. High-resolution in situ measurements of
ozone made from airborne platforms are essential for captur-
ing eddy fluxes (Matross et al., 2006), characterizing plume
dynamics (Brown et al., 2012; Jones et al., 2005), refin-
ing regional and global chemical models (Taghavi et al.,
2005; Monks et al., 2009), and validating satellite retrievals
(Liu and Tian, 2010). Additionally, such measurements can
be beneficial for accurately quantifying other atmospheric
species (Washenfelder et al., 2011).

In this paper we describe the development of a new in-
strument for monitoring ambient ozone that is specifically
designed for compatibility with airborne research platforms.
The instrument is based on ultraviolet absorption, which has
been routinely applied for airborne ozone detection (Proffitt
and McLaughlin, 1983; Gao et al., 2012; Kalnajs and Aval-
lone, 2009) given ozone’s large absorption cross-section of
1.15× 10−17 cm2 molec−1 at 254 nm (Molina and Molina,
1986). This technique has key advantages for long dura-
tion, remote measurement of ozone over common alterna-
tives such as electrochemistry (Komhyr, 1969) or chemilu-
minescence (Ridley et al., 1992; Zahn et al., 2012). Namely,
it offers an absolute measurement of ozone without requiring
consumables for calibration and operation.

One shortcoming with traditional UV absorption methods
that we have sought to overcome is the tradeoff between in-
strument sensitivity and form factor. Absorption sensitivity
is proportional to optical path length, as defined by the Beer–
Lambert law. UV photometers relying on direct absorption
(Kalnajs and Avallone, 2009) or a singly folded path (Prof-
fitt and McLaughlin, 1983; Gao et al., 2012) have physical
lengths on the order of the total optical path length, which
can limit sampling rate due to the time required to completely
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exchange the volume of the sample cell. Resonant optical
cavities can overcome limitations of direct absorbance mea-
surements, reducing the physical size of an instrument while
maintaining the long optical paths requisite for high sensi-
tivity measurements. Here, we apply incoherent broadband
cavity enhancement absorption spectroscopy (IBB-CEAS) to
sensitively and rapidly detect ozone.

First developed by Fiedler et al. (2003), IBB-CEAS takes
advantage of spectrally broad light to overlap hundreds to
thousands of resonant cavity modes and generate a contin-
uous transmission signal having an enhanced absorption re-
sponse characteristic of a much longer physical pathlength
(Fiedler et al., 2003). The approach has been used to make
sensitive measurements on a variety of trace atmospheric
gases (Venables et al., 2005; Gherman et al., 2008; Wu et
al., 2008). A variant of cavity ring-down spectroscopy, which
itself has been implemented recently for detection of ozone
(Washenfelder et al., 2011), IBB-CEAS is less alignment-
sensitive and can be implemented with simple electronics. As
a continuous-wave technique, it also has far less stringent re-
quirements than cavity ring-down regarding the light source
used. Low-cost light emitting diodes have been demonstrated
with IBB-CEAS (Ball et al., 2004; Langridge et al., 2006).
With the emergence of solid state technology to produce
LEDs operating at UV wavelengths relevant to ozone de-
tection, LED-based UV photometers (Kalnajs and Avallone,
2009) are emerging as a useful alternative to instruments
based on much more power-hungry mercury lamps (Proffitt
and McLaughlin, 1983; Gao et al., 2012).

We present results from an LED-based IBB-CEAS UV
photometer, which we believe to be the first application of
the approach to measuring ozone. As detailed in the follow-
ing sections, its compact 14.5 cm optical measurement cell
is capable of yielding IBB-CEAS ozone measurements of
∼ 1 ppb sensitivity at 0.1 s, which compares very favorably
to recent CEAS measurements of ozone obtained using an
atomic line source (Darby et al., 2012).

2 Experimental

2.1 Principle of operation

The transmission intensity (I ) of light through an optical cav-
ity, consisting of mirrors with reflectivityR, can be described
(Fiedler et al., 2003) as the superposition of the sum of dis-
crete transmitted light per pass. Transmission losses arise
from the mirrors(1-R)and from absorption loss, whereL is
the single-pass loss. The observed transmission intensity is
related to the intensity of light into the cavity,Iin, according
to

I = Iin
(1− R)2 (1− L)

1− R2(1− L)2
. (1)

For an unloaded cavity (L = 0), this reduces to

Io = Iin
(1− R)

(1+ R)
. (2)

Hence, the cavity transmission (T ) is

T =
I

Io
=

1− R2

1− R2(1− L)2
. (3)

The measured cavity enhancement gained from using a res-
onant cell versus a single-pass cell can be expressed as the
ratio of the resonant transmission loss to the single-pass loss:

E =
1− I/Io

L
, (4)

and the maximum theoretical enhancement is given by

E =
1

(1− R)
. (5)

Conveniently, the enhancement gains are greatest when the
loss is the smallest. This low loss enhancement is what allows
exceptional sensitivity in a compact absorption cavity.

2.2 Technical design

The IBB-CEAS system consists of the following: (1) UV
source/detection; (2) measurement cells (resonant and
single-pass reference); (3) flow handling; (4) ozone gener-
ation/neutralization; and (5) data acquisition. The instrument
was built upon the Thorlabs 30 mm cagemount system to fa-
cilitate breadboard design and provide ruggedness. The mea-
surement portion of the system (except current driver and
amplifier) was housed in a polystyrene foam enclosure for
thermal stability. A rendering and optical layout of the sys-
tem can be seen in Fig. 1. As a proof-of-principle benchtop
system, using off-the-shelf optomechanics, the optical mea-
surement system had dimensions of 17′′

× 4.75′′ × 2.5′′. A
ruggedized, field-ready instrument based on this technology
could be expected to have a footprint of 13.5′′

× 3′′
× 2′′ for

the optical system, and a total instrument size on the order of
15′′

× 6′′
× 4′′.

2.3 Optical design

Light from a UV LED was imaged with anf = 35 mm fused
silica aspheric lens and apertured with a pair of irises sepa-
rated by∼ 5 cm to generate a nearly collimated∼ 3 mm di-
ameter beam of light. A UV bandpass filter (Semrock: 252–
268 nm, Fig. 2) removed most unwanted emission from
the LED, and the resulting filtered light was split with a
70 T/30 R thin plate dielectric beam splitter (NewFocus). The
70 % transmitted portion of the UV light passed through the
IBB-CEAS measurement cell and was imaged onto a detec-
tor with anf = 25 mm fused silica spherical lens. The IBB-
CEAS cell was formed with a pair of 1/4′′ thick fused silica
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Figure 1. Optical layout (top) and rendering (bottom) of simultaneous IBB-CEAS and single-3 

pass ozone measurement system in a standard 19” rack-mount chassis. 4 

 5 

Fig. 1.Optical layout (top) and rendering (bottom) of simultaneous
IBB-CEAS and single-pass ozone measurement system in a stan-
dard 19′′ rackmount chassis.

concave mirrors (f = −150 mm) having a 99.3 % dielectric
coating on the concave surface and anti-reflection coating on
the plano surface. The mirrors were separated by 14.5 cm to
form a stable (0≤ g1 · g2 = 0.87≤ 1) resonator (Busch et al.,
1999).

The 30 % reflected portion was directed by a UV turning
mirror (CVI: Maxbrite 245–390 nm) through a single-pass
measurement cell and imaged onto a silicon carbide detector
with an f = 25 mm fused silica spherical lens. The single-
pass cell had a path length of 14.5 cm matching the physical
length of the IBB-CEAS cell, and used UV-AR coated fused
silica windows. This dual cell design allowed for simultane-
ous calibration and quantification of cavity enhancement, and
extended the dynamic range of ozone measurements made by
the instrument.

2.4 UV source

UV light was generated by a UV-Top LED (peak= 254.5 nm,
FWHM = 11.1 nm) mounted into a cagemount LED adaptor.
The LED was driven by an ILX current driver at 20 mA pro-
ducing∼ 300 µW of available optical power. This LED has a
temperature-dependent drift of∼ 1.5 % K−1 at 20 mA, which
necessitates temperature stability measures. A high thermal
mass holder, coupled with insulation, is sufficient for lab-
oratory work. A field instrument may require an additional
monitoring photodiode to maintain performance.

 15

 1 

Figure 2. Wavelength dependence of components in the system. 2 

  3 
Fig. 2.Wavelength dependence of components in the system.

2.5 Detection and data acquisition

Silicon carbide photodiodes (Electro Optical Compo-
nents: JEC 1.6RC with integrated UV-C filter, 1.6 mm2)

were used for both single-pass and IBB-CEAS measurement
channels. Photodiodes were mounted into 1′′ OD machined
aluminum cylinders and soldered to 12′′ lengths of BNC-
terminated, shielded coax cables. The detectors were ampli-
fied by Stanford Research Systems SRS-570 low noise cur-
rent amplifiers. IBB-CEAS and single-pass channels were set
to 100 pA V−1 and 50 nA V−1 gain respectively, low-pass fil-
tered at 100 Hz, and operated in low drift mode. The resulting
signal ranged from 1 to 1.6 V, such that even though most of
the LED emission is rejected by the aperture pair and input
cavity mirror, sufficient light reaches the detector to make
sensitive measurements at high signal-to-noise.

The amplified detector signals were acquired using a Na-
tional Instruments DAQ multi-function I/O card (NI USB-
6251 BNC) and recorded using a custom Labview VI. Data
were acquired at 10 000 points/sample at±2 V full scale at
16 bit.

2.6 Sample cell

To minimize ozone loss within the instrument, the sample
cells were made out of virgin PTFE Teflon. 1′′ OD rods were
machined to 14.5 cm in length and bored out to 5/8′′ inner
diameter. Both ends were machined to accept recessed Vi-
ton fluoropolymer O-rings for compression seals with optics.
NPT ports were machined into the ends and were fitted with
NPT–Swagelok Teflon fittings for gas flow.

2.7 Flow handling

The IBB-CEAS cell and the single-pass cell were plumbed
in series with Teflon tubing such that both cells measured
the same sample gases, which were drawn through the sys-
tem using a diaphragm pump. Flow was regulated with a
Swagelok ball valve and monitored on a Matheson flow
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Figure 3. Simultaneous IBB-CEAS (top) and single-pass (bottom) transmission measurements 4 

taken at 0.01 second integration, of periodic ozone concentration spikes generated from 5 

discrete Hg lamp pulses. 6 

  7 

Fig. 3. Simultaneous IBB-CEAS (top) and single-pass (bottom)
transmission measurements taken at 0.01 s integration, of periodic
ozone concentration spikes generated from discrete Hg lamp pulses.

gauge to be∼ 500 cc s−1. All fittings and tubing were pure
Teflon up to the exit of the final measurement cell.

2.8 Ozone generation and scrubber

Ozone was generated by flowing unfiltered laboratory air
through a lab-built aluminum reaction cell containing a
nearly continuous (fast pulse) mercury vapor lamp (Oriel).
The photolysis of O2 in air by lamp generated 183 nm light
from the lamp, which produced sufficient quantities of ozone
to evaluate instrument performance. Concentrations of ozone
within the reaction cell could be varied by altering the dis-
charge current to the lamp, and ratios could be further ad-
justed by mixing ozone-laden air with lab air. This was nec-
essary for generating low ozone concentrations, since the Hg
lamp pulse became resolvable at low currents (Fig. 3). When
applicable, ozone was neutralized with an in-line canister
containing∼ 130 cm3 of high surface area granular carbon
to evaluateIo. For demonstration purposes, the selection of
activated carbon was entirely sufficient to completely neu-
tralize all ozone present. We anticipate that a field instrument
would employ MnO2 for this purpose in order to ensure that
any potential UV-absorbing organic interferents were not re-
moved from the process stream causing measurement bias
(Zucco et al., 2003; Viallon et al., 2006). Additionally, it is
expected that a field-deployed device would also require a
Teflon particulate filter.
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 2 

Figure 4. Simultaneous 0.1 second integration IBB-CEAS and single-pass transmission 3 

measurements of periodic ozone introductions.  4 

  5 

Fig. 4. Simultaneous 0.1 s integration IBB-CEAS and single-pass
transmission measurements of periodic ozone introductions.

3 Results

The performance capability for measuring ozone with the
IBB-CEAS technique was evaluated through direct compar-
ison with a matching single-pass absorption measurement.
Side-by-side comparisons with other instruments were be-
yond the scope of the project. The ozone reservoir was pe-
riodically sampled into the coupled IBB-CEAS and single-
pass cells at various mixing ratios with ambient air to obtain
a wide range of measured concentrations. Figure 4 shows
the results from sampling bursts of ozone-laden air into the
sample cells, illustrating the improvement in the signal-to-
noise of the IBB-CEAS measurement over the single-pass
measurement. For the lowest concentration of measurements
(0.1 s integration), the single-pass measurements barely dis-
cern an ozone signal, while the IBB-CEAS measurements
clearly show a transience in ozone concentration.

Comparison of the measured transmission losses between
the cavity-enhanced cell and single-pass cell allows the en-
hancement gain from the IBB-CEAS measurement cell to be
determined according to Eq. (4). These results, corrected for
Io drift, are shown in Fig. 5. An enhancement factor of 50-
fold is clearly shown for the IBB-CEAS measurement with
respect to the single-pass measurement. Scatter at low loss is
due to noise in the single-pass measurements used in the cal-
culation. The observed transmission loss in the single-pass
and IBB-CEAS cell can be directly converted to an ozone
concentration by applying Eq. (6):

c =

− ln
(

I
Io

)
E · α · L · X ·

Po
P

, (6)

whereE is the enhancement factor,α is the absorption cross
section,X is the molecular density of air at 760 Torr and
P is the measurement pressure relative to 760 Torr (Po).
For this calculation, we use an effective cross section of
1.04× 10−17 cm2 molec−1, which is the ozone cross section
weighted by the emission of the LED and bandpass of the
filter (Fig. 2). A constant value ofIo is used and was ob-
tained before each experiment by using lab air exclusively

Atmos. Meas. Tech., 6, 487–494, 2013 www.atmos-meas-tech.net/6/487/2013/
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Figure 5. Measured transmission losses for IBB-CEAS vs. single-pass sample cells with 3 

matching ozone concentrations, indicating an enhancement value of 50x.  Scatter is due to 4 

noise in the single-pass measurements used in the calculation (see Fig. 4). 5 
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Fig. 5.Measured transmission losses for IBB-CEAS vs. single-pass
sample cells with matching ozone concentrations, indicating an en-
hancement value of 50×. Scatter is due to noise in the single-pass
measurements used in the calculation (see Fig. 4).

or passing ozone-laden air through a neutralizer (continuous
measurements ofI with neutralizer in line for ozone off and
ozone generation at maximum show no change, indicating
complete neutralization).

In Fig. 4, the IBB-CEAS system demonstrates measure-
ments from 330 ppb to 14 ppb with a standard deviation noise
floor of < 1 ppb ozone. These data, taken at 0.1 s integration
time, also demonstrated the minimal averaging time required
to achieve high sensitivity. Lower ozone mixing ratios were
explored by operating the ozone lamp at low current. Under
this regime, the lamp transitions from quasi-continuous (very
rapid pulses) to pulsed emission. When the current on the
lamp’s power supply output is adjusted to the lowest setting,
the lamp undergoes periodic capacitive discharge, generating
discrete bursts of light and ozone approximately every 4 s.
Figure 3 demonstrates the detection of transient, low concen-
tration ozone levels generated from the lamp flashes. These
data, acquired at 100 Hz, show that IBB-CEAS is vastly su-
perior to the single-pass measurement, fully resolving the
< 10 ppb ozone bursts with a limit of detection of∼ 1 ppb.

System stability, shown in Fig. 6, was determined from
Allan variance analysis (Werle, 2011). Data were acquired
for 6000 s for both the amplifier (DC, LED off) and the sta-
bilized cavity throughput (Io, LED on) at 0.1 s integration
time. Effective concentration for the amplifier+ detector
noise (LED off) was calculated by scaling the signal byIo
(LED on), offsetting such that the mean ofIDC = 1, and then
performing Allan calculations. The variance was calculated
for data binned from 0.1 to 600 s of data averaging. Over the
course of acquisition, the DC component from the amplifier
was stable and showed no substantial long-term drift. The
Io component of the system, which includes the DC com-
ponent plus LED output stability and cavity coupling sta-
bility, had drift of ±0.2 % over 100 min. The system stabil-
ity is well below an effective 1 ppb ozone concentration at

 19
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Figure 6. Allan variance analysis to determine improvement gains from data averaging, and 2 

the time domain for re-zeroing of the background to attain a targeted precision. Dashed line 3 

represents theoretical white noise. Roll off at 0.1-0.4 seconds integration is related to 4 

amplifier bandwidth limit. 5 
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Fig. 6. Allan variance analysis to determine improvement gains
from data averaging, and the time domain for re-zeroing of the
background to attain a targeted precision. Dashed line represents
theoretical white noise. Roll off at 0.1–0.4 s integration is related to
amplifier bandwidth limit.

10 Hz, and only exceeds this threshold after approximately
400 s of integration.

4 Discussion

According to Eq. (5), the theoretical enhancement for a cav-
ity consisting of mirrors withR = 99.3 % should approach a
factor of 142 as cavity losses decrease. The data presented
in Fig. 5 indicate that, for small losses, the IBB-CEAS sys-
tem has a measured enhancement of approximately 50 with
respect to a single-pass cell. This difference in enhance-
ment may arise from one or a combination of the following
sources: (1) cavity coupling; (2) Rayleigh scattering; and/or
(3) out of band light (OBL). Each of these sources was eval-
uated systematically. Cavity coupling was investigated by
changing the input conditions of the LED by varying the fo-
cal plane of the mode matching optics and by aperturing in-
cident emission, neither of which provided a significant im-
provement on enhancement. Rayleigh scattering was calcu-
lated to be an insignificant loss term compared to the cavity
loss at 255 nm (4× 10−5) and was verified with low pres-
sure experiments. OBL, however, appears to explain the en-
hancement discrepancy. OBL is simply light generated from
the LED measured by the photodetector that falls outside
the mirror reflectivity band, such that it has a considerably
shorter effective path length through the cell than in band
light. Since it is non-resonant (or lower resonant for light that
sits on the shoulder of the reflectivity curve), OBL suppresses
enhancement when it is averaged with the transmitted signal.
We tested the effect of reducing OBL by comparing two SiC
detectors, where one had a UV-C (220–275 nm) filter inte-
grated in the package housing. Although the UV-C filter is
not optimized to remove all OBL from the LED, this simple
modification improved the enhancement from∼ 30× to 50×.

www.atmos-meas-tech.net/6/487/2013/ Atmos. Meas. Tech., 6, 487–494, 2013



492 A. L. Gomez and E. P. Rosen: Fast response cavity enhanced ozone monitor

Table 1.Performance comparison of ozone instruments.

Physical Sensiti- Response
length vity Rate Special

Instrument Method (cm) (ppb) (Hz) Considerations

This work IBB-CEAS 14.5 < 1 10 UV LED temperature dependence
2B Technologies Model 205 UV absorption 15 3 0.1 Long averaging for high sensitivity
Kalnajs (2009) UV absorption 50 1 1 UV LED temperature dependence
Gao (2012) UV absorption 30 0.4 2 High power usage
Washenfelder (2011) CRDS UV absorption 93 0.026 1 Consumables
Zahn (2012) Chemiluminescence n/a 10 50 Consumables, rapid dye degradation
Darby (2012) CEAS 25 8 0.1 Stability of UV source

Future generations of the IBB-CEAS system will employ
tailored filtering to further reject OBL, thereby improving
system performance.

Measurement precision is often improved upon with sig-
nal averaging. For an ideal system limited by white noise,
averaging can improve the signal-to-noise ratio by the square
root of the number of averages. However, averaging gains are
often limited by systematic sources such as thermal drift that
do not benefit from additional averaging. For IBB-CEAS, the
precision is dependent on the stability of the DC component
of the signal. In this system, it is the combination of stabil-
ity from cavity coupling, LED output (Iin), the amplifier, and
detector responsivity. Contributions from any of these com-
ponents to the DC signal cannot be averaged out and dic-
tate the time scale for re-zeroing the measurement system
for the condition of zero-ozone (Io). Figure 6 shows the total
system stability (Io) and the effects of signal averaging. Al-
lan variance analysis on long period, steady-state measure-
ments yields valuable information on practical system limits.
Non-stochastic noise is the primary limitation in this system
keeping the limit of detection to a few hundred ppt for an
averaging time of approximately 30 s, inferred from the min-
imum in the Allan plot. The system drift also dictates a pe-
riod of a few hundred seconds for re-determiningIo with a
zero-ozone measurement in order to maintain< 1 ppb ozone
detection. The increasing variance at short integration time
(t = 0.1 to 0.4 s) is due to the bandwidth limit of the ampli-
fier at high gain (BW= 10 Hz) and has been previously de-
scribed (Werle, 2011). A low-noise, fixed-gain amplifier with
a higher bandwidth limit such as the Femto LCA-200-10G
(gain= 1× 1010 V/A, BW = 200 Hz), coupled with a higher
throughput pump, would allow for> 10 Hz instrument re-
sponse and would yield more familiar Allan variance results.

We can estimate the full dynamic range of the IBB-CEAS
measurement system by approximating Eq. (3) to account for
the OBL reduction of enhancement (50× enhancement→
R = 98 %). If we define the dynamic range as the noise floor
up to an absorbance of 1, for 0.1 s measurements, IBB-CEAS
has a measurement capability from 1 ppb to∼ 15 ppm. Com-
bining IBB-CEAS with single-pass measurements would ex-
tend the upper end measurements to about 730 ppm. This

parallel measurement would have the added benefit of self-
calibrating the enhancement factor for when IBB-CEAS and
single-pass both have appreciable transmission losses.

The present IBB-CEAS system with a base path of 14.5 cm
has a sensitivity of< 1 ppb, a dynamic range of 1 ppb to
730 ppm (with tandem single-pass measurement/calibration
cell) at an integration time of 0.1 s, and requires no con-
sumables. This very fast response time could be particularly
useful for airborne measurements where a significantly im-
proved resolution for ozone mapping could be obtained. As a
comparison, we can look at the performance of several ozone
instruments shown in Table 1.

5 Conclusions

The work presented here demonstrates a compact, self-
calibrating optical instrument for absolute measurements of
ozone at 1 ppm sensitivities at 0.1 s or faster with no consum-
ables. These results are a substantial improvement over re-
lated single-pass instrumentation (also operating at 255 nm),
which typically takes a few seconds to a minute to attain a
detection limit of a few ppb. The instrument is capable of
sensitive measurements at ozone concentrations relevant to
both the troposphere and the stratosphere. It is anticipated
that simple improvements limiting the transmission of out of
band light will provide further gains in sensitivity. Improving
thermal stability of the UV LED source will also minimize
the frequency of re-establishingIo.

The high sensitivity and rapid measurement capabilities
of the IBB-CEAS ozone monitor have clear applications for
airborne platforms. With the ability to measure unique air
samples at 10 Hz with 1 ppb sensitivities, the IBB-CEAS
ozone measurement system will allow for one to two or-
ders of magnitude of improvement in spatial measurement
resolution for airborne platforms currently using traditional
optical instrumentation.

Atmos. Meas. Tech., 6, 487–494, 2013 www.atmos-meas-tech.net/6/487/2013/
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