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Automated Charging Event Identification Algorithm
for LEO Spacecraft Update – 2014
Rebecca L. Bishop, James L. Roeder, Joseph F. Fennell, Phillip C. Anderson
Abstract— A spacecraft-charging event occurs when a
spacecraft is charged to levels exceeding 100 V negative.
These charging events can lead to discharge transients
causing damage to materials and electronics. Generally,
charging studies and mitigation efforts have focused on
high altitude orbits such as GEO and HEO where the
radiation environment is known to be harsh. However,
satellites in low-Earth orbit also experience significant
charging events especially for polar orbiting spacecraft
that are likely to traverse auroral arcs (regions of intense
precipitating electrons). The Defense Meteorological
Satellite Program (DMSP) satellites at 840 km are in a
polar orbit and have observed frame charging up to -2000
V. Previous studies presented by Anderson (8th and 9th
Spacecraft Charging Technology Conference) showed the
results of a statistical study of DMSP spacecraft (F8-F14)
charging events over a complete solar cycle. This study
was performed by manually examining orbit-by-orbit the
SSJ-4, and RPA sensor data. Using the relationships
between ion density and ion/electron energies noted by [1],
we developed an automated algorithm to identify charging
events. The algorithm and its validation are presented. We
apply the algorithm to 6 months of data from currently
operational DMSP spacecraft.

satellites. They found that charging events occurred when the
satellites were in darkness, the plasma density was less than
104 cm-3, and a high integral number flux of high-energy
electrons exists. Fig. 1 illustrates a classic example of a strong
charging event. The event is characterized by a high flux of
low energy ions (bottom panel) that forms a “hook” or “arc”,
and high flux of high-energy electrons. The top two panels
show the average energy and flux of the ions and electrons.
During the charging events the electron energy is much larger
than the ion energy (red line in second panel from top), as well
as the average electron flux (top panel).
Unfortunately, relatively few studies have been undertaken
to investigate these low altitude events since they occur
significantly less frequently than those at the higher orbits.
Reference [3] used the criteria defined by [2] and examined
DMSP F6, F7, F8 sensor data during one-two month periods
for varying solar cycle conditions. They found that solar
minimum conditions observed the largest number events. The
most comprehensive study was performed by [4]. In the study,
he visually examined 11 years of data to identify over 1600
charging events where the spacecraft charged to levels
exceeding -100 V during an auroral crossing. The method
employed by [1][4][5] is time-consuming and tends to identify
the strongest events. In this study we attempt to develop an
automated identification algorithm that can quickly identify
charging events including those that are short-lived.
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II.
SPACECRAFT AND INSTRUMENTATION
This study utilizes the data obtained from DMSP satellite
sensors. DMSP is a series of satellites that first launched in the
early 1960’s and is managed by the Air Force Space
Command. Each satellite is denoted as F1, F2, F3, … F20.
The satellites in the series are low-altitude, polar orbiting, and
sun-synchronous. There is always a minimum of two
operational satellites at a given time and the most recent
satellite, F19, was launched April 7, 2014.
DMSP’s mission is to monitor meteorological,
oceanographic, and solar-terrestrial conditions. Three sensors
observe solar-terrestrial conditions: the Special Sensor for
Ions, Electrons, and Scintillation (SSIES), the Special Sensor J
(SSJ/4 or SSJ/5), and the Special Sensor Magnetometer
(SSM). The SSIES sensor provides in-situ information on the
plasma density, composition, velocity, and composition [6].
The SSJ/4(5) sensor is a precipitating energetic particle
spectrometer that measures energies from 30 eV to 31 keV
with downward flight paths within a few degrees of local
vertical [7]. For this study we focus on the SSJ/4(5) and
SSIES data.

I.
INTRODUCTION
Satellites in low earth orbit (160 -2000 km altitude)
experience a very dynamic atmosphere. Even though these
satellites orbit below the radiation belts, they can still
experience detrimental effects from spacecraft charging
events.
Low-earth orbit (LEO) satellites traverse the
ionosphere, a region of relativity high plasma density. Thus,
the currents to the satellites are primarily due to the
ionospheric thermal ions and electrons. Charging events occur
when the ambient plasma density is very low, and other
sources of currents such as precipitating electrons exist. This
condition occurs primarily in the auroral zone and satellites
have observed significant voltages ( < -100 V). Reference [2]
identified charging events observed by the Defense
Meteorological Satellite Program (DMSP) F6 and F7
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Fig. 1. An example of a charging event as observed by the DMSP F13 SSJ4 sensor data.

III. EVENT IDENTIFICATION ALGORITHM
Our identification algorithm employs the basic criteria first
outlined by [2] that the spacecraft is in darkness and that the
plasma density is less than 104 cm-3. The first step in the
algorithm development is to determine the specific criteria to
employ. Our goal was to develop a relatively straightforward
identification routine. After examining a number of events, it
appeared that the average energy and average energy flux
exhibited certain behavior during the charging events. We
then extracted the ion/e- energy and ion/e- energy flux for the
events identified by Anderson [2000] in 1995-1996 utilizing
the F10, F12, and F13 satellites. These values are from single
channels in the spectrograph data and are shown in Fig. 2.
While they provide an indication that the individual bounds of
the values, it is limited in use since the algorithm will use the
average values obtained from all energy channels. However,
Fig. 2 does provide a clear indication of the relationship
between the parameters and a rough magnitude difference.
Using this information along with examining the average
values for previously identified events, a set of criteria was
determined:
• ion average energy (ie): ie > 35.0 eV
• e- average energy (ee): ee > 3500 eV
• e- average energy flux (eeflx): eeflx > 9.57e11 eV/(cm2
s sr)
• ie < 0.80*ee

• ieflx < 0.15*eeflx
• Ion density (ni): ni < 1e4 cm-3
Since we are focusing on average values that often
display significant noise, we apply a 10-point running average
to the data prior to application of the criteria. To determine
whether one or multiple events are occurring in a cluster, we

Fig. 2. The ion/e- energy and energy flux values from the charging events
identified by Anderson [2000] from the DMSP F10, F12, F13 satellites for
1995-1996.
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Fig. 3. SSJ4 sensor data showing two potential charging events highlighted in blue. Both events identified by our algorithm, only
the right event was identified by Anderson [2000].

Fig. 4. Two vents identified by algorithm are highlighted by blue boxes. The gray box in the center denotes missing or corrupted
data.
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define a single event as any set of data that has no temporal
gap larger than 2 min. This is conservative and may be refined
in future work.
Our first test of the algorithm focused on data from DMSP
F13 for July 19, 1996. This is day was also examined by []
and the event he identified is used as truth for validation.
Reference [1] identified a single event at 0149 UT. Our
algorithm identified six potential charging events for the 24hour period. Fig. 3 shows two of the events (highlighted in
blue) identified by the algorithm with the event at 0149 UT
being also identified by [1] through visual inspection. Neither
event displays a clear “hook” feature but both are
characterized by a high flux of low energy ions. Fig. 4 shows
two other examples that are only identified by the algorithm.
The event at 0512 is barely distinguishable in the figure
visually and is either very weak or false. However, it does
meet the criteria as can be seen in the top two panels of Fig. 4.
The second event identified in Fig. 4 (0515 UT) occurs at the
lowest energy and is extremely weak.
The next test of the algorithm included the entire month of
July 1996 for both F12 and F13 satellites. The algorithm
identified 131 and 113 events identified in the F12 and F13
data while [1] identified 21 and 15 events, respectively. Of the
[1] events, 16 of the 21 the F12 and all of the F13 events were
correctly identified by the algorithm. We examined the 5
events of [1] that were not identified and found only 2 could
be clearly identified as events. This illustrates the weakness in
visual identification. Each of the events identified by the
algorithm was examined visually. The rate of false events is
11.5 and 12.3 for F12 and F13, respectively.

month with at least one event. June showed the maximum
daily occurrence with ~90% for all three satellites.
Table 1. Summary of events identified by the automated algorithm over a sixmonth period in 2010. It also shows the percent of days within each month
that a potential charging event occurred.
F16
F17
F18
Month
# of
%
# of
%
# of
%
Events

Days

Events

Days

Events

Days

January

37

35.5

50

51.6

29

35.5

February

63

67.9

83

71.4

99

78.6

March

53

54.8

93

67.7

90

74.2

April

184

73.3

199

83.3

190

80.0

May

162

80.6

207

83.9

177

83.9

June

133

90.0

170

90.0

158

93.3

The next step is to examine the six months of results and
filter them for strength, duration, and occurrence time. Then
we will expand the data set to a complete solar cycle and
examine whether the solar cycle dependence noted by [3] and
[4] is valid not only for the more traditional strong events but
also for the short-lived, weak events. During these studies we
will further improve the algorithm by refining the criteria to
include spectrograph data.
V.
SUMMARY
We have continued our development of an automated
algorithm capable of identifying potential charging events. By
examining both the ion/e- energy and flux from the low
energy channels and the overall average of all channels of the
SSJ sensor data for the events identified by [1], we established
a set of criteria for the identification of plausible charging
events. During a 31-day validation period, the algorithm
correctly identified ~86% of the events identified by [1].
Applying the algorithm to 6-months of F16, F17, and F18 data
we found that an event occurs 90% of the days in June and
that the maximum number of events occurred between April
and May. There are several advantages to the using an
automated algorithm: 1) the removal of human error and 2) the
ability to identify weak/short events that are often missed
through visual inspection of the data. In the future we plan to
expand the use of this tool to a larger data set and focus on the
weak and short-duration events.

IV. RESULTS AND DISCUSSION
The initial July 2010 F12/F13 validation study showed that
the algorithm correctly identified ~86% of the events visually
identified by Anderson [1], it also was able to identify
conditions for short and weak events. The strength of an
automated identification algorithm is that it can identify
conditions that are not easily identifiable by visual inspection
of the data. This will provide new insight in the number of
times weak and short-term events occur. The algorithm
identified an additional 213 events. After closer inspection of
these events, ~12% were found to be clearly false, leaving 187
potential charging events.
The next step was to expand our study to a larger data set.
We selected January to June 2010 because of the nearly
continuous data and the availability well-processed SSIES
density data. The SSJ data covers all but the first five days in
January. Table 1 shows the algorithm results for the F16, F17,
and F18 satellite data. Similar to the earlier validation work,
the algorithm identifies a significantly larger number of
charging events. It is interesting to note that the number of
events increases over the months with the largest numbers in
April-June. This is similar to earlier study results that showed
a maximum number near the solstice. F16 and F18 events
maximized in April and F17 showed a peak in event number
in May. F16 and F18 have similar orbits so it is not surprising
that they experience similar conditions leading to charging
events. Table 1 also shows the percentage of days during the
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