
Analysis of an Anomalous Object in an STS-114 Video  
 
Summary 
 
A video taken on the STS-114 space shuttle mission has gained some attention because it 
shows an object that enters the video, seems to come to a stop, and then reverse course. 
The null hypothesis tested is that the object is a small debris particle being accelerated by 
atmospheric drag. Methods are described that were used to estimate the objectÕs 
acceleration and to compute the corresponding size of the object assuming it is being 
accelerated by atmospheric drag and is just far enough from the camera to be in focus. 
While the trajectory of the object seems somewhat unusual, it is concluded that the 
objectÕs behavior is consistent with the null hypothesis. 
 
Introduction 
 
A video taken during the July/August 2005 STS-114 return-to-flight mission of the Space 
Shuttle Discovery shows an object entering the cameraÕs field of view from the right edge 
of the frame and then reversing course. Jeff Challender has good animation of the video1. 
This may seem to be unusual behavior for a debris particle. But on watching the video, it 
is apparent that after the object reverses course, it is moving in the same direction as the 
clouds below, which means it is also the direction in which molecules of the EarthÕs 
residual atmosphere are moving relative to the space shuttle. This is illustrated in the 
Òtime exposureÓ composite of video frames at 2-second intervals in Figure 1.  
 
The correspondence of the motion of the object with the motion of the cloud cover 
suggests that the object could be a small debris particle near the spacecraft that is being 
accelerated by atmospheric drag. (The large number of what are probably slowly drifting 
debris particles is one reason to suspect the object is just more shuttle debris, but not a 
subject of this article.)  The atmosphere is extremely tenuous at the shuttleÕs orbital 
altitude but it moves with respect to the shuttle at its orbital speed Ð more than 7 
kilometers per second (17,000 miles per hour). Is that Òwind speedÓ fast enough to affect 
a small debris particle in the way seen in the video, or is the atmosphere much too thin at 
the space shuttleÕs orbital altitude to explain the objectÕs behavior as the result of drag 
forces? As will be shown here, a quantitative answer to this question can be computed by 
rephrasing it as: 
 

Given reasonable assumed values for the objectÕs drag coefficient and its distance 
from the camera, and its measured positions on the video frames at different times, 
would the implied size of the object be large enough or too small for the camera to 
detect? 

 



 
Figure 1: Time-exposure composite of frames spaced 2 seconds apart. The objectÕs 
positions on its original r ight-to-left path are marked with green dots. The positions 
on its return path are marked in red.  
 
 
 
The Drag Force Equation 
 
Any drag force, no matter how small, could cause an object to accelerate at a very high 
rate if the object is of sufficiently small thickness. The equation for drag force2, FD is: 
 

Equation 1  OMMDD AvCF 2

2
1

!=  

 
Where

D
C  is the drag coefficient of the object, M! is the density of the atmospheric 

medium, 
M
v is the velocity of the medium relative to the spacecraft (i.e., 7 km per 

second), and AO is the surface area of the object in the direction perpendicular to the wind 
direction. 
 
If atmospheric drag is responsible for the objectÕs behavior, then the drag force on the 
object should be equal to the objectÕs mass, mO, times the measured acceleration, aO. 
Therefore from Equation 1: 



 

OOOMMDD
amAvCF ==

2

2
1

!  

An objectÕs mass is equal to its density, O! , multiplied by its volume. Assuming the 
object is a rectangular block, its volume is the surface area AO times the thickness, TO, 
parallel to the airflow so: 
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The orientation of the object relative to the direction of airflow is illustrated in Figure 2. 
 

 
Figure 2: I llustration of air  molecules impinging on an object. The magnitude of the 
objectÕs acceleration is in part dependent on its thickness, TO.  Gray arrows 
represent the direction in which air molecules impinge on a sur face of area AO 
perpendicular to the direction of air motion. 
 
AO appears on both sides of Equation 2 and therefore can be dropped and the thickness of 
the object is: 
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The smaller the value of TO estimated by Equation 3, the less likely that the objectÕs 
acceleration could be explained by atmospheric drag. A reasonable thickness could be 
several orders of magnitude below the resolution of the camera because even very small 
objects can be visible to a light-sensitive camera when illuminated by sunlight. During 
the very first space shuttle flights, NASA conducted a study using stereo cameras with 
long exposure times to determine the number, sizes, and distances of spacecraft-
generated particulates in the vicinity of the spacecraft3.  Rather surprisingly, particles as 
small as 30 microns (30X10-6 meters) could be detected at distances from the cameras as 
far as 20 meters. The particles were too small to directly measure their sizes; sizes were 
estimated based on how much sunlight they reflected. While the video camera used 
during STS-114 was probably not as light sensitive as the specialized stereo cameras used 



on the early flights, it was most likely sensitive enough to detect particles whose sizes 
were well below the cameraÕs resolution. 
 
More detailed investigation of the video cameraÕs sensitivity to light and the reflectance 
of typical shuttle debris would be called for only if a value computed for TO implied an 
angular size several orders of magnitude smaller than the cameraÕs resolution. 
 
Since much of the debris near the spacecraft is thought to be particles of ice, a reasonable 
value for O!  is the density of water: 1000 kg/m3. The value of vM is the orbital speed: 
7000 m/sec. At the 300-km altitude of the Discovery during STS-114, the density of the 
atmosphere varies with solar activity4. To slightly bias the results in favor of the null 
hypothesis (i.e. the object is a small debris particle accelerated by atmospheric drag), the 
maximum atmospheric density will be assumed to be 10-10 kg/m3. 
 
A typical value for the drag coefficient, CD, of a satellite in space5 is 2.2. This is a rather 
high value, probably because little effort is invested in designing spacecraft structures to 
reduce drag in the near vacuum of space.  The drag coefficient of ice particles may be 
considerably less. However, again to slightly bias the results in favor of the null 
hypothesis, 2.2 is the value of the drag coefficient that will be assumed here. 
 
 
 
Estimating Acceleration 
 
The final parameter for which a value is needed is the objectÕs acceleration, aO, which 
must be determined from measurements of the objects position on the video frames at 
different times. But the true acceleration cannot be obtained by simply assuming that 
changes of apparent speed in the video are the result of real accelerations; objects in the 
video are moving in 3-dimensional space. An object moving at a constant velocity away 
from the camera will appear to be slowing down in the 2-dimensional video. If moving 
toward the camera, it will appear to be speeding up. To complicate things further, the 
object may be accelerating towards or away from the camera as well as accelerating in a 
direction parallel to the image plane where distances can be measured. 
 
The actual speeds and accelerations are dependent on the distance of the object from the 
camera, something that cannot be determined without stereo cameras. However, the 
acceleration can be determined by multiplying an assumed distance of the object from the 
camera by a scale factor. The Appendix to this article describes how scale factors for 
acceleration and velocity can be obtained by measuring the position of the object at five 
different times.  
 
The parameters required to compute the accelerations are listed in Table 1. The field of 
view was assumed to be 40¡.  I chose a 500X375 frame format for my digital recorder. I 
received my copy of the VHS tape from Mr. Donald Ratsch, who recorded it at home.  
 



Biasing the assumed distance in favor of the null hypothesis, a reasonable distance of the 
object from the camera would be just far enough away from the camera to be in focus 
when the camera is focused at infinity. For the video cameras aboard the space shuttles, 
this distance, referred to in the Appendix as z0, is about 2 meters.  
 

Table 1: Parameters used for  computing velocities and accelerations. 
Parameter Parameter Description Value 

z0 Distance of object from camera at t0 2 m 
!  Horizontal angular field of view  40¡ 

W Field of view width 500 pixels 
H Field of view height 375 pixels 

 
 
 
Table 2 lists the measured pixel coordinates of the object at five times, ! t, relative to the 
video running time of the first frame. The objectÕs position needs to have changed by a 
substantial distance between frames used for the measurements in order for the computed 
scale factors to be accurate. To test how sensitive to measurement error the computations 
are, I assumed that all of my measurements could be off by as much as 1 pixel in either 
direction and varied the graphics coordinate values from 1 pixel less than my measured 
value to 1 pixel greater for each of the objectÕs five positions input to my acceleration-
computing program. Thus for each measured coordinate there are 3 possible values 
assuming a 1-pixel error margin and there is a total of 35 or 243 combinations of values 
for the set of 5 coordinates input to the program and an equal number of possible scale 
factors returned by it. 
 
Table 2: ObjectÕs X and Y graphics coordinates measured at five different t imes. 

! t 
seconds 

X 
pixels 

Y 
pixels 

  0 477 254 
  2.10 336  216 
  5.97 176 176 
12.03    81  152 
30.00  197  184 

 
Table 3 gives the minimum and maximum values of the accelerations for the 243 
computations based upon the assumption that the object was 2 meters from the camera. 
The first row shows the X components of acceleration. The second row gives the Y 
components. The component of acceleration in the Z direction (perpendicular to the 
image plane) is shown in both rows because the method used to compute the X and Y 
components also returns the Z components. Positive Y accelerations are toward the upper 
edge of the video frame, positive X accelerations are to the right, and positive Z 
accelerations are away from the observer. (I have omitted the computed velocity 
components, because they are not relevant.)  
 



Table 3: Minimum and maximum computed X and Y components of acceleration assuming a 1-pixel 
error  margin for  the measured graphics coordinates in Table 2 and using the parameters in Table 1.  

 
Axis 

Acceleration 
Component 

m/s2 

Z Acceleration 
Component 

m/s2 

X +.0097  +.010 0 +.008 
Y  - .0029 -.0026 -.018 +.012 

 
The Y component of acceleration is small in comparison to the X component and the 
range of the Z component is too large to be useful. . For those reasons I use the minimum 
X component only for my estimate of acceleration in computing the object thickness.   
 
 
Estimating Object Thickness 
 
With the final parameter Ð acceleration Ð now computed for plugging into Equation 3, we 
can now obtain an estimated thickness of the object required by the null hypothesis: that 
atmospheric drag was responsible for the objectÕs course reversal. The parameters for use 
in Equation 3 are listed in Table 4. 
 

Table 4: Parameters used to compute maximum thickness of object. 
Parameter Parameter Description Value 

M
!  Density of the atmospheric medium 10-10 kg/m3 

O
!  Density of the object 1000 kg/m3 

D
C  Drag coefficient 2.2 

Mv  Velocity of atmospheric medium 7000 m/s 

aO Computed acceleration  .0097 m/s2 
 
 
The required thickness, TO, turns out to be 2.5 X10-4 meters or less. At a distance of 2 
meters, an object of this diameter would subtend an arc of 0.007¡. This is well below the 
resolution of the video, which is approximately 0.08¡ (this resolution was estimated by 
dividing the assumed 40¡ angular width of the cameraÕs field of view by the frame width 
of 500 pixels).  
 
 
Conclusion 
 
The objectÕs computed thickness, TO, subtends an arc about 1/10th the resolution of the 
camera at a distance of 2 meters. However, TO is still two orders of magnitude larger than 
the diameters (30X10-6 m) of particles detected at 20 meters from the stereo cameras of 
the early shuttle flights. If the computed value of TO had been, say, 3 microns, there 
might have been reason to believe there was something anomalous about the objectÕs 



behavior. But even that low value could not be considered conclusive without more 
knowledge about the cameraÕs light sensitivity and the reflectance of ice particles. 
 
While the value of TO is only a Òball parkÓ estimate, a small debris particle large enough 
to be detected at several meters from the camera yet small enough for atmospheric drag 
to cause the course reversal seen in the video is clearly in the ball park. The only 
parameter that could be changed in such a way as to rule out the null hypothesis is the 
distance from the camera. If it were to be assumed that the object was kilometers away 
from the camera, then it would have to be a very large object that could not possibly be 
influenced by the EarthÕs tenuous atmosphere at the shuttleÕs orbital altitude. But that, of 
course, would be a circular argument since assuming such a distance immediately implies 
that the object was some sort of unconventional spacecraft. 
 
One thing that was unexpected is that the object appears to travel over the same path (in 
two dimensions) from left to right that it took after it entered the video and moved from 
right to left. It would be much more common for a path randomly oriented to the camera 
to have a ÒUÓ shape. Presumably, the path of this object does have such a shape, but it is 
not visible because the path lies in a plane perpendicular to the cameraÕs image plane. 
The Z component of velocity I computed was away from the camera, and the object 
appears fainter on the return leg, so the object was not really moving in a straight line 
before or after its course reversal. While this apparent Òdoubling backÓ may be a 
somewhat rare coincidence, it is not sufficient to disprove the null hypothesis.  
 
While I do not believe there is anything about this object that could be used to rule out 
the null hypothesis, I think this article is still worthwhile because it does eliminate a 
certain type of false, but seemingly compelling, indicator of anomalous space objects. 
Also, the process of estimating accelerations and sizes from video frames that has been 
discussed here could be useful in other cases.  



 
 

Appendix 
 
Finding Scale Factors for Velocity and Acceleration in 3 Dimensions 
from Two-Dimensional Video Frames 
 
Figure A1 shows an object in 3-space and its perspective projection onto an image frame. 
A 3-dimensional coordinate system is chosen such that the origin is at the camera focal 
point, the X-axis is parallel to the image frameÕs horizontal edges, and the Z-axis is the 
normal direction of the image plane. Point O, the focal point of the camera, is the origin 
of the coordinate system in 3-space. The projection of Point O on the image plane is also 
the origin of the two-dimensional X-Y coordinate system of the image frame.  
 
Accelerations and velocities cannot be derived from two-dimensional video frames. 
However we can obtain values for scaling factors that when multiplied by any assumed 
Z-coordinate, z0, of the object at some point in time, t0, will return the acceleration and 
velocity that the object would have for that value of z0.  
 
The video elapsed time in any frame in which the object appears can be designated 
arbitrarily as t0. To simplify the equations developed here, times relative to t0 are used. 
The relative times are defined as: 
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And ! t0 = 0.  
 
The QuickTime movie player displays accurate video run times to a precision of 1/30th of 
a second, so the errors in time are not of any great concern. 
 
 
From similar triangles, it can be seen in Figure A1 that at any time, tn, the objectÕs X-
coordinate, xn, its Z-coordinate, zn, and the cameraÕs focal length, F, are related to the 
horizontal position of the objectÕs image in the frame, Dn, as follows: 
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Figure A1: Viewing geometry of an obj ect in an image plane at two different posit ions. Dotted lines 
represent the direction of the obj ectÕs motion in 3-space and on the image plane.  
 



The focal length F is in units of image pixels and is obtained using the angular width of 
the cameraÕs field of view,! , and the width, W, of the image frame in pixels: 
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For example, if the frame width on the QuickTime display is 640 pixels and the field of 
view of is 40 degrees, then the value of F is 879.2 pixels.  
 
Adding velocity and acceleration terms to Equation A2 gives: 
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Variables topped with a single dot represent the first time derivatives of distance (i.e., 
velocity components) and variables with two dots represent the second time derivative of 
distance (i.e. acceleration components).  
 
Dividing both sides of Equation A3 by z0 gives: 
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The velocities divided by z0 can be replaced by the scaling factors: 
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The accelerations divided by z0 (i.e., the time derivatives of u and w) can also be replaced 
by the scale factors: 
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These time derivatives, when multiplied by any assumed value of z0, are the accelerations 
in the X and Z directions if the imaged object was, in fact at the assumed Z-coordinate z0 
in the 3-dimensional coordinate system. 
 
To simplify, the ratio of the horizontal image coordinates to focal length can also be 
replaced with: 
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From Equation A1, r0 = x0/z0, so the unknown value of x0 /z0 in Equation A4 can be 
replaced with r0. 
 
Using these simplified terms, Equation A4 can be rewritten as: 
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Putting the two terms without unknowns on the left side of the equal sign and all terms 
with unknowns on the right gives: 
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Equation A5 is a linear equation with four unknowns: the scaling factors ,,, 0 wuu && and w0 

and five known terms that can be computed from measurements on the video frames. The 
values for the scaling factors can therefore be computed by solving a set of four such 
equations using the pixel coordinates of the object at five different times. 
 
The known coefficients computed from the measured pixel positions of the object at 
times t0 and tn, are:  

22

2

,4,3

2

,2,10,0
nn

nnnn
n

nnnnn

tr
KtrK

t
KtKrrK

!
"#!"#

!
#!#"#  

 
Equation A5 then becomes: 
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As previously noted, four such equations are necessary to solve for the four unknown 
scale factors. Deriving individual equations for this many unknowns is messy, so I used a 
Gauss-Jordan linear equation solver program to do the work.  
 
A set of four equations of the same form as Equation A6 can be created and then solved 
for the Y-coordinate velocity scaling factor, v0, and the acceleration scaling factor,v& , 
from which the velocity 0y& and acceleration, y&&, can be computed given a value of z0.  
 
The X, Y, and Z components of velocity and acceleration can all be computed for any 
assumed value of z0.  
 
The five points should be spaced as far apart from each other as possible to minimize the 
measurement error.  
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