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This document and the two accompanying files present a solution to the question “how
do you effectively present CINDI data in a format that is both attractive and intuitive?”
The problem with most space science data is that we tend to present them in the standard
x-y graph format such as the one below.

This represents CINDI data from one and one-third orbits of the C/NOFS spacecraft
between 6:03 to 8:18 UT on 7 August 2008. It plots the ion temperature, the ion velocity
along the spacecraft’s direction of travel (VX), the two components of the ion velocity
that are perpendicular to the spacecraft’s direction of travel (horizontal and vertical—VY
and VZ), the total ion density, and the total density of light ions (H+) all as timesequenced data. Along the bottom there are some numbers to tell where the spacecraft is
in time and space as well as the angle between the spacecraft’s direction of travel and the
sun. Now this doesn’t look terribly informative at first glance, but this is how scientists
are used to looking at and thinking about the data we use. But even a scientist looking at
the large negative (southward) flow of VY after 7:19 has to stop and think “now just
where is north latitude 3.7 and east longitude 95.4?” And to the non-scientist that we’re
trying to reach through this E/PO, this is the visual equivalent of gibberish.
So I wanted to make a visualization that was more intuitive and global in scale. I wanted
to present the data in such a way where it was clear what the data were and from where
they had been gathered. And luckily I found out about Google Earth.

Google Earth is an application that allows the user to look at the Earth from space all the
way down to the ground. But what is more important for our purposes, it allows users to
create files that overlay their own data onto the Earth. You can make a map showing all
the cities you visited on your travels last summer or locations of all the wildlife reserves
on Earth. In this case, I wrote a program that presents one file of CINDI data as the
satellite circles the Earth. Once the program is running and the data are loaded, then the
user can literally “turn the Earth around by hand” and look at the data presented at any
angle, from any position, from any distance.

The image below shows how I am presenting the data for the ground track, the horizontal
cross-track ion flow along the spacecraft’s track, and the total ion density.

First the ground track of the spacecraft is plotted along the surface of the Earth. Since
Google Earth shows nothing but daylight on all parts of the planet I color-coded the

ground track to denote the dayside (yellow) and the nightside (blue) portion of the orbits.
Second the cross-track horizontal ion flow (which is roughly in a north-south orientation)
is plotted as a series of vectors. The vectors start at the spacecraft’s location and extend
at a right angle horizontally northward or southward. The length of the vector is
proportional to the measured ion flow speed (VY). The longest vectors in the above
image indicate a flow of about 300 m/s. The flow data are plotted once every 10 second
rather than in the full resolution of once per second. This avoids crowding the vectors
together and makes sure they are all visible. Third, the log of the total ion density is
plotted along with the spacecraft’s track as a line that changes altitude as a function of the
log density. Because the density graph line moves up and down, it is the flow vectors
that are plotted at the true altitude of the spacecraft. One of the things you learn from
examining this is that while an elliptic orbit of 400 to 840 km sounds like a lot (it’s a
factor of two change), in this visualization you almost cannot tell any change in the
spacecraft’s altitude. To further denote the density, I have color coded the density line
and the vectors as a function of the density. They range from right red—103 ions per
cubic centimeter to bright yellow—over 105 ions per cubic centimeter.
Because the change in density is plotted vertically and the magnitudes of the flows are
plotted horizontally, a direct view of one variable renders the other one invisible as seen
in the two examples below.

The left image shows a clear view of the flow vectors from above, but there is no way to
judge the altitude of the density line (in orange). Likewise the right image views the
density line (here in red) from the side so the variation in density are clearly seen, but the
vectors are pointed directly at the viewer and appear only as dots, so there is no way to
judge their magnitude. It is because of this that the oblique view on the previous page
was chosen for the movie so that both variables could be clearly seen at the same time.
The two other files in this folder are a Google Earth file (CINDI-GoogleEarth_
7Aug2008.kmz) and a quicktime movie made from the Google Earth file (CINDIGoogleEarth_7Aug2008.mov). The movie was created by doing a video capture of the

Google Earth CINDI application window while the Earth spun once beneath it. This
simulates the observer riding along with the spacecraft for one complete orbit. The
movie was made for presentational use and so persons who do not have access to Google
Earth could also see the results.
The Google Earth file requires the Google Earth program to be on your computer. If you
do not have Google Earth already, go to http://earth.google.com/ for the free download of
the software. Once the software is installed on your computer, you simply double click
on the file CINDI_GoogleEarth_7Aug2008.kmz. This starts up the Google Earth
program and loads the CINDI data. You are then free to play with it as you wish.
The data in these files and the x-y plot on the first page are from a C/NOFS file on 7
August 2008 which covers about one and one-third orbits between 6:03 and 8:18 UT.
This particular file was chosen because it contains two perigee (the point in the orbit
closest to the Earth) passes near midnight over the western coast of South America. There
is a large amount of structure in the plasma density as seen by the variations in the
plasma density (see the figure on the right side on the previous page). While this
nighttime structure is not classical equatorial spread-F bubbles described elsewhere in the
CINDI materials, this is the sort of ionospheric structure that C/NOFS and CINDI were
designed to investigate.
Finally, there are two caveats here. First, the magnitudes of the flows presented here are
not necessarily exact. We are still working on determining whether there is a systematic
offset in the cross-track ion flow so these values may be revised in the future. However
we do not expect them to change by more than a few tens of meters per second at most,
so we feel comfortable distributing this video and Google Earth file as an illustrative
example of the CINDI data. Second, you will note in the x-y plot on the first page that
there is a large data gap in the VY and VZ data between about 6:35 and 7:10 UT (roughly
from eastern Brazil to the western Indian Ocean). This gap corresponds to the portion of
the C/NOFS orbit surrounding the apogee (the point in the orbit furthest from Earth) of
C/NOFS orbit. Here the spacecraft was in the upper region of the ionosphere where the
plasma is composed of mostly H+ ions. Under these conditions where the plasma is
primarily made up of light ions, the VY and VZ results from the ion drift meter are not
reliable, so we have removed those data from this data set. Instead of vectors on the
graphic, only dots are plotted in thie region to denote the missing data.
For more information on using visualization to present data, see Edward Trufte’s three
books: The Visual Display of Qualitative Information, Envisioning Information, and
Visual Explanations.
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