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Addendum for 
An Intelligent, Onboard Signal Processing Payload Concept 

Paper Number 5088-18 
Submitted to the SPIE AeroSense Conference 2003 

Patrick Shriver, Jayashree Harikumar, Scott Briles, and Maya Gokhale 
Los Alamos National Laboratory, NIS-3 Space Data Systems Group, Los Alamos, NM 

1. SUMMARY 

This document addresses two issues in the original paper entitled “An Intelligent, Onboard Signal Processing 
Payload Concept” submitted to the SPIE AeroSense 2003 C0nference.l Since the original paper submission, and 
prior to the scheduled presentation, a correction has been made to one of the figures in the original paper and an 
update has been performed to the software simulation of the payload concept. The figure, referred to as Figure 
8. Simulation Results in the original paper, contains an error in the voltage versus the capacity drained chart. 
This chart does not correctly display the voltage changes experienced by the battery module due to the varying 
discharge rates. This error is an artifact of the procedure used to graph the data. Additionally, the original 
version of the Simulation related the algorithm execution rate to the lightning event rate regardless of the number 
of events in the ring buffer. This feature was mentioned in section 5. Simulation Results of the original paper. 
A correction was also made to the size of the ring buffer. Incorrect information was provided to the authors that 
placed the number of possible events at 18,310. Corrected information has since been obtained that specifies 
the ring buffer can typically hold only 1,000 events. This has a significant impact on the APM process and the 
number of events lost when the size of the ring buffer is exceeded. Also, upon further analysis, it was realized 
that the simulation contained an error in the recording of the number of events in the ring buffer. The faster 
algorithms, LMS and ML, should have been able to process all events during the simulation time interval, but 
the initial results did not reflect this characteristic. The updated version of the simulation appropriately handles 
the number of algorithm executions and recording of events in the ring buffer as well as uses the correct size for 
the ring buffer. These improvements to the simulation and subsequent results are discussed in this document. 

2, FIGURE CORRECTION 
Battery voltage levels during discharge are a function of the cell capacity, the discharge rate, and the temper- 
ature.2 In general, for a given temperature, a low capacity results in a low voltage, and a high discharge rate 
also results in 4% low voltage. Thus, as the processor switches between algorithms to execute, the voltage levels 
will change depending on the current capacity and the algorithm discharge rate.* Running the Algorithm Power 
Modulation (APM) should result in drastic changes in the voltage level as APM switches between algorithms. 
Additionally, when running APM or any of the algorithms, the voltage level will change based on the number of 
executions. The more executions of a given algorithm in the one second simulation time step, the more charge 
that is drained, and subsequently a higher discharge rate is experienced over the time step.t This property is 
evident in the preliminary results of the original simulation, but were not adequately reflected in the voltage 
versus capacity chart of Figure 8. Simulation Results in the original paper. In the interest of making the chart 
readable, not all of the data points were plotted. Instead, only a few chosen data points were plotted, with mark- 
ers to designate the points and MdTLAB@interpolated results between these few points. Hence, the curves did 
not correctly illustrate the voltage jumps. This unfortunate consequence is corrected in Figure 1. 

‘As mentioned in the original paper, we are neglecting temperature effects during this stage of the simulation 
tRecclll from the original paper that the battery is drained over a one second interval time step in the simulation. 
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Figure 1. Corrected Voltage Prdle: This chart depicts the simulated battery discharge e w e s  during the different 
mod= of operation. The modes of operation refer to the single algorithm execution of LMS, ML, ST, MF or the multiple 
algorithm APM operation. For readability, ML and ST m m  are removed from the chart. This ia the mected chart 
from Figum 8. Stmulntron Results of the original paper. 

Execution Duration Maximum Number of Executions Possible 
3.4p 294,117 

183p 5,464 
8.34ms 119 
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3. SIMULATION UPDATE 
The initial version of the simulation related the number of algorithm executions to the event rate, regardless of 
the number of events in the ring b a r .  For example, given an event rate of 2 events/sec, the chosen algorithm 
would only execute twice in the one second interval. However, depending on the algorithm, it is possible the 
algorithm could execute more than twice within this interval to process events still in the ring buffer. Table 1 
depicts the time duration of each algorithm and corresponding number of maximum possible executions within 
a one second interval. The time duration of each algorithm was determined during the power measurement test 
on the Jet Propulsion Laboratory te~&hench.~ 

During the initial simulation scenario, the event rates range from approximately 2 events/sec to 182 events/sec. 
In comparison to the data in Tahle 1, it is apparent that the LMS and ML algorithms should not have any trouble 
procwsing all events as they occur in the one second interval. However, the ST and MF algorithms will have 
difficulty processing events in this interval. ST will begin to have diEculty when the event rate exceeds 119 
eventslsec. MF should have difliculty during the majority of the simulation run. Events are counted as "lost" 
when the number of events in the ring buffer exceeds 1,000. It should be noted that APM has the ability to 
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Figure 2. Event Processing Performance of ST and MF Algorithms: This figure shows the performance of the 
ST and M F  algorithms in processing events in the ring buffer. Both the number of events in the ring buffer and the events 
lost over the simulation time are shown. For comparison, a plot of the event rate is also illustrated. 

switch between algorithms and use the faster LMS and ML algorithms when the number of events in the ring 
buffer exceed 500.t APM did not lose any events during the simulation run. 

Performance of the ST and MF algorithms in processing events is illustrated in Figure 2. As expected, the 
MF algorithm cannot keep up with the high initial event rate and begins to lose events almost immediately. At 
most, MF can only process two events in the one second interval. The ST algorithm provides better performance 
until the event rate exceeds 119 events/sec. At this time, events begin to fill up in the ring buffer. A brief drop 
in the event rate near 1500 sec allows the ST algorithm to process all events. However, a sharp rise in the event 
rate to 180 events/sec causes the ST algorithm to once again fall behind in processing and start losing events. 
This figure shows the ability of the simulation to execute the algorithms up to the maximum possible number of 
executions within the time interval. Given events in the ring buffer, it is therefore possible for the algorithms to 
process both the incoming events and any excess events stored in the buffer, provided a low enough event rate. 
This was not possible in the earlier version of the simulation. 

The number of executions of a given algorithm has an effect on the capacity drained and discharge rate over 
the simulation time step. The greater the number of executions, the more capacity drained and the higher the 
discharge rate. Figure 3 depicts the discharge rate versus the capacity drained during simulation. Both LMS and 
ML have relatively small changes in the discharge rates due to their fast execution times. The MF algorithm has 
no change in its discharge rate since it always executes twice in the one second time step. By contrast, the ST 
algorithm causes large changes in the discharge rate due to its varying rates of execution and power consumption. 

From the results of Figure 3, it is expected that the LMS, ML, and MF during discharge will exhibit relatively 
smooth voltage profiles while ST should exhibit visible changes in the voltage levels. Additionally, APM should 
exhibit more abrupt changes in voltage to reflect the switch between different algorithms. The simulation does 
exhibit these properties as illustrated in Figure 4. 

$Based on the APM decision procedure discussed in the original paper, APM chooses ML when the buffer is 50% - 
75% of full capacity and LMS when the ring buffer is 75% - 100% of full capacity. 

1 



I+- 

+--+ 

m A MF 

I 
0 ,200 400 600 800 1000 1200 

Cell Capacity Drained (mAh) 

Figure 3. Discharge Rates: This figure depicts the discharge rates of LMS, ML, ST, and MF algorithms. The ST 
algorithm shows the largest fluctuation in discharge rate. 
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Figure 4. Voltage Profile: This figure illustrates the voltage profiles versus the capacity drained during simulation. 
Note that the chart on the right also illustrates APM switching between ML, ST, and M F  algorithms. Due to  the fast 
execution of ML, APM did not need to execute LMS. 



4. CONCLUSIONS 
Since the submission of the original paper, a correction has been made to the voltage profile graph and an 
update was performed on the simulation software. The plotting error was realized and corrected for the new 
graph as illustrated in Figure 1. This figure appropriately illustrates the voltage profile changes in the initial 
results. The update to the simulation included a change in relating the number of algorithm executions to the 
event rate, correction to the size of the ring buffer, and a correction to the recording of events in the ring buffer. 
Figures 2-4 illustrate the results for the updated simulation. These results more appropriately exhibit expected 
behavior for the concept payload system. LMS and ML algorithms execute quickly enough to process all events 
during the simulation run. ST and MF algorithms have more difficulty in keeping pace with the event rate, and 
consequently, do lose events. MF loses the most events due to its low number of possible executions. APM did 
not lose events because it switched to MI, when the ring buffer capacity exceeded 60% of full capacity. ML was 
fast enough to reduce the number of events to process and keep APM from losing events. 
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