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Abstract

A current problem in medical tomography systems is motion artifacts.  These are errors introduced into an image as a result of motion in the object during imaging.  Various methods have been implemented to try and remove or reduce such artifacts.  This research focuses on improving a previously developed method [3], whereby only data already present in the image is used to identify and remove motion errors.  The original “opposite ray algorithm” [3] used a first order Taylor series expansion around a particular projection ray to estimate its exact opposite.  Then the opposite ray was used in conjunction with the original ray to isolate and identify motion error.  Using that method with a first order Taylor series expansion produced good results for removing translation motion artifacts. However less success was found in removing rotational or deformational motions.  This research explores the use of a second order Taylor series expansion about a particular projection ray to determine the opposite ray and the effect this has on identifying translation, rotation and deformation motions.


By comparing results found in cases involving translation motion to those involving deformation or rotation motion we were able to gauge how well the algorithm is at identifying such motions.  Although, we show that the second order Taylor series expansion introduces additional unwanted spatial error into the image making it hard to isolate motion error we also show that the opposite ray algorithm detects a strong motion signal for all three types of motion.  Results presented here show that the “opposite ray” algorithm can be used effectively to identify motion error from deformation or rotation motion on par with that of translation motion.  

Index Terms – Biomedical signal processing, CT, motion artifacts, tomography

1 Introduction

Current standard X-ray computed tomography (CT) systems construct an image of the cross section of an object by evaluating projections through the object computed at various different positions.  Typically the process of collecting these projections is sequential and takes place during a predefined period of time.  Therefore the precision of current medical X-ray computed tomography (CT) systems is dependent on the object that is being imaged to remain stationary during the time required to collect the projections.  Of course this is not always the case as the objects are usually living beings and therefore have trouble remaining perfectly still.  Some movements like respiration, heart palpitations and shaking can be out of the patient’s control and may distort or compromise the accuracy of the X-ray results.  The accuracy of X-ray results are especially important when dealing with images, which require high resolution, like skull base and temporal bone images.  Inaccurate images may result in misdiagnosis and the prospect of such occurrences has fuelled much research and time spent developing methods to deal with this problem.

In a method developed by N.C. Linney and P.H. Gregson [3] only the projection data available in the CT scan and no other data are used. They used the opposite ray algorithm (ORA) to estimate the time derivatives of the projection values and these time derivatives where then used to calculate any motion in the components of an object.  This method is of particular interest because it utilizes data that is already present in the CT scan without the aid of other data or equipment to remove any motion related errors in the image.  An effective method that does not require any extra equipment or measurements is especially useful because institutions who are currently using a CT system would not have to make an expensive hardware upgrade, but rather a software fix would be possible.  In this way such a solution might achieve wider spread use than other methods, which utilize auxiliary components.  The focus of the research presented in this paper is to build upon the previous work of Linney and Gregson [3] to develop a set of automated algorithms to allow the construction of a complete motion map using only the information contained in the CT scan data. 

A common method of collecting projection data is through the use of fan beams.  In a fan beam system multiple projection rays originating at a particular fan source in a gantry drum are sent out at different angles through the object.  The gantry then rotates around the object and projections are taken from a finite number of fan sources until enough projection data has been collected.  Typically the gantry rotates 360º and although this creates some redundant data, it is useful for calculating the time derivatives of motion in the image.  Other than in the ideal case when the center beam of the fan goes through the center of the image some fan beam systems (quarter-detector offset systems) have the center of the fan offset from the center of the image by ¼ of the angle between beams (Δγ).  In this way some of the redundancy is reduced and the effective resolution of the projection data is increased.  Some of the information presented in this paper explores alternative approaches of calculating the time derivatives than those presented by Linney and Gregson [3].  Tests were run with different methods of calculating the derivatives in order to see how well each was at identifying different types of motion.  Some examples of the types of motion that were used include rotation, translation and deformation, each with the quarter-detector offset and the ideal system. 

2 Theoretical Development

2.1 Opposite Ray

Consider a ray λ in a fan beam system. Let β be the angle between the fan source at which λ is located and the y-axis where the origin is at the center of the image. Let γ represent the angle between the center ray on a fan source and the given ray λ.  Now λ can be uniquely identified by its β and γ values as λ (β, γ).   So consider a ray λ1 at (β1, γ1), the opposite ray to λ1 is a ray that travels along the same path through an object but in the opposite direction as λ1 (See figure 2.3.1).  The formula for calculating an opposite ray λop to λ1 in a fan beam system is:
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γop = -γ1 – 2 * γoffset
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It sometimes is convenient to be able to switch between fan beam system coordinates and parallel beam system coordinates.  In a parallel beam system instead of β and γ, projection values are a function of S and θ, P (S, θ).  The following conversions can be used to convert to parallel system coordinates:



S = RD Sin (γ); where RD is the radius of the gantry



         (3)


θ = β + γ








         (4)

Projection systems in use only have a finite number of β positions where projections are computed in a given rotation of the gantry. Also each β position has only a finite number of rays projected from it so, when using formulas (1) and (2) to calculate an opposite ray it is rare to find β and γ values that correspond exactly to a ray currently in the system. Let N be the total number of β positions, then Δβ = 2π / N.  Also let n to refer to a specific β position, such that β = n * Δβ.  Similarily let M be the total number of rays incedent at a β position, and since the rays are evenly distributed at a β position we have Δγ = 2 * γmax / (M – 1 ), where γmax is the maximum amplitude of any γ value.  Also m refers to the position of a ray at a β position such that m = (γ / Δγ) + M/2.   

Remembering that an opposite ray Rop (βop, γop) is rarely found in the system, it is approximated by using estimates from the projection rays that surround it.  In the paper by Linney and Gregson [3] in order to estimate an opposite ray they select two rays, which cross the original ray and two rays, which are parallel to it.  The first crossing ray, call it R4, is selected by truncating the m value of Rop to an interger and taking the ceiling of the n value, while the second crossing ray, call it R2, has the same m value as R4 but its n value is floor of that of Rop. The parallel rays are refered to as R3 and R5, such that R3 has an n value equal to R2, and R5 has an n value equal to R4.   Then equation (4), θ = β + γ, is used to select m values such that R3 and R5 have equal θ values to Rop.  After getting these four estimates for the projection value one thing that was addressed was how to effectively use them to get a final estimate for the projection value of Rop.  Throughout this paper the same names will be used to identify frequently mentioned rays:


Initially bilinear interpolation [2] was attempted using a square grid of points surrounding Rop (See figure 2.3.2).  However this set up required an extra point, R5​´, outside of the four that had already been estimated. Therefore in order to use this type of interpolation a value for the projection value at R5´ had to first be extrapolated using linear extrapolation with R5 and R4.  This extrapolation provided mixed results, especially at the edge of an object.  As an example of a scenario where results from this interpolation were poor, consider a case where R5 goes through a dense portion of the image while R4 misses that same portion.  Then when R5´ is extrapolated it has a negative estimated projection value and clearly this is out of place.  Upon interpolation with this poor value the final estimate is also poor.  Thus instead of using this method a variation on it was developed, where no intermediate values would have to be extrapolated.  First since R3 and R5 are parallel it is possible to move in the S direction along a line of constant θ between them. If the slope of this line is estimated using R3 and R5, the partial derivative of the projection value with respect to S centered at our opposite ray has in fact been estimated.  Now a point X with equal m-value to R2 and R4, but an n value such that it is parallel to Rop is interpolated from the estimates of R2 and R4.  Then using the partial derivative of the projection value with respect to S calculated previously, an estimate for the value of Rop can be obtained by moving from X along a line of constant θ to Rop. See figure 2.3.2.  This method was found to be more effective than the initial bilinear interpolation that was attempted. 


One other interpolation method that was experimented with utilized only two of the four estimates mentioned above.  Only R2 and R4 were used to estimate the value of Rop. A projection value at the point with an equal m value as R2 and R4, but an n value equal to that of Rop was interpolated from R2 and R4.  Then this point was used as an estimate for Rop. This method was found to be quite accurate and results of research using each of the last two interpolation methods mentioned will be presented.

2.2 Estimating Time Derivatives 

In each of the above interpolation methods estimates for the opposite ray from other points are used to interpolate a value for Rop.  The bulk of this research was centered on how to formulate a better estimate for Rop at a given point. In the fan beam system projection values are a function of β, γ and time t, R (β, γ, t) and R(β, γ, t) is a continuous function.  Then a Taylor series expansion about a given point can be used to estimate the value for Rop.  In the work of Linney and Gregson a first order Taylor series expansion was used to estimate the value for Rop.  By comparing such an approach with one that uses a second order Taylor series expansion to get the estimates it can be identified whether the addition of second order terms to the expansion improve the results of motion detection. In particular, cases involving rotation and deformation, which have been identified as being hard to detect motion using only the first order terms [3], have been tested.


In the case of getting an estimate from a crossing ray say R2, a second order Taylor series expansion about R2 would be:


        (5)

Now consider the expansion using a parallel ray, R3.  Estimates from parallel rays however are calculated slightly differently than with the crossing rays.  Since parallel rays are constant in θ, it is advantageous to consider them in terms of a parallel beam system with S and θ rather than a fan beam system with β and γ.  Then a Taylor series expansion only has the S and time terms because any term with (θp – θR3) is zero.  Of course this is in a continuous system where it is always possible to find rays that are parallel to one another.  However in a discrete system, rays that are computed to be parallel may not actually be parallel but are the closest to parallel rays available.  Because of this, instead of leaving out the θ terms they are computed.  Thus a second order Taylor series expansion around R3 is:

         (6)


An estimate at R4 can be computed similar to the estimate at R2 and likewise R5 similar to R3. Once the 4 estimates have been obtained and interpolated upon, as previously mentioned, to form an estimate for Rop, this value can then be used to formulate an estimate for the motion error in the image.  Consider a Taylor series expansion of Rop (βop, γop, top) about the point R1 (β1, γ1, t1) under consideration:


       (7)

Examining the terms presented in equation (7) the first two partial derivative terms, (βop, - β1) ∂R/∂β  + (γop – γ1) ∂R/∂γ, represent changes with respect to space.  Likewise the terms, (βop, - β1)2 ∂2R / ∂β2, (γop – γ1)2 ∂2R / ∂γ2 and (βop, - β1) (γop – γ1) ∂​​​2R /  (∂β ∂γ ), represent only changes with respect to space.  Since Rop and R1 are opposite rays and therefore trace the same path through the image, any terms representing changes with respect to space go to zero in the Taylor series expansion.  Then consider the terms, where the derivative of the projection value is taken with respect to time and with respect to one of the spatial terms, β or γ.  A partial derivative can be evaluated in any order so first evaluate the spatial derivative of these terms.  This will produce a constant, zero, and then evaluating the partial derivative with respect to time of the constant, it remains zero.  After removing these terms that go to zero when evaluating the derivatives the equation looks like this:
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Then rearranging the terms, an estimate for the motion error is found to be the difference between an incident ray and its opposite:










 (9)

2.3 Figures


Figure 2.3.1 Opposite Ray in Quarter Detector Fan Beam System




((βop, γop) is a ray opposite to (β, γ) in a QD fan beam system) 




It can be seen that γop = -γ1 – 2 * γoffset


Figure 2.3.2  Interpolation on four points


3 Estimating Derivatives

3.1 Estimates for Crossing Rays

The second order Taylor series expansion around the crossing ray R2 is shown in equation (5).  Here the process of evaluating this equation is discussed. Firstly ∂R/∂β is evaluated by taking a forward derivative approximation [6] with projection values at (β2, γ2) and (β2 + Δβ, γ2). 

  

Similarly ∂R/∂γ is evaluated by taking another forward derivative approximation, this time using projection values at (β2, γ2) and (β2, γ2 + Δγ).  Noticing that  (tp ​– t3) ∂R/∂t ≈ (βp – β3) ∂R/∂β [3] this time term can be substituted for.  

The first of the second order terms, ∂2R/(∂β ∂γ), is estimated by first calculating a forward derivative approximation using (β2, γ2) and (β2, γ2 + Δγ), call this approximation A1.  Then a forward derivative approximation using (β2 + Δβ, γ2) and (β2 + Δβ, γ2 + Δγ) is calculated, call this A2. Now to get the result, compute (A2 – A1) / Δβ, the forward derivative in the β direction of forward derivatives in the γ direction.  To estimate (γp – γR2) (tp – tR2) ∂​​​2R / (∂γ ∂t) once again make a substitution for the time terms using β terms.  Then it will be (γp – γR2)(βp – βR2) ∂2R/(∂β ∂γ), which has previously been estimated.  Looking at (βp, - βR2) (tp – tR2) ∂​​​2R / ∂β∂t, again β is substituted for t leaving ((βp, - βR2)2/2) ∂2R / ∂β2 to be solved.  This is estimated for by using the second (forward) difference approximation [6] with the beta stops before and after β2 shown below. 

  

Repeat the above approximation for the original ∂2R / ∂β2 term. ∂2R / ∂γ 2 is approximated in a similar manner using, a second (forward) difference approximation with gamma positions before and after γ2.  The final term, ((tp – tR2)2/2) ∂2R/ ∂t2 is also approximated using ((βp – βR2)2/2) ∂2R / ∂β2.  Collecting and combining like terms this simplified equation is produced:












       (10)

3.2 Estimates for Parallel Rays

The equation for the second order Taylor series expansion around a parallel ray, R3, is seen in equation (6). How to estimate the partial derivative terms is now discussed. First some new points must be introduced (See Figures 3.4.1and 3.4.2). For clarification the incident ray will be referred to as R1.  Then R7 is defined to be the ray at β7 = β1 + Δβ, with γ7 value such that θ7 = θ1. Also ray R6 is defined to be the ray at β6 = β1 - Δβ, with γ6 value such that θ6 = θ1. 

The first term, ∂P / ∂S, is estimated using a forward derivative approximation, although this time it is not as easy as in the crossing case. The forward derivative back at the original ray, R1 will be taken. Coordinates used in a parallel beam system and data from a fan beam system are now being dealt with together. Looking at these fan beams in a parallel system setup shows (see figure 3.4.2) that a forward derivative at the original ray is similar to a centered difference on R3.  Due to the nature of the fan beam system it is not easy to move forwards and backwards along a line of constant θ, so R7 has been defined in such a way that it is one Δβ away from and parallel to R1.  Then ΔS is calculated in this case to be RD Sin (γ7) - RD Sin (γ1).  Now the forward derivative approximation can be calculated as:


∂P / ∂θ is estimated keeping in mind that S should remain constant.  Therefore θ is increased by incrementing only β3, and then from equation (4) it can be shown that the change in θ is equal to Δβ.  Thus ∂R/ ∂β can be used to estimate ∂P/ ∂θ.  In the first order time term, once again, (tp – tR3) ∂P/ ∂t, is estimated using (βp  - βR3) ∂R / ∂β.  

Next ∂​​​2P / ∂S∂θ is estimated using a similar method to that which was described in the case of the crossing rays for calculating the ∂2R/(∂β ∂γ) term.  First the forward derivative for ∂P / ∂S at position (β1, γ1) is estimated, as was done above. Call this estimate A1.  Second ∂P / ∂S at (β7, γ7) is estimated similarly to above, call this estimate A2.  Again the change in θ is equal to Δβ, so (A2 – A1) / Δβ, the difference of changes in S divided by the change in θ, is used as an estimate for ∂​​​2P / ∂S∂θ. To remove the time term in  (tp – tR3) ∂​​​2P / (∂S ∂t) a substitution is done and  (Sp, - SR3) (βp – βR3) ∂​​​2P (∂S ∂β) is obtained.  Looking closely at ∂​​​2P (∂S ∂β) it can be seen that it is the same as ∂​​​2P / ∂S∂θ, which was just mentioned above. The term (θp – θR3) (tp – tR3) ∂​​​2P / (∂θ ∂t) is also substituted with  (βp – βR3) (θp – θR3) ∂​​​2P / (∂θ ∂β), then looking at ∂​​​2P / (∂θ ∂β), to estimate this, ∂​​​2R / (∂β2) can be used and we already have solved this.  


The partial derivative ∂2P/ ∂S2, like the first order S partial derivative also uses the domain of the original ray, R1.  The calculation of this is similar to a second (forward) difference approximation [6] although since there are not uniform changes in S, the formula cannot be directly applied.  First the partial derivative of projection with respect to S is approximated at R1, as described earlier, call it A1.  Then by the same process the same partial derivative is approximated at R3, call it A2.  Now taking the difference of these two and dividing by the square of change in S values an approximation, (A2 – A1) / (RD Sin (γ3) – RD Sin (γ1)) 2, for ∂2P / ∂S2 is found.  In the same way that the first order partial derivative of projection with respect to θ was substituted for, so to is ∂2P / ∂θ2 with ∂2P / ∂β2.  Then this can be estimated for in the same way it was in the crossing ray case.  Likewise ((tp – tR3)2 / 2) ∂2P / ∂t2 can be estimated by ((βp – βR3)2 / 2) ∂2R / ∂β2 in the same manner. 

3.3 Discussion on Second Derivatives

One of the items that was addressed when calculating the second derivative terms was how to handle rays at the edges of the image.  That is, what to do when one of the projection values needed to estimate a derivative does not exist.  This problem exists at the edge γ values of each β stop and as well at the first and last β stops.  Although the gantry rotates in a circle and the β positions form a complete circle around the object being imaged, utilizing the first and last β positions together in an estimate for a derivative would produce poor results.  These rays are close enough in space to be used together in an estimate however they are too far apart in time to produce accurate results.  Therefore it was determined that at the edges of the image all derivatives would be taken back towards the center of the image.  As an example instead of using a forward derivative approximation where non-existent or unreasonable rays would be needed a backward derivative approximation would be used to produce better results. 


Other than a one-sided derivative approximation, either forward or backward, a centered difference approximation [6] was also considered when calculating the first order partial derivative terms in the Taylor series.  A centered difference approximation utilizes points on either side of the current ray to formulate a derivative approximation centered at the current ray.  The problem with this method is that the projection values among adjacent rays do not form a linear relationship.  Then because a centered difference does not actually use the projection value at the current ray, the estimate can be skewed to give a poorer value than a one sided estimate.  In fact a one sided estimate was found to be more accurate in estimating the first order derivative terms than a centered one.  

3.4 Figures


Figure 3.4.1



   Rays R6 and R7 Parallel to R1
Figure 3.4.2 



Fan Beam System’s rays shown in a Parallel Beam System’s domain

4 Software and Experiments


For testing purposes a computer simulator modeled after an X-ray CT medical tomography system was built.  This simulator was modeled after a fan beam projection system and was built in such a fashion that it would be able to mimic the characteristics of both the tomography system and the object being imaged.  Controlled motion could be introduced into the projections being taken so that a wide variety of cases could be tested.  Tests were run involving both quarter detector fan beam systems and ideal fan beam systems.  The parameters that were left unchanged in each case were: 

· Number of projections: 720

· Number of sensors on each projection: 512

· Fan-beam angle: 30º

· Period of gantry rotation: 1s

· Radius of the gantry: 54.018978 cm

All tests used the Shepp-Logan phantom [4], although some cases do not use the entire Shepp-Logan phantom but only the eight interior ellipses of it.  The Shepp-Logan phantom provides a challenging model in image processing due in part to the high-density skull as part of the exterior.  This high-density portion was removed from some cases so that added motion would show up more clearly on the interior ellipses.  However results are presented for cases both with and without the exterior skull portion of the phantom.  


For each of the following cases, each was run with and without quarter detector offset implemented and each was run with and without the exterior skull of the Shepp-Logan phantom.  The cases are:

· No motion 

· Translation  

· Tests using sinusoidal motion along the x-axis with period 0.8s, cases were run with amplitude equal to 0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 7.5, and 10 (mm)

· Tests using translation in one direction, cases with amplitude equal to 2.5, 5.0, 7.5, and 10 (mm)

· Rotation

· Cases using sinusoidal motion with period 0.8:

· amplitude equal to 2º, 4º, 6º, 8º, 11.25º, 22.50º, 33.75º, 45º

· Cases using sinusoidal motion with period 1 s:

· amplitude 11.25º, 22.50º, 33.75º, 45º

· Cases using rotation in one direction 

· amplitude  equal to 2º, 4º, 6º, 8º,

· Deformation

· Cases using sinusoidal motion in the major axis only with period 0.8s

· amplitude equal to 2.5mm, 5mm, 7.5mm, 10mm

·   Cases using expanding deformation only motion in major axis

· amplitude equal to 2.5mm, 5mm, 7.5mm, 10mm

· Cases using sinusoidal motion in both axis with period 0.8s

· amplitude equal to 2.5mm, 5mm, 7.5mm, 10mm

5. Results

5.1 Evaluation Scheme

As a means of measuring the ability of each method to identify motion error, a total error (Terr) value was calculated.   This total error value was calculated by summing the absolute values of the numbers obtained by applying equation (9), the difference between the projection values of a particular ray and its opposite, to each of the rays in the system. 









(11)

 Terr however contains two pieces of information, spatial error (Serr) and motion error (Merr), such that Terr = Merr + Serr.  Spatial error (Serr) is the error introduced when estimating the projection value of an opposite ray, while the motion in the image creates motion error (Merr). In a stationary case where the object has no motion, Merr = 0 and therefore Terr = Serr + 0.  Suppose a stationary case involving no motion is run, and Terr0 is obtained.  Since there is no motion in this case Terr0 = Serr0, and Serr0 is the same for any case involving the same image and parameters.  Now Merr can be obtained for a case involving motion by subtracting Serr0 from Terr for that case.  The amplitudes of Terr and Merr are indicators of the amount of motion present in the image and can be used to access the amount of motion error different methods of estimating Rop detect.  

It is difficult to get a measure of the accuracy of the amount of motion that is being detected unless the image can be rebuilt from the projection values after subtracting away the motion error and then comparing it to the same image rebuilt from a stationary case.  However, since this research did not investigate methods for integrating the time derivatives calculated in equation (9), there was no means of reconstructing the images after removing the motion error.  So then comparing the rebuilt motion image to the stationary image as a means of assessing the accuracy of the algorithm was not possible.  Therefore to get a gauge for how much motion error should be detected in a particular motion case, projection values containing the motion errors were rebuilt and the resulting image was compared to the stationary rebuilt image and a total image difference (IMdiff) was computed as the sum of the absolute values of the difference between pixel values in each image.  













     (12)

This total image difference was then used, as a measure of what the amplitudes of Terr and Merr should be.  Each method of detecting motion error was evaluated on, in order of importance:

1. Amplitude of Serr: methods producing small Serr are better than those producing large ones

2. Terr / Merr, methods with this ratio approaching 1.0 are best

3. Amplitude of Terr, large Terr indicate more motion error is detected

4. Relationship between IMdiff and Terr
The amplitude of Merr is not considered because that value is not available in a real system.  It is evaluated by subtracting a stationary case away from a motion case and stationary cases are not always, if ever, available.

5.2 Filtering Estimations at the Edges

The majority of the spatial error that was detected was due to the large increase in density at the edge of the dense outer skull.  The methods used to estimate Rop utilize various surrounding rays and at the edge of an object, some of these rays may pass through it while others do not.  An area that has large non-linear changes over a short distance, like those seen at the edge of the outer skull, will produce poor estimations for the derivatives calculated around it.  After these values are used to estimate Rop unwanted spatial error is introduced.  A median filter was used as a means of removing some of the irregularities in the total error, caused by this spatial error.  The time derivatives (equation 9) from each ray were stored in sequence in a file and then a median filter was applied to smooth out any irregular values and this was found to reduce the spatial error.  Another way of reducing spatial error is zeroing edge values.  In the research of Linney and Gregson [3] if one of R2, R3, R4, or R5 does not pass through the object, i.e. has a projection value zero, the value of Rop is then set to zero.  This approach does an excellent job of reducing Serr, however it also reduces the motion details, which are important to have at the edge of the object.  This research experimented with zeroing the edge points and determined that although it produced much less spatial error it was not necessary to evaluate the effectiveness of each method.  Rather than zeroing the edge points tests were run with and without the outer skull and results of each are presented.

5.3 Discussion of Results

5.3.1 Outer Skull vs. No Outer Skull

Tests were run with and without the outer skull for a few reasons:

1. To assess how much spatial error the outer skull introduces

2. To see if it effects the amount of motion error that can be detected

3. To determine the ratio Merr / Terr for each case.

Table 5.4.1 shows error values for, Test 1 and Test 8, which are both tests involving translation motion with cases ranging from 0 to 10 millimeters of translation.  Test 1 includes the outer skull and Test 8 does not.  From this it can be seen that without the outer skull there is very little spatial error (0.2), but with it there is nearly fifty times more spatial error (9.66).  It is still interesting to see that roughly the same amount of motion error is detected in each case.  However since the spatial error is so high in the case with the outer skull, it dominates the total error and the motion error is hard to pick out.  The ratio Merr / Terr in each case increases as the amount of motion increases, as expected.  In Test 1 this ratio starts at a minimal 6.6% for translation with amplitude 2.5mm and works up to 23% for translation with amplitude 10mm.  Test 8 performs significantly better since in a translation case with amplitude 2.5mm, Merr / Terr = 78% and for 10mm amplitude, Terr / Merr = 93.6%.  As can be seen the tests involving no outer skull produced results that were effective in isolating motion error.  However when the outer skull is present the amount of spatial error introduced makes it difficult to determine, which errors are attributable to motion. 

5.3.2 Rotation, Deformation and Translation

Translation motion as previously documented [3] has been relatively easy to detect using methods similar to what has been used here, whereas other motions such as rotation and deformation have been denoted as harder to detect.  Since it is know that translation motion is being detected, it would be nice to compare Terr for translation to that of the other motions, rotation and deformation.  Each of the motions however is different and finding motion parameters, rotation or deformation, such that they are equivalent to translation motion parameters is difficult.  This is where IMdiff is used to gauge the impact of different motions and parameters on an image.  By selecting cases that have similar IMdiff values one has essentially selected cases that have a similar amount of motion no matter the type.  In this way the amount of motion detected the three different types of motion can be compared against each other.  Table 5.4.2 shows Tests 1, 4 and 6, having translation, rotation and deformation respectively. 

First in comparing Test 1 and Test 4, it can be seen that each has a similar IMdiff value and therefore each test involves a similar amount of motion.  Then the amount of motion error detected in each can be compared.  Similar amounts of total error and motion error are detected in each test.  This indicates that using this method of detection, translation and rotation are detected approximately evenly.  But since it has been shown that translation motion [3] is effectively detected using this approach, this also indicates the same for rotation.  Such earlier tests showing translation was effectively detected compared a rebuilt image after the motion had been removed to that of the original image and this produced poor results for tests involving rotation.  Now results seen here suggest that the problem with rotation cases does not lie in detecting rotational motion, but rather in subtracting the motion error from the projection values and then rebuilding the image.  Rotational motion may need a different approach to integrating the time derivatives, so that they can be removed before rebuilding the image because it seems that this is where the information must be getting lost. 

Next compare the deformation test, Test 6, with the other two Tests in Table 5.4.2.  Again IMdiff for this test is similar to that of the other two tests and extremely close to the IMdiff​ values for Test 1 in particular.  Again remembering that translation motion is effectively detected using these methods of detection [3]; the total error values for each of deformation and translation can be compared to determine if deformation is also being effectively detected.  It is interesting to see that more total error is detected with deformation than with translation.  However as with rotation, previous tests have shown that images rebuilt after removing deformational rotation are not very accurate.  Again this research suggests that the problem does not lie in detecting deformational motion but rather in the process of integrating the time derivatives so that they can be removed from the image.  

The way in which the motion error detected in the deformational motion test is calculated is not exactly accurate.  In each of rotation and translation motion cases the circumference of the ellipse that is in motion does not change, but with deformation it does.  As has been previously mentioned most spatial error is introduced at the edge of an object within an image and therefore since the circumference is changing with deformation the spatial error is not constant as the circumference increases and decreases.  Test 6 has a sinusoidal motion with period 0.8s and the gantry rotates at a rate of 1s per rotation. Then since the period of the sinusoidal curve is less than the amount of time the gantry takes to rotate s full sinusoidal period will not be reached.  This means that the average size (and circumference) of the object in cases when such motion is used will be larger than stationary cases.  However the spatial error introduced as a result of this is minimal and Test6a involving a sinusoidal curve with period 1 second where the average size of the object in motion does not change shows that this added spatial error is very small. 

5.3.3 First and Second Derivatives vs. First Derivatives

The final aspect studied is whether adding the second derivatives into the Taylor series expansion helps to identify more motion than with the first derivatives only.  Furthermore Tests are examined involving the different types of motion to see the second derivatives detect more motion error in certain tests.  Figure 5.4.5 shows a graph of the amount of total motion error detected in different cases for translation motion.  The different cases shown are:

1. First derivatives involving only crossing rays 

2. First and second derivatives involving only crossing rays

3. First derivatives involving both crossing rays and parallel rays

4. First and second derivatives involving both crossing rays and parallel rays

The graph shows that in each case as the amount of motion introduced into the image increases so too does the amount of total error detected.  The slope of the lines in this figure indicates the amount of motion error that is being detected for different amounts of translation.  A steeper slope indicates that more motion error is being detected as more motion is introduced, while a flatter slope indicates the opposite.  In this figure each of the lines are roughly parallel, and so each has roughly the same slope.  Then each of the cases identifies translation at the same rate and in fact Figure 5.4.6 and Figure 5.4.7, which have rotational and deformational motions respectively have the same property.  

Thus the second derivatives do not increase the amount of motion that is being detected with any of the motion types.  In fact the second derivatives increase spatial error in an image.  In each of the figures 5.4.5, 5.4.6, and 5.4.7 the lines representing methods that use the second derivatives show that more total error has been detected then the corresponding method with only first derivatives.  The left most point on each of the lines is the total error detected when no motion is present. Each line representing a method involving second derivatives has a higher total error value when no motion is present than its first derivative counterpart.  In a stationary case all the total error detected is actually spatial error, so the second derivatives introduce additional unwanted spatial error into the image.  As discussed in section 5.3.1 spatial error can dominate the total error value and mask the motion error making it hard to determine where actual motion has been detected.  

This same property of the second derivatives not increasing the amount of motion being detected and increasing the amount of total error is also found in cases not involving quarter detector offset.  Tests 18 and 4 are compared in Table 5.4.3.  Test 18 has the same motion parameters as Test 4 although in 18 quarter detector offset is not implemented as it is in Test 4.  From this it is seen that substantially less spatial error is detected in Test 18 and yet that same amount of motion error is detected in each.  Even thought the amount of spatial error is reduced without the quarter detector offset the second derivatives  still add a substantial amount of spatial error relative to the amount detected by first derivatives only.

Seeing that the second derivatives do not help detect more motion is not entirely surprising given the results found in section 5.3.2.  Section 5.3.2 produces results that indicate a strong signal can be detected no matter the type of motion.  Previously it was believed that this method of motion detection with only first derivatives identified a strong signal for translation and not the other two types of motion.  Therefore the initial objective behind utilizing the second derivatives to help detect motion was so objects displaying rotational or deformational motion could also accurately be imaged.  However since the problem lies not in detecting the motion it only follows that the first derivatives are already doing a good job and there is not much room for improvement from the second derivatives.  

5.4 Figures and Tables

In each of the following figures and tables:

QD indicates quarter detector offset has been implemented.

Crossing indicates only crossing rays were used for interpolation.

Both indicates both crossing and parallel rays were used for interpolation.

1st Der indicates only first derivative approximations were used.

2nd Der indicates both first and second derivatives were used.

IM Diff refers to the total image difference (IMdiff​) as previously defined.

Table 5.4.1 

Test cases presented involve second derivatives and both parallel and crossing rays

Test 1 = Translation sinusoidal motion with amplitude 10mm and period 0.8s with outer skull

Test 8 = same as Test 1 except no outer skull

	Test 1
	 
	 
	 
	Test 8
	 
	 
	 

	Total Error
	Spatial Error
	Motion Error
	IM Diff
	Total Error
	Spatial Error
	Motion Error
	IM Diff

	9.6631
	9.6631
	0
	0
	0.20128
	0.20128
	0
	0

	10.3535
	9.6631
	0.6904
	10.5794
	0.917753
	0.20128
	0.716473
	10.5796

	11.1185
	9.6631
	1.4554
	19.7945
	1.67719
	0.20128
	1.47591
	19.7946

	11.8655
	9.6631
	2.2024
	28.5306
	2.41594
	0.20128
	2.21466
	28.531

	12.5791
	9.6631
	2.916
	36.9562
	3.12283
	0.20128
	2.92155
	36.9562


Table 5.4.2

Each Test has Quarter Detector Offset implemented and the outer skull present 

Tests cases presented involve second derivatives and both parallel and crossing rays

Test 1 = Translation sinusoidal motion with amplitude 0-10mm and period 0.8s with outer skull

Test 4 = Rotation sinusoidal motion with amplitude 0-45 degrees and period 0.8s

Test 6 = Deformation sinusoidal motion in major axis with amplitude 0-10mm and period 0.8s
	Test 1
	 
	 
	Test 4
	 
	 
	Test 6
	 
	 

	Total Error
	Motion Error
	IMdiff
	Total Error
	Motion Error
	IMdiff
	Total Error
	Motion Error
	IMdiff

	9.6631
	0
	0
	9.6631
	0
	0
	9.6631
	0
	0

	10.3535
	0.6904
	10.5794
	10.5275
	0.8644
	12.4679
	11.099
	1.4359
	10.0376

	11.1185
	1.4554
	19.7945
	11.4007
	1.7376
	22.4196
	12.6397
	2.9766
	19.8727

	11.8655
	2.2024
	28.5306
	12.0895
	2.4264
	30.934
	14.1657
	4.5026
	29.2406

	12.5791
	2.916
	36.9562
	12.5522
	2.8891
	38.6033
	15.7359
	6.0728
	38.5512



Table 5.4.3

1 = Terr First derivatives crossing rays only


2 = Terr First and second derivatives crossing rays only


3 = Terr First derivatives both crossing and parallel rays


4 = Terr First and second derivatives both crossing and parallel rays

Test 4 = Rotation sinusoidal motion with amplitude 0-45 degrees and period 0.8s quarter detector implemented

Test 18 = same as Test 4 except no quarter detector implemented

	TEST 4
	 
	 
	 
	TEST 18
	 
	 
	 
	 

	1
	2
	3
	4
	1
	2
	3
	4
	IM Diff

	4.05457
	4.41206
	8.79731
	9.6631
	0.346505
	0.7622
	0.346505
	0.7622
	0

	4.98758
	5.34116
	9.66896
	10.5275
	1.30224
	1.70742
	1.30224
	1.70742
	12.4679

	5.86529
	6.21954
	10.5451
	11.4007
	2.18204
	2.58675
	2.18204
	2.58675
	22.4196

	6.5551
	6.91018
	11.2343
	12.0895
	2.87384
	3.27829
	2.87384
	3.27829
	30.934

	7.01799
	7.37402
	11.6972
	12.5522
	3.33828
	3.74285
	3.33828
	3.74285
	38.6033



Figure 5.4.4


Total Error detected with and without outer skull


1 = First derivatives crossing rays only


2 = First and second derivatives crossing rays only


3 = First derivatives both crossing and parallel rays


4 = First and second derivatives both crossing and parallel rays
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Figure 5.4.5

Test 1: Total motion error with translation motion Quarter Detector offset implemented (Test 1).   
[image: image3.wmf]Translation in X axis

0

2

4

6

8

10

12

14

0

2.5

5.09

7.64

10.2

Translation (mm)

Error Detected

0

10

20

30

40

50

60

70

80

QD Crossing 1st Der

QD Crossing 2nd Der

QD Both 1st Der

QD Both 2nd Der

Difference



Figure 5.4.6


 Test 4: Total motion error with rotational motion Quarter Detector offset implemented (Test 4)
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Figure 5.4.7


Test 6:Total motion error with deformational motion Quarter Detector offset implemented (Test 6)
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6 Conclusions


It was hoped that the second derivatives would improve the amount of motion being detected, but as explained in section 5.3.3 the first derivatives already do a good job.  The spatial error introduced by the second derivatives makes methods involving them unpractical.  Although, the focus of this research was not originally to determine whether deformation and rotation were detected on par with translation, it is an interesting outcome.  While looking to see if the second derivatives improve the amount of motion that is detected, it was discovered that rotational and deformational motions are detected as effectively as translation.  The results found here suggest that further research is necessary to determine if another means of integrating the time derivatives could produce more accurate images in cases involving rotation and deformation.  Certainly it could be the case that although the amplitude of motion error detected is accurate the placement of it in the image is somehow skewed.  Future research may focus on determining the location in the image of the motion error and if it is in an accurate position, also looking into alternative methods than those previously identified [3] for integrating the time derivatives.  
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		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.59392

		............................................................

		CASE 4

		Date: Thu Jul 18 09:06:50 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.34912

		............................................................

		CASE 5

		Date: Thu Jul 18 09:09:08 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.06991

		============================================================

		CASE 6 NO motion crossing 2nd der

		Date: Thu Jul 18 09:11:27 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.41206

		............................................................

		CASE 7

		Date: Thu Jul 18 09:13:43 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.1732

		............................................................

		CASE 8

		Date: Thu Jul 18 09:16:00 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.94962

		............................................................

		CASE 9

		Date: Thu Jul 18 09:18:17 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.70498

		............................................................

		CASE 10

		Date: Thu Jul 18 09:20:34 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.42596

		============================================================

		CASE 11 no motion QD crossing and Para 1st derivatives

		Date: Thu Jul 18 09:22:52 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		8.79731

		............................................................

		CASE 12

		Date: Thu Jul 18 09:25:11 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		9.49696

		............................................................

		CASE 13

		Date: Thu Jul 18 09:27:29 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.268

		............................................................

		CASE 14

		Date: Thu Jul 18 09:29:48 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.0187

		............................................................

		CASE 15

		Date: Thu Jul 18 09:32:07 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.7351

		============================================================

		CASE 16 no motion QD crossing and para 2nd der

		Date: Thu Jul 25 16:00:47 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		9.6631

		............................................................

		CASE 17

		Date: Thu Jul 25 16:02:55 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.3535

		............................................................

		CASE 18

		Date: Thu Jul 25 16:05:03 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.1185

		............................................................

		CASE 19

		Date: Thu Jul 25 16:07:11 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.8655

		............................................................

		CASE 20

		Date: Thu Jul 25 16:09:18 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		12.5791

		============================================================






_1091253268.xls
Chart1

		0		0		0		0		0

		11.25		11.25		11.25		11.25		11.25

		22.5		22.5		22.5		22.5		22.5

		33.75		33.75		33.75		33.75		33.75

		45		45		45		45		45



QD Crossing 1st Der

QD Crossing 2nd Der

QD Both 1st Der

QD Both 2nd Der

Difference

Rotation (degrees)

Error detected

Rotation (0 - 45 degrees)

4.05457

4.41206

8.79731

9.6631

0

4.98758

5.34116

9.66896

10.5275

12.4679

5.86529

6.21954

10.5451

11.4007

22.4196

6.5551

6.91018

11.2343

12.0895

30.934

7.01799

7.37402

11.6972

12.5522

38.6033



Sheet1

				QD X 1st Der		QD X 2nd Der		QD Both 1st Der		QD Both 2nd Der		Difference

		0		4.05457		4.41206		8.79731		9.6631		0

		11.25		4.98758		5.34116		9.66896		10.5275		12.4679

		22.5		5.86529		6.21954		10.5451		11.4007		22.4196

		33.75		6.5551		6.91018		11.2343		12.0895		30.934

		45		7.01799		7.37402		11.6972		12.5522		38.6033





Sheet1

		0		0		0		0		0

		11.25		11.25		11.25		11.25		11.25

		22.5		22.5		22.5		22.5		22.5

		33.75		33.75		33.75		33.75		33.75

		45		45		45		45		45



QD X 1st Der

QD X 2nd Der

QD Both 1st Der

QD Both 2nd Der

Difference

Rotation (degrees)

Error detected

Rotation (0 - 45 degrees)

4.05457

4.41206

8.79731

9.6631

0

4.98758

5.34116

9.66896

10.5275

12.4679

5.86529

6.21954

10.5451

11.4007

22.4196

6.5551

6.91018

11.2343

12.0895

30.934

7.01799

7.37402

11.6972

12.5522

38.6033



ntest04

		CASES 1-5 QD crossing 1st derivatives

		CASES 6-10 QD crossing second derivatives

		CASES 11-15 QD Both 1st derivatives

		CASES 16-20 QD Both 2nd derivatives

		CASE 1 no motion QD crossing 1st derivatives

		Date: Fri Jul 26 09:41:19 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.05457

		............................................................

		CASE 2

		Date: Fri Jul 26 09:43:24 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.196 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		4.98758

		............................................................

		CASE 3

		Date: Fri Jul 26 09:45:29 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.393 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.86529

		............................................................

		CASE 4

		Date: Fri Jul 26 09:47:34 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.589 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.5551

		............................................................

		CASE 5

		Date: Fri Jul 26 09:49:38 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.785 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.01799

		============================================================

		CASE 6 NO motion crossing 2nd der

		Date: Fri Jul 26 09:51:43 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.41206

		............................................................

		CASE 7

		Date: Fri Jul 26 09:53:48 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.196 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.34116

		............................................................

		CASE 8

		Date: Fri Jul 26 09:55:53 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.393 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.21954

		............................................................

		CASE 9

		Date: Fri Jul 26 09:58:00 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.589 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.91018

		............................................................

		CASE 10

		Date: Fri Jul 26 10:00:05 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.785 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.37402

		============================================================

		CASE 11 no motion QD crossing and Para 1st derivatives

		Date: Fri Jul 26 10:02:10 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		8.79731

		............................................................

		CASE 12

		Date: Fri Jul 26 10:04:16 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.196 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		9.66896

		............................................................

		CASE 13

		Date: Fri Jul 26 10:06:23 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.393 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.5451

		............................................................

		CASE 14

		Date: Fri Jul 26 10:08:40 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.589 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.2343

		............................................................

		CASE 15

		Date: Fri Jul 26 10:10:48 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.785 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.6972

		============================================================

		CASE 16 no motion QD crossing and para 2nd der

		Date: Fri Jul 26 10:12:55 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		9.6631

		............................................................

		CASE 17

		Date: Fri Jul 26 10:15:02 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.196 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.5275

		............................................................

		CASE 18

		Date: Fri Jul 26 10:17:11 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.393 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.4007

		............................................................

		CASE 19

		Date: Fri Jul 26 10:19:19 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.589 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		12.0895

		............................................................

		CASE 20

		Date: Fri Jul 26 10:21:26 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		inc = ( 0.785 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		12.5522

		============================================================
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		TRANSLATIONAL MOTION WITH QD AND ALL 10 ELLIPSES

		CASES 1-5 QD crossing 1st derivatives

		CASES 6-10 QD crossing second derivatives

		CASES 11-15 QD Both 1st derivatives

		CASES 16-20 QD Both 2nd derivatives

		CASE 1 no motion QD crossing 1st derivatives

		Date: Thu Jul 18 08:59:58 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.05457

		............................................................

		CASE 2

		Date: Thu Jul 18 09:02:15 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		4.81721

		............................................................

		CASE 3

		Date: Thu Jul 18 09:04:33 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.59392

		............................................................

		CASE 4

		Date: Thu Jul 18 09:06:50 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.34912

		............................................................

		CASE 5

		Date: Thu Jul 18 09:09:08 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.06991

		============================================================

		CASE 6 NO motion crossing 2nd der

		Date: Thu Jul 18 09:11:27 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.41206

		............................................................

		CASE 7

		Date: Thu Jul 18 09:13:43 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.1732

		............................................................

		CASE 8

		Date: Thu Jul 18 09:16:00 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.94962

		............................................................

		CASE 9

		Date: Thu Jul 18 09:18:17 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		6.70498

		............................................................

		CASE 10

		Date: Thu Jul 18 09:20:34 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.42596

		============================================================

		CASE 11 no motion QD crossing and Para 1st derivatives

		Date: Thu Jul 18 09:22:52 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		8.79731

		............................................................

		CASE 12

		Date: Thu Jul 18 09:25:11 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		9.49696

		............................................................

		CASE 13

		Date: Thu Jul 18 09:27:29 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.268

		............................................................

		CASE 14

		Date: Thu Jul 18 09:29:48 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.0187

		............................................................

		CASE 15

		Date: Thu Jul 18 09:32:07 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.7351

		============================================================

		CASE 16 no motion QD crossing and para 2nd der

		Date: Thu Jul 25 16:00:47 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		9.6631

		............................................................

		CASE 17

		Date: Thu Jul 25 16:02:55 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.25475 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.3535

		............................................................

		CASE 18

		Date: Thu Jul 25 16:05:03 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.5095 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.1185

		............................................................

		CASE 19

		Date: Thu Jul 25 16:07:11 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 0.76425 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.8655

		............................................................

		CASE 20

		Date: Thu Jul 25 16:09:18 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		x = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		12.5791

		============================================================
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test06

		CASES 1-5 QD crossing 1st derivatives

		CASES 6-10 QD crossing second derivatives

		CASES 11-15 QD Both 1st derivatives

		CASES 16-20 QD Both 2nd derivatives

		CASE 1 no motion QD crossing 1st derivatives

		Date: Thu Jul 18 14:53:55 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.05457

		............................................................

		CASE 2

		Date: Thu Jul 18 14:56:12 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.2547 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.57355

		............................................................

		CASE 3

		Date: Thu Jul 18 14:58:28 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.5086 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.11496

		............................................................

		CASE 4

		Date: Thu Jul 18 15:00:45 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.76 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		8.64221

		............................................................

		CASE 5

		Date: Thu Jul 18 15:03:01 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.2154

		============================================================

		CASE 6 NO motion crossing 2nd der

		Date: Thu Jul 18 15:05:17 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		4.41206

		............................................................

		CASE 7

		Date: Thu Jul 18 15:07:34 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.2547 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		5.92644

		............................................................

		CASE 8

		Date: Thu Jul 18 15:09:57 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.5086 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		7.46816

		............................................................

		CASE 9

		Date: Thu Jul 18 15:12:18 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.76 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		8.99574

		............................................................

		CASE 10

		Date: Thu Jul 18 15:14:39 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.5693

		============================================================

		CASE 11 no motion QD crossing and Para 1st derivatives

		Date: Thu Jul 18 15:17:02 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		8.79731

		............................................................

		CASE 12

		Date: Thu Jul 18 15:19:28 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.2547 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		10.2459

		............................................................

		CASE 13

		Date: Thu Jul 18 15:21:53 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.5086 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.7886

		............................................................

		CASE 14

		Date: Thu Jul 18 15:24:18 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.76 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		13.316

		............................................................

		CASE 15

		Date: Thu Jul 18 15:26:43 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		14.8894

		============================================================

		CASE 16 no motion QD crossing and para 2nd der

		Date: Mon Jul 29 10:34:07 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		NSET		MSET		ERROR		-->								720		511		9.6631

		............................................................

		CASE 17

		Date: Mon Jul 29 10:36:13 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.2547 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		11.099

		............................................................

		CASE 18

		Date: Mon Jul 29 10:38:19 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.5086 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		12.6397

		............................................................

		CASE 19

		Date: Mon Jul 29 10:40:26 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 0.76 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		14.1657

		............................................................

		CASE 20

		Date: Mon Jul 29 10:42:31 2002

		Image Details :

		-------------

		Number of Ellipses: 10

		Ellipse 0		0		0		6.9		9.2		0		2

		Ellipse 1		0		-0.184		6.624		8.74		0		-0.98

		Ellipse 2		2.2		0		1.1		3.1		0.3142		-0.02

		Ellipse 3		-2.2		0		1.6		4.1		-0.3142		-0.02

		Ellipse 4		0		3.5		2.1		2.5		0		0.01

		Ellipse 5		0		1		0.46		0.46		0		0.01

		Ellipse 6		0		-1		0.46		0.46		0		0.01

		Ellipse 7		-0.8		-6.05		0.46		0.23		0		0.01

		Ellipse 8		0		-6.06		0.23		0.23		0		0.01

		Ellipse 9		0.6		-6.05		0.23		0.46		0		0.01

		IMAGE FUNCTIONS :

		--------------

		Functions Effecting Ellipse 2:

		a = ( 1.019 sin ( ( 2 * PI ) * ( T / 800 ) ) )

		NSET		MSET		ERROR		-->								720		511		15.7359

		============================================================






