
actual position with the hypothesized velocity plus or minus a random 
amount to account for a number of processes that effect the motion of 
flying objects. Once again, a grid was constructed around the predicted 
position and then searched. When the object was found, measurement 
noise was applied, and the position was recorded. On the next 
propagation, a filtering method was implemented that fuses the two 
normal distributions of the predicted and measured quantities associated 
with the object’s motion. This fusion was done by multiplying the two 
distributions together. The means of these new distributions were much 
more likely to be a more accurate estimate of the position and velocity. 
Once the data was fused, a new prediction was made propagating from 
the fused position and the fused velocity. When the grid was constructed, 
its size was determined by the standard deviations of the fused 
distributions which resulted in a grid that self adjusted in size as 
prediction and measurement accuracy fluctuated. This filtering method 
was derived from the Kalman filter, an advanced filtering technique with 
many technological applications. The process can be seen in Figure 2.

The model also included a method for track readjustment. If an object 
got too far off the desired path, it must be returned to that path, not just 
tracked as it moved away. The track readjustment worked by determining if 
the error between the measured and ideal path was ever greater than 1 
meter. If it was, all position and velocity values were reset to the ideals. The 
filter’s normal process would restart on the next propagation.

Development of a prediction and tracking model for satellite point ahead and track
Ezekiel Nohr

Mentored by Dr. Harry C. Shaw

The fused position standard deviation in particular was paramount to 
determining the accuracy of predictions because it was calculated using 
the standard deviation of predicted position distribution. This means that 
as accuracy increased, the fused position deviation decreased. The 
continuous increase in prediction accuracy as propagations continue is 
shown in Graph 1. Another way to assess accuracy is by examining the 
grid size. Since grid size uses both fused position and velocity standard 
deviations, the gird size shows how prediction accuracy increases for 
velocity and position in Graph 2.

The standard deviations of the fused position and fused velocity 
distributions are the two key factors in determining the grid size.

Figure 2: A 
flowchart showing 
the process of the 
model. The method 
proceeds until the 
number of 
propagations, k,
reaches the number 
predetermined by 
the user.

Graph 2: A graph showing 
grid size versus propagation. The 
sudden upticks in grid size 
indicate where track readjustment 
occurred. Aside from when the 
track readjusted, the grid size 
continuously decreased, 
indicating higher accuracy.

Graph 1: A graph of the 
standard deviation of the fused 
position distribution. Since 
accuracy is inversely proportional 
to this deviation, the consistent 
decrease of deviation indicated 
that the model continuously 
increased in accuracy
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Satellite laser ranging (SLR) is the process of determining the position 
of a satellite by firing an optical laser pulse at a satellite in orbit around 
the Earth, and receiving a return pulse at the station where the pulse was 
fired. The station uses the travel time of the laser to compute the position 
of the satellite. This is the most accurate method available and provides 
valuable data allowing researchers to track satellites, measure tectonic 
plate drift, and verify aspects of general relativity (McGarry, 2012). The 
main drawback to SLR is that the retroreflectors on the satellites must be 
rather large, relative to the size of the satellites, in order to consistently 
hit the target with the laser. The current size requirements of SLR 
preclude it from use with CubeSats, a type of nanosatellite used for 
various research purposes. Increased accuracy in position prediction and 
tracking would enable smaller retroreflectors to be used, making SLR 
feasible for CubeSats. 

The goal was to create a mathematical model to accurately track and 
predict the position of a small object moving in a circular path above the 
Earth’s surface, as shown in Figure 1. The methods developed in this 
model can be scaled up to a satellite in a low Earth orbit.

The model for position tracking and prediction was written in Python. 
The model had three main steps: initial position determination, first 
propagation prediction, and further propagation predictions. Before 
propagations began, two sets of sample data were generated, one for 
velocity and one for position. These datasets were used to generate two 
normal distributions for predicted position and velocity. The predicted 
values calculated in each propagation were added to these distributions 
after each propagation. A normal distribution for measured position and 
velocity was constructed after each propagation with the measured 
position as the mean and measurement noise as standard deviation. The 
initial position measurement was made by searching a grid of 8,000 
cubes, each of volume 0.1 m3, constructed around an arbitrary point. The 
object was randomly placed in the grid, and then the grid was searched. 
Once found, a random amount of white noise was added to the object’s 
position and stored as the measured position. Noise was added because 
no equipment is perfectly accurate and an important role of filtering 
methods is overcoming measurement noise. The first prediction was 
made by moving the object from the measured position around the path 
at the hypothesized velocity. The actual motion proceeds from the

The goal of this project was to create a model to accurately track and 
predict the position of a small object flying in a circular path above the 
ground. The filtering method developed for this project was able to attain 
high levels of accuracy which allowed the model to self-optimize while 
running. Future work on this project would involve the application of 
this filtering method to CubeSats in elliptical LEO orbits. The next step 
for reaching this final goal would be to incorporate the model into a 
basic circular orbit model to track a satellite. Before being applied to a 
hardware model, modifications would have to be made to the method for 
searching the grid. Currently, each box is checked, but in reality 
calculations for laser angles would need to be done to more efficiently 
search the grid. Object travel time between measurements would also 
need to be accounted for which would also require hardware 
specifications based on the time it takes for the device aiming the laser to 
be moved to a new position. Future work on this project would be of 
great importance as more satellites are placed into already crowded LEO 
orbits. As the number of satellites increases so does the need for better 
tracking to avoid collision and damage.

McGarry, J. (2012). An Overview of satellite laser ranging (SLR) 
[PowerPoint slides]. Retrieved from https://space-
geodesy.nasa.gov/docs/2012/OverviewSLR_mcgarry_120606.pdf
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Figure 1: A visual 
representation of the object 
being tracked. The blue line is 
the sent laser pulse, and the 
red line is the return pulse.


