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The new type of limb imager,  operating at two
wavelengths  (353  and  674  nm)  with  a  high-
frequency  imaging  (2  min),  proposed  for  DSG.
Each day this CubSat’ scale  imager will  generate
the global 3D model of the aerosol component of the
Earth's atmosphere along with the distribution of
Polar Mesospheric  Clouds (PMC).  Subpixel image
processing  technology  will  allow  up  to  1  km  of
resolution  of  vertical  atmospheric  profiles.  The
required  downlink  is  only  <50  kilobits/sec.  This
high-frequency  limb  imaging  mode  can  be
implemented on other sensor or camera that makes
images of the Earth (like DSCOVR or VOLCAM).

Introduction:  Aerosol component  of the Earth's
atmosphere and stratospheric and mesospheric clouds
(PSC and PMC) represent a less well-studied element
of the  Earth's  system and  an  important  indicator  of
many atmospheric  processes.  The contribution  of at-
mospheric aerosols to the Earth’s energy budget is a
significant,  yet  relatively uncertain,  factor.  Compre-
hensive measurements of aerosol vertical profiles with
dense spatial sampling are needed in order to compute
climate impacts.  The most effective source of strato-
spheric aerosol data comes from satellite limb scatter-
ing measurements. 

The primary goal of the Limb Profiler (LP) on the
OMPS/NPP “Suomi” is to assess the 3-D distribution
of ozone and stratospheric aerosol in the Earth’s mid-
atmosphere.  The  OMPS/LP  measures  limb-scattered
light at high vertical resolution 1.5–2 km, high sam-
pling rate at one measurement per degree latitude, 14
orbits per day, and on a 5 day repetition rate [1]. The
NPP operates in a near-circular, sun-synchronous orbit
with a 1:30 P.M. ascending node. LP is very sensitive
and  easily records volcanic  clouds and  plumes from
rockets [2]  and  even  clouds left  by fireballs  [3].  LP
provides reliable information on the height of aerosol
layers and clouds. – see Fig.1 from [2]. 

OMPS LP viewing geometry (backwards along or-
bit track) produces high scattering angles in SH, low
scattering angles in NH. When combined with typical
aerosol phase function, this yields a factor of 30 differ-
ence in sensitivity over the latitude range of the orbit.

Other  limitation  of  all  current  aerosol  measure-
ments  is that  data  are  collected only along the orbit
track,  so that  large  areas  are  not  sampled  each  day.
Although  OMPS LP does  have  three  viewing  slits,
their  separation  of  250  km  is  still  relatively  small
compared to the orbital separation.

Fig.1.  Aerosol  Scattering  Index  from Limb Profiler
(OMPS/NPP). Fig from [2].

The Earth  is constantly impacted by meteors, and
meteoric debris are known to contribute to high-alti-
tude atmospheric physics (such as condensation nuclei
for  stratospheric  and  mesospheric  clouds).  These ef-
fects are still  not  well characterized,  and it  is hoped
that  further  observations  will  help  in  better  under-
standing these effects.

The Chelyabinsk meteor about 18 m in  diameter
and  weighing  about  11,000  t  exploded  near
Chelyabinsk on 15 February 2013 at 03:20 UT, at an
altitude of 30 km. The OMPS/LP instrument first ob-
served the meteor plume on 15 February 2013 at alti-
tudes above 40 km near Novosibirsk. On 18 February,
the  plume  was  observed  from  North  America  West
Coast to the middle of the Atlantic Ocean. By the end
of February, the  meteoric  dust  plume had  formed a
quasicontinuous midlatitude belt located a few kilome-
ters above the Junge layer. While the extinction in this
belt is about 10 times smaller than the lower altitude
Junge layer  value,  it  can nevertheless be detected by
limb viewing sensors such as OMPS/LP sensor [3].

Limb observation from geostationary orbit: Sev-
eral pictures of the Chelyabinsk bolide trajectory were
made from the MTSAT-2 satellite (2013) with a time
step  of 30  min.  Figure  2  shows four  pictures  after
computer processing and subtraction of a frame made
before the burst, which increased the plume contrast.
The MTSAT-2 satellite successfully tracked the bolide
plume at a small (~3°) slope of the line of sight to the
direction of motion of the body (in  projection on the
ground). 

New type of a limb sensor: A promising method
of limb observations is photographing the Earth from
cislunar  orbits,  when the image can cover the entire
illuminated  limb.  We suggest  placing  a limb imager
on  the  DSG  for  imaging  the  Earth's  limb  at  two
wavelengths 674 and 353 nm. Through the downlink,
not the whole image will be forwarded to the Earth,
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but only the edge of the planetary disk, corresponding
to altitudes 1-100 km (Fig. 3). 

Fig.  2. Limb images of plume of Chelyabinsk bolide
(Feb 15, 2013) from geostationary satellite 
MTSAT-2. a. 12 min after blast; b. 41 min; c. 72 min; 
d. 101 min. Figure from [4].

Lunar  orbits provide nice opportunity to study of
light  scattering  on  aerosol  particles  from  different
phase  angles  that  provide  information  about  phase
function  and  size  of  particles.  Algorithms  for
observations  of aerosol  clumps  from different  phase
angles will be developed for MASTAR satellite [5].

If  we use 2K*2K matrices,  then  each  pixel  will
correspond  to  7-10  km  of  the  altitude  of  the
atmosphere,  if 4K*4K - 3.5-5 km. This is not a very
high  resolution, which we propose to compensate for
by the high  frequency of the imaging (every 2 min).
We can use well-developed approach  for obtaining  a
sub-pixel  resolution  from  drift-scanning  mode  [6].
Together  with anti-aliasing  algorithms that  take into
account the spherical geometry of the aerosol layers on
the limb, we can obtain a resolution of 1/2-1/3 of the
pixel. This allows the creation of a global 3D model of
the aerosol component and PMC/PSC every 24 hours
with  the  following  characteristics  (Table  1). Filter
choices include 670 nm for aerosol science and 350
nm for altitude registration and better PMC/PSC ex-
traction. ELLI can used on any orbit types (e.g., LLO,
Earth-Moon L2 Halo Orbit  or Near Rectilinear  Halo
Orbit) or on lunar surface (anywhere with a condition
for Earth visibility).

The limb imager will make it possible to study the
distribution  of small  asteroids  near  the  Earth,  using
the Earth's  atmosphere  as a  huge detector. This will
provide important information for developing methods
to  protect  the  planet  from  dangerous  asteroids.
The limb imager can work at any phase of the Earth
during the entire lunar month.

Table 1.

Matrix Z/pixel
(km)

Z- 
resolu-
tion
(km)

Lat.
resolu-
tion
(deg)

Long.
resolu-
tion
(deg)

Down-
link
(kbit/sec)

4K*4K 3.5-5 ~1-1.5 <0.1 <1.0 50

2K*2K 7-10 ~2-3 <0.2 <1.0 13

Fig.3. The limb area for study in the ELLI sensor.

Conclusion: From ELLI observations we can gen-
erate 3D tomography for aerosol component and high
clouds (above dense  cloud layers)  for  whole  atmos-
phere and renew this 3D model each day. Synergy be-
tween ELLI and other sensors (NPP; JPSS; MASTAR
[5]) is possible for developing better 3D model.
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