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AMISR Background

▶ Advanced Modular Incoherent Scatter
Radar (AMISR)

▶ Electronically steerable phased array
▶ A single scan cycles through multiple

beam positions extremely quickly,
effectively creating a simultaneous
image of ionospheric plasma
parameters in 3D

▶ Experiments can be easily customized
to generate beams in a wide variety
of configurations

▶ Experiment design can be extremely
flexible
▶ Number/Position of beams
▶ Beam coding/Altitude regimes of

interest
▶ Time resolution

[3] With AMISR technology, as we will discuss, the
assumption of time stationarity over a duration of a scan
is no longer needed, since ‘‘scanning’’ is not necessary.
(We emphasize that time stationarity over an integration
period is still necessary, an assumption intrinsic to IS
spectral analysis.) Instead, with AMISR systems one
forms multiple beams in the sky, steering on a pulse-
to-pulse basis. This approach allows for the simultaneous
measurement of plasma parameters in multiple look
directions, since typically hundreds or thousands of
pulses are integrated together. Fundamentally, this allows
for the study of a class of problems untenable with
scanning systems, where the velocity field changes
rapidly during a scan time. Indeed, it is expected that a
scanning system would produce velocity estimates that
are inconsistent with any features of the true velocity
field during the scan time if the velocity changes rapidly
during the scan.
[4] In this paper we utilize this unique capability of

AMISR systems to resolve velocities and electric fields.
Our approach utilizes a scheme to combine the line-of-
sight velocity estimates as a function of magnetic lati-
tude. While different approaches are possible to retrieve
vector velocities as a function of latitude from a set of
line-of-sight velocities from beams spread in multiple
look directions, we employ a method that combines a
priori and measurement information to regularize the
problem (qualitatively similar to a least squares approach

[e.g., Holt et al., 1984]). This approach has other
benefits, such as the ability to handle both the under-
and overdetermined problems as well as being useful for
experiment planning purposes. We use a similar ap-
proach to obtain wind vectors in the E region, which
will allow for future investigations of Joule heating rates
and neutral interactions. These first results demonstrate
some of the unique capabilities of AMISR technology
for upper atmospheric research.

2. The Poker Flat Incoherent Scatter Radar
(PFISR)

[5] The Poker Flat Incoherent Scatter Radar (PFISR) is
located at the Poker Flat Research Range (65.13!N,
147.47!W) near Fairbanks, Alaska. The radar has been
running in normal user operations since March of 2007.
PFISR underwent a system upgrade in September of 2007 to
complete the ‘‘face’’, upgrading the number of panels from
96 to 128, which had the effect of increasing both aperture
and transmit power (we estimate an increase in backscatter
gain of approximately 33%, and in SNR of approximately
80%). AMISR technology allows the experimenter to steer
the beam on a pulse-to-pulse basis using phased array
techniques, providing a powerful extension over typical
ISR approaches, which offer high-resolution measurements
in one direction only, or reduced time resolution in multiple
directions through physical steering. New avenues of
research opened by this technology include IS spatial
imaging [Nicolls et al., 2007] and the ability to investigate
problems with inherent time-space ambiguities, such as
gravity wave propagation [Nicolls and Heinselman, 2007;
Vadas and Nicolls, 2008].
[6] The radar itself is tilted so that its bore sight

direction corresponds to an elevation angle of 74! and
an azimuth angle (east of north) of 15!. This orientation
was chosen to allow for as much downrange coverage as
possible for the Poker Flat rocket corridors while also
maintaining the ability to look up the local magnetic field
line. Theoretically, any beam pointing configuration
within the grating lobe limits is possible with AMISR
systems. Practically, the PFISR consists of 473 preprog-
rammed look directions within the grating lobe limits.
These positions, along with the grating lobe limits, are
shown in Figure 1. The beamwidth of the system is
approximately 1!, with the system gain decreasing pro-
portional to the cosine of the angle off bore sight. More
technical details of PFISR will be described in a future
system description paper.
[7] The experimental configurations used in the case

studies presented in this paper are general purpose setups
designed in particular for electric field measurements.
Beam configurations are shown for two setups in Figure 2
where the elevation and azimuth angles of the beam

Figure 1. Possible look directions for the PFISR. The
black star-shaped pattern indicates the grating lobe limits
of the system.
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AMISR Advanced Data Products

▶ Resolved Vector Velocities

▶ E-region Wind Profile

▶ 2D Resolved Vector Velocities

▶ Volumetric Interpolation

▶ Energetic Particle Precipitation
Spectra

These high-level data products
require inversion of the original
fitted data, which is often complex
and requires assumptions and/or
regularization.

Figure 6. Vector velocity estimates on the night of 13–14 February 2007. (top) The panels show
the perpendicular east, perpendicular north, and antiparallel velocities along with error estimates as
a function of time and magnetic latitude. The top quiver plot shows the vector velocity estimates
with arrows (blue indicating eastward drifts and red indicated westward) at 10-minute resolution.
The lower quiver plot shows the zoomed-in region indicated by the dashed vertical lines at 2-minute
resolution.
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flow after reversal. We emphasize the altitude variation
of the drifts. In the F region and upper E region (above
!120 km) the drifts are largely uniform with altitude
(latitude) and represent the fact that the flow is pre-
dominantly zonal, that the plasma is collisionless, and
that the ions are E " B drifting. The collisional coupling
between the ions and neutral means that the ions will
transition from flowing perpendicular to applied forces
(i.e., E " B drifting) to flowing parallel to the applied
forces (i.e., with the neutral wind) with decreasing alti-
tude [e.g., Tsunoda et al., 2007]. At intermediate altitudes
(ki ! 1), the ions will drift !45! to the applied forces. At
lower altitudes, one sees the drifts change dramatically,
with a ‘‘band’’ of enhanced meridional flow centered at
about 115 km, with the altitude decreasing with time. This
feature must be induced by a meridional wind and the
downward progression caused by tidal/large-scale wave
behavior. This will be shown and discussed shortly when
the neutral winds are presented.

[33] The derived vector velocities for this night are
shown in Figure 6. The data here were processed at about
two-minute time resolution. To compute the drift esti-
mates in Figure 6 (top, colored), the two-minute data
were binned into 0.5! magnetic latitude bins every 0.25!.
As expected, the errors on the drift estimates increase
farther down range, since (1) signal to noise ratios are
decreasing and (2) fewer measurements are going into
each individual resolved vector. In addition, the beams
are becoming farther apart, so the assumption of zonal
spatial uniformity could be breaking down. The large
errors in the lowest latitudinal bin are the result of few
measurements in this bin that satisfy the minimum
altitude criteria. In this case, the solution is being driven
by the a priori information. For the a priori matrix, we
have assumed diagonality and chosen standard errors of
3000 m/s for the perpendicular directions and 15 m/s for
the parallel direction. The parallel number was chosen by
examining the statistics of a long duration data set of up-

Figure 7. (top) Zonal and (bottom) meridional E-region wind profiles in 15-minute time bins for
the night of 13 February 2007.
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Figure 8. Two examples of comparisons of PFISR LOS velocity with the produced image. (top row) Ex , (middle row) Ey ,
and (bottom row) the LOS velocity for each beam and range gate, as a function of magnetic latitude and longitude.
The jagged blue enclosures delineate the regions with measurement support, where the curvature is used for regulariza-
tion. Outside the enclosures the gradient is used for regularization so that the solution approaches a constant far from
the measurements.

nonlinear, the effect of increasing the number of beams cannot be evaluated using linear methods. At
present, the choice of 41 beams is one of judgement, for the purposes of example.

The two examples are shown in the left and right columns of Figure 8. Figure 8 (bottom row) shows scatter-
plots of the LOS velocities measured by the individual beams. Flow across the radar’s boresight manifests
as negation of the LOS velocity across the boresight, which is evident in some areas. These areas correspond
to an electric field along the boresight, which is aligned with the magnetic meridian (ŷ). The Ey components
are shown in Figure 8 (middle row). An LOS velocity signature that does not reverse across the boresight
is associated with flow along the boresight and indicates an electric field in the zonal direction (x̂). A zonal
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Synthetic Data

▶ “Data” generated with software that represents what a particular
instrument expects to see when observing a defined system

▶ Extremely useful for developing inversion techniques because it
provides “truth” values to compare against

▶ Test how well an instrument (or a particular instrument mode) can
observe a particular phenomena, especially rare events

▶ Optimize observing modes

▶ Basically equivalent to an Observing System Simulation Experiment
(OSSE)



General Concept

Radar

Ionosphere

Synthetic Data Output File



The amisrsynthdata Package

Repository: https://github.com/amisr/amisrsynthdata

Documentation: https://amisrsynthdata.readthedocs.io

1. Install: $ pip install git+https://github.com/amisr/amisrsynthdata.git

2. Create config file - information in documentation

3. Run program: $ amisrsynthdata config . ini

▶ Output mimics the format of an SRI AMISR processed data file

▶ Currently only have a handful of options coded for common ionosphere
states (i.e., polar cap patches, uniform plasma flows), but it is easy to add
custom options by adding new functions to the Ionosphere class

▶ Can be called from command line or imported into python script to access
the Ionosphere or Radar classes directly

https://github.com/amisr/amisrsynthdata
https://amisrsynthdata.readthedocs.io


Basic Setup and Example

GENERAL:
s t a r t t im e : 2016−09−13 00:00:00
endt ime: 2016−09−13 00:30:00
o u t p u t f i l e n ame : s y n t h e t i c d a t a . h5
ion mass : [ 1 6 . , 3 2 . , 3 0 . , 2 8 . , 1 4 . ]
e r r c o e f : [ 1 . , 1 . e−9, 5 . e−9, 1 . e−9]
n o i s e : F a l s e
summary p lot : synthdata summary . png
summary p lo t t ime : 2016−09−13 00:10:00

RADAR:
f u l l n ame : Poker F l a t
a b b r e v i a t i o n : PFISR
s i t e c o o r d s : [ 6 5 . 1 3 , −147.47 , 2 1 3 . ]
beamcodes: [ 64016 , 64157 , 64964 , 65066]
beam azimuth: [ 1 2 0 . , 1 8 0 . ]
b e am e l e v a t i o n : [ 6 0 . , 5 0 . ]
a c f s l a n t r a n g e : [ 8 0 000 . , 800000 . , 3 0 0 0 . ]
a l t i t u d e b i n s :
− [ 8 0 000 . , 150000 . , 1 0000 . ]
− [ 1 50000 . , 800000 . , 5 0000 . ]

i n t e g r a t i o n p e r i o d : 60 .
DENSITY:

un i fo rm:
v a l u e : 5 . 0 e+10

chapman:
N0: 4 . 0 e+11
H: 100000.
z0: 300000.
s za : 0 .

VELOCITY:
un i fo rm:

v a l u e : [ 3 0 0 . , 500 . , 0 . ]
ETEMP:

hype r t an :
maxtemp: 4000 .
s c a l e h e i g h t : 300000.

ITEMP:
un i fo rm:

v a l u e : 1000 .



Ionospheric State Functions

▶ When the Ionosphere class is initialized, it sets up the density,
velocity, itemp, and etemp methods based on the config file

▶ Include the names of the functions to use and auxiliary parameters
(i.e., NmF2, hmF2, position of structure) needed to evaluate them

▶ The auxiliary parameters that need to be defined are described in
the documentation

▶ Can include multiple functions for a single physical ISR parameter -
these are summed to create the complete function



Challenges with Specifying Ionosphere

Potential ionospheric structures one may want to consider:

▶ Polar Cap Patches

▶ Auroral Arcs

▶ Flow Shears

▶ Sun-Aligned Arcs

▶ TIDs/LSTIDs/MSTIDs

▶ Sporadic E Layer

▶ Pulsating Aurora

▶ Energetic Particle Precipitation

▶ Plasma Heating

▶ Infinite other possibilities

A single interface to describe all of these would be challenging to develop
and difficult to use.
Approach:

▶ Don’t try to program in every possible functionality, but make it
easy to add more

▶ Allow for combinations of phenomena (i.e., Gaussian patch on top
of a Chapman layer)

▶ Specify which functions to use in config file



Design Expandable Software

Goal: Make it easy for users to contribute new ionospheric state
functions, even when they do not have extensive experience contributing
to open source projects

1. Only have one location in the source code where new functions
should be added

2. Strictly define the format of functions, particularly in terms of input
and output parameters
▶ input = time, glat, glon, galt
▶ output = ionospheric parameter
▶ ND arrays must be accepted
▶ any coordinate system or array manipulation can happen internally as

long as input/output remains the same

3. Document these requirements VERY clearly

4. Accept that this format and code design may need modifications,
especially in early iterations



Example Applications

▶ Verify that a new
algorithm for
resolving 3D plasma
drift velocities
(Marp) performs
better than the
original algorithm
(Apex)

▶ Sample GEMINI
output in beams to
understand how
RISR-N would
observe a polar cap
with developing
gradient drift
instability



Conclusions and Caveats

▶ Synthetic data are a useful tool for testing observing geometries,
instrument modes, and inversion techniques

▶ When designing software, sometimes it is easier to make it straight
forwards to add more features than try initially code in all possible
uses

Features not currently included in amisrsynthdata:

1. Any kind of proper treatment or simulation of ISR theory - The
module effectively assumes the radar measures plasma parameters
perfectly at a particular location, although empirical errors can be
added.

2. Integration over a time period, smearing along the length of pulses,
pulse coding, or beam spreading.

3. Madrigal data format - Currently files are only generated in the SRI
data format.


