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Purpose

For given head-up display (HUD) optics and symbology placement, the Cockpit Head Motion Box (CHMB) can be defined, which is a fixed volume in space in which the pilot's head must remain for all flight critical symbology to be visible in at least one eye.
  For certification purposes, the volume should be large enough to accommodate the vast majority of natural head motion that the vast majority of pilots exhibit when attempting to look through the HUD.  

It is not necessary for the volume to include head motion that results from the pilot deliberately looking away from the HUD to use other displays or objects (e.g., control display unit data entry, approach plate referencing).  However, it should not be necessary for the pilot to exercise substantial will to keep his or her head in the CHMB as this would represent additional workload and potentially physiological strain. Example sources of head motion the CHMB should accommodate include head reactions to control inputs, aircraft accelerations resulting from normal maneuvers and turbulence, and minor adjustments to head and body position for the sake of comfort.

This memo provides recommendations for the dimensions of the minimal CHMB based on a study of pilot head motion in actual flight.  These recommended dimensions should accommodate the vast majority of the targeted head motion exhibited by the vast majority of pilots.

Recommendation

Minimal CHMB

For HUD usage in any flight phase, the lateral dimension should be at least 3.5 inches centered on the cockpit design eye position (DEP), and the vertical dimension should be at least 1.9 inches centered on the DEP.  For the longitudinal dimension, the forward face (as the pilot sits) of the CHMB should be at least 2.1 inches from the DEP and the rear face should be at least 1.8 inches for a total length of 3.9 inches.  These measurements are relative to the plane of the floor of the cockpit.

Application

This recommendation is considered valid for general aviation and transport fixed wing aircraft that are manually flown in no turbulence or light turbulence.  It is assumed that pilot task characteristics and crew responsibilities are such that there is limited need for the pilot using the HUD to keep its symbology in peripheral view when the pilot looks away from it.

Supporting Study

Approach

The CHMB of a HUD should be large enough to accommodate the natural head motion a pilot exhibits.  A study was conducted to determine the range of this head motion by measuring pilot head displacements over the course of actual flight.  Measurements were made when a HUD was not used in order to determine the range of motion that must be accommodated by a HUD, not the range of motion that results from HUD usage.  

Only head motions associated with using the aircraft's primary flight reference (PFR) were included because they best represent the use of HUD.  Head motion associated with looking away from the PFR (e.g., out the window or at other displays or artifacts) were removed from analysis because for these motions, the pilot would not be able to effectively monitor the HUD irrespective of the size of the CHMB.

Measurements were taken for multiple pilots flying two aircraft, one representing general aviation and another representing transports.  Measurements were taken across the multiple phases of flight in case head motion varies with it.  Efforts were made to fly in turbulent conditions in order to capture its effect on head motion.

The CHMB should be large enough to accommodate vast majority of head motion of the vast majority of pilots.  For analysis, this is interpreted to mean that the CHMB accommodates about 90% of the head motion of about 90% of the population.  These are conventional proportions used in ergonomic design.

Method

Measurement Apparatus

Head motion was measured with an infrared motion tracker mounted on or above the glare shield of the test aircraft's forward instrument panel. It tracked an adhesive reflector about 0.5" in diameter that was affixed to the pilot's forehead.  Thirty-six times a second, the tracker sent the reflector's lateral, longitudinal, and vertical coordinates to a laptop computer for recording.  Precision of measure is on the order of 0.01 inches or less.  

The tracker was unable to track the reflector if the pilot turned his head approximately 60 degrees.  Such head turns, which were almost certainly intentional, would not be associated with monitoring the PFR.  The tracker was also found to provide erroneous data or no data if sunlight shined directly on its lenses.  Brief periods of data were therefore lost for certain headings flown at certain times of the day.

A video camera, positioned above, behind, and to the right of the pilot, recorded all flights.

Pilots

Pilots included contractor and federal employee research pilots from the Volpe National Transportation System Center and the FAA Technical Center.  These pilots participated in the study as part of their normal work, and were compensated accordingly.  Additional pilots were recruited from a local flight club.  They were not compensated beyond being given an opportunity to log time in a light twin airplane.

A total of eight pilots participated.  All pilots were male.  Reported height ranged from 5'9" to 6'0," mean 5'10" or close to average for males.  One flight for each pilot was used in the analysis. 

Aircraft and Flights

Two aircraft were used, a Piper Aztec reciprocating light twin, and a Convair CV-580 twin turboprop air transport. Flights were conducted in visual meteorological conditions with the pilots hand-flying simulated instrument flying rules for all phases of flight.  All pilots flew from the left seat with another pilot in the right seat responsible for pilot non-flying (PNF) duties and visual lookout for traffic.  Each pilot flew between one and four flights for a total of 23 flights.  From this set of 23, seven flights each featuring a different pilot were selected for analysis.  Flights that encountered the strongest turbulence and the least difficulties with the tracking apparatus were selected.  Pilots were strapped in for all flights.

Head motion measurements were taken through takeoff, climb, cruise, approach, and landing/rollout.  Statistics on the durations of each phase for the seven selected flights are given Table 1.

Table 1.  Statistics on flight phase durations.

	Statistic
	Takeoff
	Climb
	Cruise
	Approach
	Roll-out

	Mean
	0:28
	5:24
	18:21
	9:12
	0:27

	Minimum
	0:14
	1:36
	8:55
	4:02
	0:16

	Maximum
	0:37
	8:24
	34:52
	22:14
	0:53


Cruising altitudes were generally below 4000' above sea level in order to maximize the encounters with turbulence.  These low cruising altitudes eliminated the descent as a separate phase from approach.  Turbulence was successfully encountered for nearly all phases of each flight.  Table 2 shows the pilot's subjective rating of turbulence for each phase.

Table 2.  Turbulence encountered for each flight and phase.

	Flight
	Aircraft
	Climb
	Cruise
	Approach

	9
	Aztec
	Light
	None
	Light

	11
	Aztec
	Light
	Light
	Light

	12
	Aztec
	Light
	Occasionally Light
	Light

	14
	Aztec
	Light
	Light, occasionally Moderate
	Light, occasionally Moderate

	15
	Aztec
	Light, occasionally Moderate
	Light, occasionally Moderate
	Light, occasionally Moderate

	21
	CV-580
	Light to Moderate
	Light to Moderate
	Light to Moderate

	22
	CV-580
	Light, occasionally Moderate
	Light, occasionally Moderate
	Light, occasionally Moderate


Analysis

Data Exclusion

All collected head motion data were filtered to obtain as purely as possible only head motion associated with use of the PFR for each flight phase.  Range of head motion for takeoff and rollout was found to be inevitably smaller than the other phases for each flight.  Under the assumption that no HUD will be built to operate in these phases alone, these phases were not analyzed. 

As revealed by inspecting the videotapes of the flight, head motion data for the beginning of climb and after reaching the decision height on approach were associated with the pilot flying by visual references and were removed from the analysis.  For the Aztec, this constituted approximately the first two minutes of Climb and the last 1.5 minutes of Approach.  For the CV-580, this was the last one minute of Approach.

Inspection of the head motion data in conjunction with the video tapes revealed that head motion right (inboard) of the pilot's median lateral head position frequently included cases of the pilot removing attention from the PFR.  These cases included checking centrally located engine instruments and multi-function displays, manipulating the throttles, studying approach plates, and conversing with the PNF.  Such diversions of attention to the left were much more limited, generally one or two per flight phase.  The diversions of attention from the PFR were represented by pronounced head motion to the right and, frequently, forward, sometimes beyond the limit of the tracker's ability to track.  An example is illustrated in Figure 1.
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Figure 1.  Head motion data for Flight 21, cruise phase.  Units are inches from the tracker.
To remove any effects of such diversions of attention from the recommended CHMB, it was assumed that, in the absence of such diversions, pilot head motion would be symmetrical around the median lateral head position.  That is, it was assumed that when the pilot is attending to the PFR, average motion on all dimensions on the right mirrors the average motion on the left.  This assumption is supported by inspections of head motion data for arbitrarily selected periods when the pilot was clearly attending only to the PFR as indicated by the videotapes.  For these data, symmetry was found.  

Under this assumption of symmetry, analysis was confined to data on all dimensions collected to the left of the lateral median for each pilot and phase of flight.  This effectively filtered out nearly all cases of inattention to the PFR.  Note that by conducting the analysis assuming lateral symmetry in this manner, it is guaranteed that the results shall be laterally symmetrical.  However, longitudinal and vertical asymmetries are still mathematically possible and may even be expected.  The back of the pilot's seat restricts rearward longitudinal while forward motion is relatively free.  A pilot can always slouch down or lean forward, producing considerable downward motion, but she or he can only raise the head to a certain height and remain seated.

Range of Motion Determination

For each dimension and each pilot and flight phase, an upper and lower bound of head motion was determined by taking the 98th and 2nd percentile respectively of the collected head motion data, resulting in six data points for each phase and pilot.  For this particular distribution of data, the bounds on all three dimensions combined comprised approximately 90% of the head motion exhibited by each pilot.  To determine the relative head motion, the median head position for each pilot and phase was subtracted from each of these bounds.  As an example, the resulting bounds are shown in Figure 2 for one of the phases.

To test if range of head motion varies with phase of flight (Climb, Cruise, and Approach), the means of the bounds (both 2nd percentile and 98th percentile) were compared for each pair of phases.  There were no significant differences in the mean bounds between any two phases at 0.10 level.  To test if there is significant asymmetry in the longitudinal or vertical dimensions, the means of the absolute values of the 2nd percentile bounds were compared to the corresponding means of the 98th percentile bounds for each phase. Significance was approached for the longitudinal dimension in the Cruise phase (M of the differences = -0.169, t(6)= -2.085, p < .10), with an apparent tendency for skewness towards the front of the aircraft.  There were also trends in this direction for the longitudinal dimension for Climb and Approach phases.  A nonsignificant trend was also observed for the vertical dimension for the Climb phase, with the data showing a slight skewness downward.  However the difference between the means was not operationally significant, being less than 0.1 inches. 
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Figure 2.  Second and 98th percentile bounds on head motion for Cruise phase.

The generally high symmetry within dimensions and low difference across phases suggests that range head motion on each dimension is a characteristic of the pilot that is generalizable across conditions.  Consistent with this, the absolute values of all bounds were highly intercorrelated, with an average Pearson correlation coefficient of 0.452.  This implies that the bounds across phases can be averaged to obtain a single more reliable bound applicable to all phases.  As an indication of the reliability that can be achieved in this manner, Cronbach's alpha for combining all bounds for each dimension, both upper and lower for all phases, are given in Table 3.

Table 3.  Cronbach's alpha for combined bounds along dimensions.

	Dimension
	Average r
	# of Items
	Cronbach's α

	Lateral
	0.783
	3
	0.915

	Longitudinal
	0.653
	6
	0.919

	Vertical
	0.383
	6
	0.789


Head motion upper and lower bounds were each average across phases to obtain general upper and lower bounds. The tests for symmetry for longitudinal and vertical dimensions were repeated on the resulting data to see if the increase in reliability is sufficient to reveal a significant skewness.   There was no significant difference in the absolute values of the vertical upper and lower bounds (t(6)= 1.480, p > .10), and the difference was not operationally significant in any case (M of the differences = 0.036). This implies that the absolute values of the vertical bounds can be combined to yield a single more reliable vertical bound that can be applied symmetrically.  

The difference for the longitudinal, on the other hand, was now significant (M of the differences = -0.212, t(6)= -3.124, p < .05). On average, the forward bound of the range of head motion is about 0.2 inches further from the median head position than the rearward bound. 

Minimal CHMB Determination

The means and standard deviations across all pilots of the 2nd percentile and 98th percentile bounds, combined across phases, are given in Table 4.  The vertical bound is the average of the absolute values of the upper and lower bounds.  The upper and lower longitudinal bounds are averaged separately across phases given the significant asymmetry it exhibits.  The lateral dimension was assumed to be symmetrical early in the analyses, so only one value is given.

Table 4.  Statistics for combined bounds.

	
	
	Longitudinal
	

	Statistic
	Lateral
	Forward
	Rearward
	Vertical

	Means
	1.247
	1.240
	1.027
	0.589

	Standard Deviations
	0.401
	0.467
	0.367
	0.117

	Standard Errors
	0.151
	0.176
	0.139
	0.044


The means in Table 4 represent the average bounds that comprise about 90% of pilot head motion.  That is, one would expect half the pilots to exhibit head motion beyond these means.  To derive the values that comprise about 90% of the pilot head motion for about 90% of the pilots, each bound is increased by the standard deviation times the value of the t distribution that corresponds to the 95th percentile (1.943 for df = 6).  With the bounds extended out by this amount at both ends, the resulting value is statistically expected to comprise at least 90% of the population.  A normal distribution of the bounds across subjects can be assumed because the bounds are the average of a random variable from the same distribution (the bounds observed for each phase), for which the central limit theorem proves will approach a normal distribution.
  There was no apparent skewness in the bounds across pilots, with the mean and median within .05 inches of each other for all dimensions.  The resulting values are presented in Table 5.

Table 5.  Values comprising the head motion of at least 90% of the pilots.

	
	
	Longitudinal
	

	Statistic
	Lateral
	Forward
	Rearward
	Vertical

	Distance from DEP
	2.165
	2.061
	1.833
	0.929

	Total Distance
	4.330
	3.894
	1.858


The longitudinal and vertical values may be used directly to design and evaluate HUDs.  For example, the CHMB top face should be at least 0.929 inches above the DEP, while the bottom face should be at least 0.929 inches below, for a total size of 1.858 inches.  Given the standard errors observed for the underlying mean bounds (see Table 4), it is just as well to round to the nearest 0.10 inches.

The pilot's laterally separated eyes complicate the lateral values for the recommended CHMB.  Given that the CHMB is defined to be the space where flight critical symbology is visible in at least one eye, the lateral values can be reduced by the interpupillary breadth.  As pilot's head slides laterally and the first eye moves out of the CHMB, a distance equal to the interpupillary breadth must be transverse before the second eye leaves the CHMB.  The interpupillary breadth for the 5th percentile female is 2.0 inches
.  Thus, the lateral dimension of CHMB may be as low as 2.3 inches total distance and still allow the vast majority of pilots to see flight critical symbology the vast majority of the time.  

However, the interpupillary distance for the median person is 2.4 inches.  Thus adopting 2.3 for the lateral CHMB size would mean that most pilots would never look through the HUD with both eyes.  It would seem more reasonable to design HUDs such that the vast majority of pilots look through the HUD with both eyes at least half of the time. Under the assumption of lateral symmetry, the first and third quartile of our head motion data, averaged across phases and pilots, is 0.433 inches from the median.  The 95th percentile male has an interpupillary breadth of 2.7 inches
.  Thus for the vast majority of pilots to be looking at flight critical symbology with both eyes for at least half of the time, the lateral dimension of CHMB must be 2.7 + 0.4 + 0.4 or 3.5 inches.  This becomes the recommended minimal lateral dimension.

Methodological Considerations

The validity of the recommendations that resulted from this research is subject to the underlying assumptions.  One of these assumptions is built into the definition of CHMB itself: that it is adequate if pilots see flight critical information with only one eye.  Operational experience from monocular head mounted displays used in military aviation suggests that this is an acceptable assumption.  However it is also assumed to be unacceptable for most pilots always view flight critical symbology with one eye, and this assumption ultimately determined the size of the lateral dimension of the CHMB.

Flights were limited to normal maneuvers in generally light continuous turbulence.  This was necessary for practical and safety reasons.  The implied assumption is that in order to see symbology the pilot should not have to exercise will to hold the head still during common maneuvers and turbulence.  During extreme maneuvers and more intense turbulence it is assumed to be acceptable for the pilot deliberately hold his or her head still for HUD usage for the relatively short durations this is likely to be necessary.  The pilot's ability to hold the head inside the minimal CHMB recommended here under such conditions remains untested.

In order to filter out cases of the pilot diverting attention from the PFR, symmetrical lateral motion was assumed.  The data appear consistent with this assumption, but a true test of it is not possible without a measure of pilot attention separate from head motion itself.  The videotapes have proven inadequate for this.  

The use of upper and lower bounds relative to each pilot's median implies the assumption that the pilot is responsible for positioning him/herself properly with respect to the DEP.  This is a working assumption in the design of any flight display, but given the relative small size of practical CHMBs, it is a particularly important one for HUDs.  It is not known if all pilots are willing or able to position themselves at the DEP, or whether forcing all to do so compromises their skills (e.g., disrupting judgments of when to flair).  

As an indication of how actual seating position varies among pilots, median head positions for the Cruise phase are given in Table 6.  Variations up to an inch are common.  The seat adjustments on the Aztec are limited and there are no rudder pedal adjustments, so these data are not generalizable to air transports.  On the other hand, the build of the pilots in this study was relatively homogenous compared to the population, with a standard deviation of pilot stature being 1.2 inches, when the standard deviation for males in the general population is more like 2.6 inches
.  Thus actual variation in median head position is possibly greater than observed here.

Table 6.  Median head positions for Cruise phase.  Units are inches from the tracker.  The tracker position in the Aztec was substantially different than the CV-580 so data are not comparable across aircraft.

	Flight
	Aircraft
	Lateral
	Longitudinal
	Vertical

	9
	Aztec
	-1.70
	20.84
	3.91

	11
	Aztec
	   0.19
	22.19
	4.07

	12
	Aztec
	  -1.09
	21.86
	4.98

	14
	Aztec
	   0.08
	23.20
	5.78

	15
	Aztec
	   0.41
	23.20
	5.79

	21
	CV-580
	-15.31
	16.51
	0.99

	22
	CV-580
	-14.85
	16.49
	0.49


The recommendations were derived from a study of only seven pilots.  As indicated by Figure 1, however, this study found that there is substantial variation across pilots in head motion.  This results in a fairly large standard error for the mean bounds, as shown in Table 4.  The actual bounds for the population may easily be over a tenth of an inch greater or less than the bounds used for the recommendations here.  About 15 more pilots would have to be flown to reduce all standard errors below 0.1 inches, which was impractical for this study.  These recommendations use the sample mean bounds, as opposed to an upper or lower confidence interval.  In using the means, the recommendations represent a "best guess" of the proper minimal CHMB, being neither conservative nor liberal.

Concern may be raised regarding the use of multiple individual tests for the effects of phase and asymmetry rather than a combined test such as a repeated measures analysis of variance.  Use of multiple tests elevates family-wise error rates, effectively increasing Type I errors.  However, unlike more theoretical research, the costs a Type I error in this application are comparable to the costs of a Type II error.  Given the small sample size, it was judged acceptable to maximize power and accept the higher family-wise error rate.
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CHMB
Cockpit Head Motion Box

DEP
Design Eye Position

FAA
Federal Aviation Administration
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Head-up Display
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		15		6398		128		-2.00		18.38		4.23		3199		-0.65		19.54		4.95		6270		0.71		20.60		5.61		35920		718		-0.90		21.13		5.27		17960		0.41		23.20		5.79		35202		1.72		25.01		6.42		3616		72		-1.87		16.72		3.75		1808		-0.77		19.15		4.58		3544		0.32		20.20		5.19		-1.018		-1.083		-1.089		0.372		1.490		0.317		0.726

		21		1717		34		-16.57		15.07		0.53		859		-14.73		16.21		0.99		1683		-12.89		17.31		1.55		12717		254		-17.36		15.60		0.46		6359		-15.31		16.51		0.99		12463		-13.25		17.50		1.49		8727		175		-16.27		15.65		0.45		4364		-14.84		16.73		0.99		8552		-13.41		17.63		1.45		-15.484		-16.020		-15.289		0.752		0.711		0.446		0.636

		22		2838		57		-15.45		14.58		0.07		1419		-14.36		15.82		0.63		2781		-13.28		17.17		1.44		18056		361		-15.93		14.79		-0.31		9028		-14.85		16.49		0.49		17695		-13.77		17.65		1.20		3341		67		-15.35		15.49		0.08		1671		-14.59		16.39		0.46		3274		-13.83		17.12		1.10		-14.752		-15.145		-14.850		0.389		0.297		0.265		0.317

																																																																																														0.456





Relative

		t(1t95)		1.943

				CLB												CRZ												APP

				2.000						98.000						2.000						98.000						2.000						98.000

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		-0.532		-0.566		-0.456		0.532		0.524		0.447		-0.485		-0.336		-0.265		0.485		0.321		0.330		-0.604		-0.522		-0.298		0.604		0.325		0.356

		11		-1.646		-0.932		-0.432		1.646		0.670		0.639		-1.429		-1.013		-0.573		1.429		0.805		0.817		-1.265		-1.043		-0.682		1.265		0.726		0.497

		12		-1.260		-1.922		-0.724		1.260		1.327		0.684		-1.214		-1.000		-0.862		1.214		1.007		0.403		-1.201		-1.012		-0.507		1.201		1.312		1.001

		14		-1.400		-1.438		-0.523		1.400		1.377		0.656		-1.304		-2.065		-0.507		1.304		1.815		0.623		-1.842		-1.557		-0.809		1.842		1.224		0.709

		15		-1.352		-1.159		-0.717		1.352		1.056		0.660		-1.309		-2.070		-0.521		1.309		1.813		0.630		-1.094		-2.427		-0.835		1.094		1.052		0.607

		21		-1.839		-1.136		-0.462		1.839		1.098		0.565		-2.055		-0.909		-0.529		2.055		0.993		0.508		-1.430		-1.081		-0.541		1.430		0.895		0.457

		22		-1.087		-1.247		-0.555		1.087		1.344		0.813		-1.079		-1.700		-0.801		1.079		1.153		0.703		-0.760		-0.896		-0.382		0.760		0.737		0.641

		Mean		-1.302		-1.200		-0.553		1.302		1.057		0.638		-1.268		-1.299		-0.580		1.268		1.130		0.573		-1.171		-1.220		-0.579		1.171		0.896		0.610

		s		0.420		0.420		0.122		0.420		0.340		0.112		0.465		0.657		0.200		0.465		0.537		0.170		0.413		0.613		0.206		0.413		0.338		0.210

		Centerhead		-2.401		-2.563		-0.868		2.401		1.888		0.882		-2.229		-2.051		-1.160		2.229		1.815		1.084		-1.879		-1.788		-0.953		1.879		1.860		1.269

		Range		4.803		4.451		1.750								4.458		3.866		2.244								3.758		3.648		2.221

		Corr		-1.000		-0.844		-0.443								-1.000		-0.955		-0.254								-1.000		-0.557		-0.206

		90% 1 eye		-1.401						1.401

				2.803

		50% 2 eye		-1.302

				-0.302





Graphs

		

				CLB						CRZ						APP

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		-0.532		-0.566		-0.456		-0.485		-0.336		-0.265		-0.604		-0.522		-0.298				CLB																																						CRZ																																						APP

				0.532		0.524		-0.456		0.485		0.321		-0.265		0.604		0.325		-0.298

				0.532		0.524		0.447		0.485		0.321		0.330		0.604		0.325		0.356

				-0.532		-0.566		0.447		-0.485		-0.336		0.330		-0.604		-0.522		0.356

				-0.532		-0.566		-0.456		-0.485		-0.336		-0.265		-0.604		-0.522		-0.298

		11		-1.646		-0.932		-0.432		-1.429		-1.013		-0.573		-1.265		-1.043		-0.682

				1.646		0.670		-0.432		1.429		0.805		-0.573		1.265		0.726		-0.682

				1.646		0.670		0.639		1.429		0.805		0.817		1.265		0.726		0.497

				-1.646		-0.932		0.639		-1.429		-1.013		0.817		-1.265		-1.043		0.497

				-1.646		-0.932		-0.432		-1.429		-1.013		-0.573		-1.265		-1.043		-0.682

		12		-1.260		-1.922		-0.724		-1.214		-1.000		-0.862		-1.201		-1.012		-0.507

				1.260		1.327		-0.724		1.214		1.007		-0.862		1.201		1.312		-0.507

				1.260		1.327		0.684		1.214		1.007		0.403		1.201		1.312		1.001

				-1.260		-1.922		0.684		-1.214		-1.000		0.403		-1.201		-1.012		1.001

				-1.260		-1.922		-0.724		-1.214		-1.000		-0.862		-1.201		-1.012		-0.507

		14		-1.400		-1.438		-0.523		-1.304		-2.065		-0.507		-1.842		-1.557		-0.809

				1.400		1.377		-0.523		1.304		1.815		-0.507		1.842		1.224		-0.809

				1.400		1.377		0.656		1.304		1.815		0.623		1.842		1.224		0.709

				-1.400		-1.438		0.656		-1.304		-2.065		0.623		-1.842		-1.557		0.709

				-1.400		-1.438		-0.523		-1.304		-2.065		-0.507		-1.842		-1.557		-0.809

		15		-1.352		-1.159		-0.717		-1.309		-2.070		-0.521		-1.094		-2.427		-0.835

				1.352		1.056		-0.717		1.309		1.813		-0.521		1.094		1.052		-0.835

				1.352		1.056		0.660		1.309		1.813		0.630		1.094		1.052		0.607

				-1.352		-1.159		0.660		-1.309		-2.070		0.630		-1.094		-2.427		0.607

				-1.352		-1.159		-0.717		-1.309		-2.070		-0.521		-1.094		-2.427		-0.835

		21		-1.839		-1.136		-0.462		-2.055		-0.909		-0.529		-1.430		-1.081		-0.541

				1.839		1.098		-0.462		2.055		0.993		-0.529		1.430		0.895		-0.541

				1.839		1.098		0.565		2.055		0.993		0.508		1.430		0.895		0.457

				-1.839		-1.136		0.565		-2.055		-0.909		0.508		-1.430		-1.081		0.457

				-1.839		-1.136		-0.462		-2.055		-0.909		-0.529		-1.430		-1.081		-0.541

		22		-1.087		-1.247		-0.555		-1.079		-1.700		-0.801		-0.760		-0.896		-0.382

				1.087		1.344		-0.555		1.079		1.153		-0.801		0.760		0.737		-0.382

				1.087		1.344		0.813		1.079		1.153		0.703		0.760		0.737		0.641

				-1.087		-1.247		0.813		-1.079		-1.700		0.703		-0.760		-0.896		0.641

				-1.087		-1.247		-0.555		-1.079		-1.700		-0.801		-0.760		-0.896		-0.382





Graphs

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Lateral

Vertical



Univar

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Longitudinal

Vertical



Abs

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Lateral

Vertical



Trans

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Longitudinal

Vertical



rMatrix

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Lateral

Vertical



Combined

		



Flight 9

Flight 11

Flight 12

Flight 14

Flight 15

Flight 21

Flight 22

Longitudinal

Vertical



		t(2t95)		2.447

		t(2t90)		1.943

		t(2t80)		1.440

				CLB-CRZ												CRZ-APP												CLB-APP												Delta 2, 98

				2.0						98.0						2.0						98.0						2.0						98.0						CLB				CRZ				APP

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Long		Vert		Long		Vert		Long		Vert

		9		-0.047		-0.23		-0.191		0.047		0.203		0.117		0.119		0.186		0.033		-0.119		-0.004		-0.026		0.072		-0.044		-0.158		-0.072		0.199		0.091		-0.042		-0.009		-0.015		0.065		-0.197		0.058

		11		-0.217		0.081		0.141		0.217		-0.135		-0.178		-0.164		0.03		0.109		0.164		0.079		0.32		-0.381		0.111		0.25		0.381		-0.056		0.142		-0.262		0.207		-0.208		0.244		-0.317		-0.185

		12		-0.046		-0.922		0.138		0.046		0.32		0.281		-0.013		0.012		-0.355		0.013		-0.305		-0.598		-0.059		-0.91		-0.217		0.059		0.015		-0.317		-0.595		-0.04		0.007		-0.459		0.3		0.494

		14		-0.096		0.627		-0.016		0.096		-0.438		0.033		0.538		-0.508		0.302		-0.538		0.591		-0.086		0.442		0.119		0.286		-0.442		0.153		-0.053		-0.061		0.133		-0.25		0.116		-0.333		-0.1

		15		-0.043		0.911		-0.196		0.043		-0.757		0.03		-0.215		0.357		0.314		0.215		0.761		0.023		-0.258		1.268		0.118		0.258		0.004		0.053		-0.103		-0.057		-0.257		0.109		-1.375		-0.228

		21		0.216		-0.227		0.067		-0.216		0.105		0.057		-0.625		0.172		0.012		0.625		0.098		0.051		-0.409		-0.055		0.079		0.409		0.203		0.108		-0.038		0.103		0.084		-0.021		-0.186		-0.084

		22		-0.008		0.453		0.246		0.008		0.191		0.11		-0.319		-0.804		-0.419		0.319		0.416		0.062		-0.327		-0.351		-0.173		0.327		0.607		0.172		0.097		0.258		-0.547		-0.098		-0.159		0.259

		mean		-0.034		0.099		0.027		0.034		-0.073		0.064		-0.097		-0.079		-0.001		0.097		0.234		-0.036		-0.131		0.020		0.026		0.131		0.161		0.028		-0.143		0.085		-0.169		-0.006		-0.324		0.031

		dev		0.130		0.622		0.170		0.130		0.395		0.137		0.366		0.419		0.290		0.366		0.371		0.279		0.308		0.657		0.209		0.308		0.222		0.168		0.226		0.124		0.215		0.227		0.509		0.262

		error		0.049		0.235		0.064		0.049		0.149		0.052		0.138		0.158		0.110		0.138		0.140		0.105		0.116		0.248		0.079		0.116		0.084		0.064		0.085		0.047		0.081		0.086		0.193		0.099

		tobs		-0.702		0.421		0.420		0.702		-0.489		1.241		-0.701		-0.501		-0.005		0.701		1.665		-0.345		-1.129		0.079		0.335		1.129		1.917		0.440		-1.681		1.815		-2.085		-0.073		-1.682		0.309

		sig(2t95)		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-

		sig(2t90)		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		Yes		-		-		-

		sig(2t80)		-		-		-		-		-		-		-		-		-		-		Yes		-		-		-		-		-		Yes		-		Yes		Yes		Yes		-		Yes		-





		

				CLB												CRZ												APP

				2.0						98.0						2.0						98.0						2.0						98.0

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		0.5		0.6		0.5		0.5		0.5		0.4		0.5		0.3		0.3		0.5		0.3		0.3		0.6		0.5		0.3		0.6		0.3		0.4

		11		1.6		0.9		0.4		1.6		0.7		0.6		1.4		1.0		0.6		1.4		0.8		0.8		1.3		1.0		0.7		1.3		0.7		0.5

		12		1.3		1.9		0.7		1.3		1.3		0.7		1.2		1.0		0.9		1.2		1.0		0.4		1.2		1.0		0.5		1.2		1.3		1.0

		14		1.4		1.4		0.5		1.4		1.4		0.7		1.3		2.1		0.5		1.3		1.8		0.6		1.8		1.6		0.8		1.8		1.2		0.7

		15		1.4		1.2		0.7		1.4		1.1		0.7		1.3		2.1		0.5		1.3		1.8		0.6		1.1		2.4		0.8		1.1		1.1		0.6

		21		1.8		1.1		0.5		1.8		1.1		0.6		2.1		0.9		0.5		2.1		1.0		0.5		1.4		1.1		0.5		1.4		0.9		0.5

		22		1.1		1.2		0.6		1.1		1.3		0.8		1.1		1.7		0.8		1.1		1.2		0.7		0.8		0.9		0.4		0.8		0.7		0.6





		

				9		11		12		14		15		21		22

				0.532		1.646		1.26		1.4		1.352		1.839		1.087

				0.566		0.932		1.922		1.438		1.159		1.136		1.247

				0.456		0.432		0.724		0.523		0.717		0.462		0.555

				0.532		1.646		1.26		1.4		1.352		1.839		1.087

				0.524		0.67		1.327		1.377		1.056		1.098		1.344

				0.447		0.639		0.684		0.656		0.66		0.565		0.813

				0.485		1.429		1.214		1.304		1.309		2.055		1.079

				0.336		1.013		1		2.065		2.07		0.909		1.7

				0.265		0.573		0.862		0.507		0.521		0.529		0.801

				0.485		1.429		1.214		1.304		1.309		2.055		1.079

				0.321		0.805		1.007		1.815		1.813		0.993		1.153

				0.33		0.817		0.403		0.623		0.63		0.508		0.703

				0.604		1.265		1.201		1.842		1.094		1.43		0.76

				0.522		1.043		1.012		1.557		2.427		1.081		0.896

				0.298		0.682		0.507		0.809		0.835		0.541		0.382

				0.604		1.265		1.201		1.842		1.094		1.43		0.76

				0.325		0.726		1.312		1.224		1.052		0.895		0.737

				0.356		0.497		1.001		0.709		0.607		0.457		0.641





		

								CLB												CRZ												APP

								2.0						98.0						2.0						98.0						2.0						98.0

								Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Sum		nDiag		nAll		meanR		alpha

		CLB		2.0		Lat		1		0.3231729594		-0.0589853888		1		0.3005134903		0.2530878154		0.9622416758		0.2857589892		0.2847009269		0.9622416758		0.3981021999		0.5189785283		0.7269351766		0.3710020681		0.6022589675		0.7269351766		0.5132044778		0.1152769525

						Long		0.3231729594		1		0.6805721743		0.3231729594		0.844312141		0.602696907		0.30835732		0.401689862		0.8024624266		0.30835732		0.4845181187		-0.0331213221		0.4637160448		0.2355081238		0.2623942734		0.4637160448		0.9061973929		0.9608655938

						Vert		-0.0589853888		0.6805721743		1		-0.0589853888		0.5294265879		0.4427170828		-0.0560803817		0.4500639184		0.5283102086		-0.0560803817		0.5104801089		-0.1682215516		-0.0277563502		0.5642573555		0.2699668868		-0.0277563502		0.6571111278		0.7527091462

				98.0		Lat		1		0.3231729594		-0.0589853888		1		0.3005134903		0.2530878154		0.9622416758		0.2857589892		0.2847009269		0.9622416758		0.3981021999		0.5189785283		0.7269351766		0.3710020681		0.6022589675		0.7269351766		0.5132044778		0.1152769525

						Long		0.3005134903		0.844312141		0.5294265879		0.3005134903		1		0.729808546		0.3475777545		0.661394579		0.6995698838		0.3475777545		0.678666134		0.1144236036		0.4528114062		0.3136807953		0.25222207		0.4528114062		0.7858228834		0.7451750509

						Vert		0.2530878154		0.602696907		0.4427170828		0.2530878154		0.729808546		1		0.18611627		0.6770915393		0.8412801347		0.18611627		0.5259463901		0.5974724097		0.1055877003		0.2658760367		0.2064633448		0.1055877003		0.4823651181		0.6000817198

		CRZ		2.0		Lat		0.9622416758		0.30835732		-0.0560803817		0.9622416758		0.3475777545		0.18611627		1		0.218204695		0.2571242908		1		0.3522279561		0.3510778552		0.6588901087		0.3168802326		0.4644564301		0.6588901087		0.4712100661		0.0626830772

						Long		0.2857589892		0.401689862		0.4500639184		0.2857589892		0.661394579		0.6770915393		0.218204695		1		0.2897818215		0.218204695		0.9550260108		0.557423177		0.4291017357		0.7847065817		0.7057036468		0.4291017357		0.5869105425		0.3691825995

						Vert		0.2847009269		0.8024624266		0.5283102086		0.2847009269		0.6995698838		0.8412801347		0.2571242908		0.2897818215		1		0.2571242908		0.2242026998		0.2543622684		0.0766795094		0.0028911793		-0.0243873039		0.0766795094		0.5686203725		0.790304996

				98.0		Lat		0.9622416758		0.30835732		-0.0560803817		0.9622416758		0.3475777545		0.18611627		1		0.218204695		0.2571242908		1		0.3522279561		0.3510778552		0.6588901087		0.3168802326		0.4644564301		0.6588901087		0.4712100661		0.0626830772

						Long		0.3981021999		0.4845181187		0.5104801089		0.3981021999		0.678666134		0.5259463901		0.3522279561		0.9550260108		0.2242026998		0.3522279561		1		0.4065034483		0.5911010941		0.8677446981		0.8090872511		0.5911010941		0.7289702549		0.4163195028

						Vert		0.5189785283		-0.0331213221		-0.1682215516		0.5189785283		0.1144236036		0.5974724097		0.3510778552		0.557423177		0.2543622684		0.3510778552		0.4065034483		1		0.2710901855		0.3417321762		0.5166488801		0.2710901855		0.0903832773		-0.0631855669

		APP		2.0		Lat		0.7269351766		0.4637160448		-0.0277563502		0.7269351766		0.4528114062		0.1055877003		0.6588901087		0.4291017357		0.0766795094		0.6588901087		0.5911010941		0.2710901855		1		0.3969615087		0.7315965098		1		0.7086534664		0.3064986996

						Long		0.3710020681		0.2355081238		0.5642573555		0.3710020681		0.3136807953		0.2658760367		0.3168802326		0.7847065817		0.0028911793		0.3168802326		0.8677446981		0.3417321762		0.3969615087		1		0.8575274414		0.3969615087		0.5570024501		0.2031887799

						Vert		0.6022589675		0.2623942734		0.2699668868		0.6022589675		0.25222207		0.2064633448		0.4644564301		0.7057036468		-0.0243873039		0.4644564301		0.8090872511		0.5166488801		0.7315965098		0.8575274414		1		0.7315965098		0.6232572269		0.2058914999

				98.0		Lat		0.7269351766		0.4637160448		-0.0277563502		0.7269351766		0.4528114062		0.1055877003		0.6588901087		0.4291017357		0.0766795094		0.6588901087		0.5911010941		0.2710901855		1		0.3969615087		0.7315965098		1		0.7086534664		0.3064986996

						Long		0.5132044778		0.9061973929		0.6571111278		0.5132044778		0.7858228834		0.4823651181		0.4712100661		0.5869105425		0.5686203725		0.4712100661		0.7289702549		0.0903832773		0.7086534664		0.5570024501		0.6232572269		0.7086534664		1		0.8320811798

						Vert		0.1152769525		0.9608655938		0.7527091462		0.1152769525		0.7451750509		0.6000817198		0.0626830772		0.3691825995		0.790304996		0.0626830772		0.4163195028		-0.0631855669		0.3064986996		0.2031887799		0.2058914999		0.3064986996		0.8320811798		1

						Lat Sum		5.3783537049						5.3783537049						5.2422635689						5.2422635689						4.7716505706						4.7716505706						30.7845356889		6		36		0.782688987		0.9152908401

						Long Sum				3.8722256384						4.2838765327						4.389727576						4.7149252164						3.758642649						4.5649035238				25.5843011362		6		36		0.6528100379		0.9185774213

						Vert Sum						2.8254817726						3.6880146918						3.3898703038						2.1370764397						2.1745833077						3.2858017951		17.5008283107		6		36		0.3833609437		0.7885909014

						Grand Sum		156.1966077278

						CountDiag		18

						CountAll		324

						meanR		0.4516229011

						alpha		0.9368053639





		t(2t95)		2.447

		t(2t90)		1.943

		t(2t80)		1.440

				2.000						98.000						Delta				Avg

		Flight		Lat		Long		Vert		Lat		Long		Vert		Long		Vert		Vert

		9		-0.540		-0.475		-0.340		0.540		0.390		0.378		-0.085		0.038		0.359

		11		-1.447		-0.996		-0.562		1.447		0.734		0.651		-0.262		0.089		0.607

		12		-1.225		-1.311		-0.698		1.225		1.215		0.696		-0.096		-0.002		0.697

		14		-1.515		-1.687		-0.613		1.515		1.472		0.663		-0.215		0.050		0.638

		15		-1.252		-1.885		-0.691		1.252		1.307		0.632		-0.578		-0.059		0.662

		21		-1.775		-1.042		-0.511		1.775		0.995		0.510		-0.047		-0.001		0.510

		22		-0.975		-1.281		-0.579		0.975		1.078		0.719		-0.203		0.140		0.649

		mean														-0.212		0.036

		dev														0.180		0.065

		error														0.068		0.025

		tobs														-3.124		1.480

		sig(2t95)														Yes		-

		sig(2t90)														Yes		-

		sig(2t80)														Yes		Yes

		Mean		-1.247		-1.240						1.027								0.589

		s		0.401		0.467						0.367								0.117

		Centerhead		-2.2		-2.1						1.8								0.9

		Range		4.3		3.9														1.9
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Chart1

		-0.336		-1.013		-1		-2.065		-2.07		-0.909		-1.247

		0.321		0.805		1.007		1.815		1.813		0.993		1.344

		0.321		0.805		1.007		1.815		1.813		0.993		1.344

		-0.336		-1.013		-1		-2.065		-2.07		-0.909		-1.247

		-0.336		-1.013		-1		-2.065		-2.07		-0.909		-1.247
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Raw

				CLB																										CRZ																										APP																										0.25

						2								50								98										2								50								98										2								50								98								Lat						Rel

		Flight		RecT		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		RecT		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		RecT		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		Rec		Lat		Long		Vert		CLB		CRZ		APP		CLB		CRZ		APP		Avg

		9		5209		104		-2.18		19.95		3.40		2605		-1.65		20.52		3.85		5105		-1.12		21.04		4.30		7804		156		-2.19		20.51		3.64		3902		-1.70		20.84		3.91		7648		-1.22		21.16		4.24		5643		113		-2.38		20.53		3.46		2822		-1.78		21.05		3.76		5530		-1.18		21.38		4.11		-1.809		-1.841		-2.040		0.162		0.139		0.261		0.187

		11		3842		77		-1.64		21.01		3.84		1921		0.01		21.94		4.28		3765		1.65		22.61		4.91		8083		162		-1.24		21.17		3.50		4042		0.19		22.19		4.07		7921		1.62		22.99		4.89		14405		288		-1.34		20.92		3.40		7203		-0.07		21.96		4.09		14117		1.19		22.69		4.58		-0.420		-0.200		-0.504		0.427		0.388		0.430		0.415

		12		3337		67		-1.58		19.80		4.40		1669		-0.32		21.73		5.12		3270		0.94		23.05		5.80		21257		425		-2.30		20.86		4.12		10629		-1.09		21.86		4.98		20832		0.13		22.86		5.39		8051		161		-1.94		20.91		4.43		4026		-0.74		21.92		4.94		7890		0.46		23.24		5.94		-0.756		-1.445		-1.216		0.438		0.356		0.476		0.423

		14		5031		101		-0.77		21.60		5.27		2516		0.63		23.04		5.79		4930		2.03		24.42		6.45		35910		718		-1.23		21.13		5.27		17955		0.08		23.20		5.78		35192		1.38		25.01		6.40		5537		111		-1.50		20.99		4.98		2769		0.34		22.55		5.79		5426		2.18		23.77		6.50		0.115		-0.317		-0.213		0.514		0.396		0.554		0.488

		15		6398		128		-2.00		18.38		4.23		3199		-0.65		19.54		4.95		6270		0.71		20.60		5.61		35920		718		-0.90		21.13		5.27		17960		0.41		23.20		5.79		35202		1.72		25.01		6.42		3616		72		-1.87		16.72		3.75		1808		-0.77		19.15		4.58		3544		0.32		20.20		5.19		-1.018		-1.083		-1.089		0.372		1.490		0.317		0.726

		21		1717		34		-16.57		15.07		0.53		859		-14.73		16.21		0.99		1683		-12.89		17.31		1.55		12717		254		-17.36		15.60		0.46		6359		-15.31		16.51		0.99		12463		-13.25		17.50		1.49		8727		175		-16.27		15.65		0.45		4364		-14.84		16.73		0.99		8552		-13.41		17.63		1.45		-15.484		-16.020		-15.289		0.752		0.711		0.446		0.636

		22		2838		57		-15.45		14.58		0.07		1419		-14.36		15.82		0.63		2781		-13.28		17.17		1.44		18056		361		-15.93		14.79		-0.31		9028		-14.85		16.49		0.49		17695		-13.77		17.65		1.20		3341		67		-15.35		15.49		0.08		1671		-14.59		16.39		0.46		3274		-13.83		17.12		1.10		-14.752		-15.145		-14.850		0.389		0.297		0.265		0.317

																																																																																														0.456





Relative

		t(1t95)		1.943

				CLB												CRZ												APP

				2.000						98.000						2.000						98.000						2.000						98.000

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		-0.532		-0.566		-0.456		0.532		0.524		0.447		-0.485		-0.336		-0.265		0.485		0.321		0.330		-0.604		-0.522		-0.298		0.604		0.325		0.356

		11		-1.646		-0.932		-0.432		1.646		0.670		0.639		-1.429		-1.013		-0.573		1.429		0.805		0.817		-1.265		-1.043		-0.682		1.265		0.726		0.497

		12		-1.260		-1.922		-0.724		1.260		1.327		0.684		-1.214		-1.000		-0.862		1.214		1.007		0.403		-1.201		-1.012		-0.507		1.201		1.312		1.001

		14		-1.400		-1.438		-0.523		1.400		1.377		0.656		-1.304		-2.065		-0.507		1.304		1.815		0.623		-1.842		-1.557		-0.809		1.842		1.224		0.709

		15		-1.352		-1.159		-0.717		1.352		1.056		0.660		-1.309		-2.070		-0.521		1.309		1.813		0.630		-1.094		-2.427		-0.835		1.094		1.052		0.607

		21		-1.839		-1.136		-0.462		1.839		1.098		0.565		-2.055		-0.909		-0.529		2.055		0.993		0.508		-1.430		-1.081		-0.541		1.430		0.895		0.457

		22		-1.087		-1.247		-0.555		1.087		1.344		0.813		-1.079		-1.700		-0.801		1.079		1.153		0.703		-0.760		-0.896		-0.382		0.760		0.737		0.641

		Mean		-1.302		-1.200		-0.553		1.302		1.057		0.638		-1.268		-1.299		-0.580		1.268		1.130		0.573		-1.171		-1.220		-0.579		1.171		0.896		0.610

		s		0.420		0.420		0.122		0.420		0.340		0.112		0.465		0.657		0.200		0.465		0.537		0.170		0.413		0.613		0.206		0.413		0.338		0.210

		Centerhead		-2.401		-2.563		-0.868		2.401		1.888		0.882		-2.229		-2.051		-1.160		2.229		1.815		1.084		-1.879		-1.788		-0.953		1.879		1.860		1.269

		Range		4.803		4.451		1.750								4.458		3.866		2.244								3.758		3.648		2.221

		Corr		-1.000		-0.844		-0.443								-1.000		-0.955		-0.254								-1.000		-0.557		-0.206

		90% 1 eye		-1.401						1.401

				2.803

		50% 2 eye		-1.302

				-0.302





Graphs

		

				CLB						CRZ						APP

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		-0.532		-0.566		-0.456		-0.485		-0.336		-0.265		-0.604		-0.522		-0.298				CLB																																						CRZ																																						APP

				0.532		0.524		-0.456		0.485		0.321		-0.265		0.604		0.325		-0.298

				0.532		0.524		0.447		0.485		0.321		0.330		0.604		0.325		0.356

				-0.532		-0.566		0.447		-0.485		-0.336		0.330		-0.604		-0.522		0.356

				-0.532		-0.566		-0.456		-0.485		-0.336		-0.265		-0.604		-0.522		-0.298

		11		-1.646		-0.932		-0.432		-1.429		-1.013		-0.573		-1.265		-1.043		-0.682

				1.646		0.670		-0.432		1.429		0.805		-0.573		1.265		0.726		-0.682

				1.646		0.670		0.639		1.429		0.805		0.817		1.265		0.726		0.497

				-1.646		-0.932		0.639		-1.429		-1.013		0.817		-1.265		-1.043		0.497

				-1.646		-0.932		-0.432		-1.429		-1.013		-0.573		-1.265		-1.043		-0.682

		12		-1.260		-1.922		-0.724		-1.214		-1.000		-0.862		-1.201		-1.012		-0.507

				1.260		1.327		-0.724		1.214		1.007		-0.862		1.201		1.312		-0.507

				1.260		1.327		0.684		1.214		1.007		0.403		1.201		1.312		1.001

				-1.260		-1.922		0.684		-1.214		-1.000		0.403		-1.201		-1.012		1.001

				-1.260		-1.922		-0.724		-1.214		-1.000		-0.862		-1.201		-1.012		-0.507

		14		-1.400		-1.438		-0.523		-1.304		-2.065		-0.507		-1.842		-1.557		-0.809

				1.400		1.377		-0.523		1.304		1.815		-0.507		1.842		1.224		-0.809

				1.400		1.377		0.656		1.304		1.815		0.623		1.842		1.224		0.709

				-1.400		-1.438		0.656		-1.304		-2.065		0.623		-1.842		-1.557		0.709

				-1.400		-1.438		-0.523		-1.304		-2.065		-0.507		-1.842		-1.557		-0.809

		15		-1.352		-1.159		-0.717		-1.309		-2.070		-0.521		-1.094		-2.427		-0.835

				1.352		1.056		-0.717		1.309		1.813		-0.521		1.094		1.052		-0.835

				1.352		1.056		0.660		1.309		1.813		0.630		1.094		1.052		0.607

				-1.352		-1.159		0.660		-1.309		-2.070		0.630		-1.094		-2.427		0.607

				-1.352		-1.159		-0.717		-1.309		-2.070		-0.521		-1.094		-2.427		-0.835

		21		-1.839		-1.136		-0.462		-2.055		-0.909		-0.529		-1.430		-1.081		-0.541

				1.839		1.098		-0.462		2.055		0.993		-0.529		1.430		0.895		-0.541

				1.839		1.098		0.565		2.055		0.993		0.508		1.430		0.895		0.457

				-1.839		-1.136		0.565		-2.055		-0.909		0.508		-1.430		-1.081		0.457

				-1.839		-1.136		-0.462		-2.055		-0.909		-0.529		-1.430		-1.081		-0.541

		22		-1.087		-1.247		-0.555		-1.079		-1.700		-0.801		-0.760		-0.896		-0.382

				1.087		1.344		-0.555		1.079		1.153		-0.801		0.760		0.737		-0.382

				1.087		1.344		0.813		1.079		1.153		0.703		0.760		0.737		0.641

				-1.087		-1.247		0.813		-1.079		-1.700		0.703		-0.760		-0.896		0.641

				-1.087		-1.247		-0.555		-1.079		-1.700		-0.801		-0.760		-0.896		-0.382
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		t(2t95)		2.447

		t(2t90)		1.943

		t(2t80)		1.440

				CLB-CRZ												CRZ-APP												CLB-APP												Delta 2, 98

				2.0						98.0						2.0						98.0						2.0						98.0						CLB				CRZ				APP

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Long		Vert		Long		Vert		Long		Vert

		9		-0.047		-0.23		-0.191		0.047		0.203		0.117		0.119		0.186		0.033		-0.119		-0.004		-0.026		0.072		-0.044		-0.158		-0.072		0.199		0.091		-0.042		-0.009		-0.015		0.065		-0.197		0.058

		11		-0.217		0.081		0.141		0.217		-0.135		-0.178		-0.164		0.03		0.109		0.164		0.079		0.32		-0.381		0.111		0.25		0.381		-0.056		0.142		-0.262		0.207		-0.208		0.244		-0.317		-0.185

		12		-0.046		-0.922		0.138		0.046		0.32		0.281		-0.013		0.012		-0.355		0.013		-0.305		-0.598		-0.059		-0.91		-0.217		0.059		0.015		-0.317		-0.595		-0.04		0.007		-0.459		0.3		0.494

		14		-0.096		0.627		-0.016		0.096		-0.438		0.033		0.538		-0.508		0.302		-0.538		0.591		-0.086		0.442		0.119		0.286		-0.442		0.153		-0.053		-0.061		0.133		-0.25		0.116		-0.333		-0.1

		15		-0.043		0.911		-0.196		0.043		-0.757		0.03		-0.215		0.357		0.314		0.215		0.761		0.023		-0.258		1.268		0.118		0.258		0.004		0.053		-0.103		-0.057		-0.257		0.109		-1.375		-0.228

		21		0.216		-0.227		0.067		-0.216		0.105		0.057		-0.625		0.172		0.012		0.625		0.098		0.051		-0.409		-0.055		0.079		0.409		0.203		0.108		-0.038		0.103		0.084		-0.021		-0.186		-0.084

		22		-0.008		0.453		0.246		0.008		0.191		0.11		-0.319		-0.804		-0.419		0.319		0.416		0.062		-0.327		-0.351		-0.173		0.327		0.607		0.172		0.097		0.258		-0.547		-0.098		-0.159		0.259

		mean		-0.034		0.099		0.027		0.034		-0.073		0.064		-0.097		-0.079		-0.001		0.097		0.234		-0.036		-0.131		0.020		0.026		0.131		0.161		0.028		-0.143		0.085		-0.169		-0.006		-0.324		0.031

		dev		0.130		0.622		0.170		0.130		0.395		0.137		0.366		0.419		0.290		0.366		0.371		0.279		0.308		0.657		0.209		0.308		0.222		0.168		0.226		0.124		0.215		0.227		0.509		0.262

		error		0.049		0.235		0.064		0.049		0.149		0.052		0.138		0.158		0.110		0.138		0.140		0.105		0.116		0.248		0.079		0.116		0.084		0.064		0.085		0.047		0.081		0.086		0.193		0.099

		tobs		-0.702		0.421		0.420		0.702		-0.489		1.241		-0.701		-0.501		-0.005		0.701		1.665		-0.345		-1.129		0.079		0.335		1.129		1.917		0.440		-1.681		1.815		-2.085		-0.073		-1.682		0.309

		sig(2t95)		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-

		sig(2t90)		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		Yes		-		-		-

		sig(2t80)		-		-		-		-		-		-		-		-		-		-		Yes		-		-		-		-		-		Yes		-		Yes		Yes		Yes		-		Yes		-





		

				CLB												CRZ												APP

				2.0						98.0						2.0						98.0						2.0						98.0

		Flight		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert

		9		0.5		0.6		0.5		0.5		0.5		0.4		0.5		0.3		0.3		0.5		0.3		0.3		0.6		0.5		0.3		0.6		0.3		0.4

		11		1.6		0.9		0.4		1.6		0.7		0.6		1.4		1.0		0.6		1.4		0.8		0.8		1.3		1.0		0.7		1.3		0.7		0.5

		12		1.3		1.9		0.7		1.3		1.3		0.7		1.2		1.0		0.9		1.2		1.0		0.4		1.2		1.0		0.5		1.2		1.3		1.0

		14		1.4		1.4		0.5		1.4		1.4		0.7		1.3		2.1		0.5		1.3		1.8		0.6		1.8		1.6		0.8		1.8		1.2		0.7

		15		1.4		1.2		0.7		1.4		1.1		0.7		1.3		2.1		0.5		1.3		1.8		0.6		1.1		2.4		0.8		1.1		1.1		0.6

		21		1.8		1.1		0.5		1.8		1.1		0.6		2.1		0.9		0.5		2.1		1.0		0.5		1.4		1.1		0.5		1.4		0.9		0.5

		22		1.1		1.2		0.6		1.1		1.3		0.8		1.1		1.7		0.8		1.1		1.2		0.7		0.8		0.9		0.4		0.8		0.7		0.6





		

				9		11		12		14		15		21		22

				0.532		1.646		1.26		1.4		1.352		1.839		1.087

				0.566		0.932		1.922		1.438		1.159		1.136		1.247

				0.456		0.432		0.724		0.523		0.717		0.462		0.555

				0.532		1.646		1.26		1.4		1.352		1.839		1.087

				0.524		0.67		1.327		1.377		1.056		1.098		1.344

				0.447		0.639		0.684		0.656		0.66		0.565		0.813

				0.485		1.429		1.214		1.304		1.309		2.055		1.079

				0.336		1.013		1		2.065		2.07		0.909		1.7

				0.265		0.573		0.862		0.507		0.521		0.529		0.801

				0.485		1.429		1.214		1.304		1.309		2.055		1.079

				0.321		0.805		1.007		1.815		1.813		0.993		1.153

				0.33		0.817		0.403		0.623		0.63		0.508		0.703

				0.604		1.265		1.201		1.842		1.094		1.43		0.76

				0.522		1.043		1.012		1.557		2.427		1.081		0.896

				0.298		0.682		0.507		0.809		0.835		0.541		0.382

				0.604		1.265		1.201		1.842		1.094		1.43		0.76

				0.325		0.726		1.312		1.224		1.052		0.895		0.737

				0.356		0.497		1.001		0.709		0.607		0.457		0.641





		

								CLB												CRZ												APP

								2.0						98.0						2.0						98.0						2.0						98.0

								Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Lat		Long		Vert		Sum		nDiag		nAll		meanR		alpha

		CLB		2.0		Lat		1		0.3231729594		-0.0589853888		1		0.3005134903		0.2530878154		0.9622416758		0.2857589892		0.2847009269		0.9622416758		0.3981021999		0.5189785283		0.7269351766		0.3710020681		0.6022589675		0.7269351766		0.5132044778		0.1152769525

						Long		0.3231729594		1		0.6805721743		0.3231729594		0.844312141		0.602696907		0.30835732		0.401689862		0.8024624266		0.30835732		0.4845181187		-0.0331213221		0.4637160448		0.2355081238		0.2623942734		0.4637160448		0.9061973929		0.9608655938

						Vert		-0.0589853888		0.6805721743		1		-0.0589853888		0.5294265879		0.4427170828		-0.0560803817		0.4500639184		0.5283102086		-0.0560803817		0.5104801089		-0.1682215516		-0.0277563502		0.5642573555		0.2699668868		-0.0277563502		0.6571111278		0.7527091462

				98.0		Lat		1		0.3231729594		-0.0589853888		1		0.3005134903		0.2530878154		0.9622416758		0.2857589892		0.2847009269		0.9622416758		0.3981021999		0.5189785283		0.7269351766		0.3710020681		0.6022589675		0.7269351766		0.5132044778		0.1152769525

						Long		0.3005134903		0.844312141		0.5294265879		0.3005134903		1		0.729808546		0.3475777545		0.661394579		0.6995698838		0.3475777545		0.678666134		0.1144236036		0.4528114062		0.3136807953		0.25222207		0.4528114062		0.7858228834		0.7451750509

						Vert		0.2530878154		0.602696907		0.4427170828		0.2530878154		0.729808546		1		0.18611627		0.6770915393		0.8412801347		0.18611627		0.5259463901		0.5974724097		0.1055877003		0.2658760367		0.2064633448		0.1055877003		0.4823651181		0.6000817198

		CRZ		2.0		Lat		0.9622416758		0.30835732		-0.0560803817		0.9622416758		0.3475777545		0.18611627		1		0.218204695		0.2571242908		1		0.3522279561		0.3510778552		0.6588901087		0.3168802326		0.4644564301		0.6588901087		0.4712100661		0.0626830772

						Long		0.2857589892		0.401689862		0.4500639184		0.2857589892		0.661394579		0.6770915393		0.218204695		1		0.2897818215		0.218204695		0.9550260108		0.557423177		0.4291017357		0.7847065817		0.7057036468		0.4291017357		0.5869105425		0.3691825995

						Vert		0.2847009269		0.8024624266		0.5283102086		0.2847009269		0.6995698838		0.8412801347		0.2571242908		0.2897818215		1		0.2571242908		0.2242026998		0.2543622684		0.0766795094		0.0028911793		-0.0243873039		0.0766795094		0.5686203725		0.790304996

				98.0		Lat		0.9622416758		0.30835732		-0.0560803817		0.9622416758		0.3475777545		0.18611627		1		0.218204695		0.2571242908		1		0.3522279561		0.3510778552		0.6588901087		0.3168802326		0.4644564301		0.6588901087		0.4712100661		0.0626830772

						Long		0.3981021999		0.4845181187		0.5104801089		0.3981021999		0.678666134		0.5259463901		0.3522279561		0.9550260108		0.2242026998		0.3522279561		1		0.4065034483		0.5911010941		0.8677446981		0.8090872511		0.5911010941		0.7289702549		0.4163195028

						Vert		0.5189785283		-0.0331213221		-0.1682215516		0.5189785283		0.1144236036		0.5974724097		0.3510778552		0.557423177		0.2543622684		0.3510778552		0.4065034483		1		0.2710901855		0.3417321762		0.5166488801		0.2710901855		0.0903832773		-0.0631855669

		APP		2.0		Lat		0.7269351766		0.4637160448		-0.0277563502		0.7269351766		0.4528114062		0.1055877003		0.6588901087		0.4291017357		0.0766795094		0.6588901087		0.5911010941		0.2710901855		1		0.3969615087		0.7315965098		1		0.7086534664		0.3064986996

						Long		0.3710020681		0.2355081238		0.5642573555		0.3710020681		0.3136807953		0.2658760367		0.3168802326		0.7847065817		0.0028911793		0.3168802326		0.8677446981		0.3417321762		0.3969615087		1		0.8575274414		0.3969615087		0.5570024501		0.2031887799

						Vert		0.6022589675		0.2623942734		0.2699668868		0.6022589675		0.25222207		0.2064633448		0.4644564301		0.7057036468		-0.0243873039		0.4644564301		0.8090872511		0.5166488801		0.7315965098		0.8575274414		1		0.7315965098		0.6232572269		0.2058914999

				98.0		Lat		0.7269351766		0.4637160448		-0.0277563502		0.7269351766		0.4528114062		0.1055877003		0.6588901087		0.4291017357		0.0766795094		0.6588901087		0.5911010941		0.2710901855		1		0.3969615087		0.7315965098		1		0.7086534664		0.3064986996

						Long		0.5132044778		0.9061973929		0.6571111278		0.5132044778		0.7858228834		0.4823651181		0.4712100661		0.5869105425		0.5686203725		0.4712100661		0.7289702549		0.0903832773		0.7086534664		0.5570024501		0.6232572269		0.7086534664		1		0.8320811798

						Vert		0.1152769525		0.9608655938		0.7527091462		0.1152769525		0.7451750509		0.6000817198		0.0626830772		0.3691825995		0.790304996		0.0626830772		0.4163195028		-0.0631855669		0.3064986996		0.2031887799		0.2058914999		0.3064986996		0.8320811798		1

						Lat Sum		5.3783537049						5.3783537049						5.2422635689						5.2422635689						4.7716505706						4.7716505706						30.7845356889		6		36		0.782688987		0.9152908401

						Long Sum				3.8722256384						4.2838765327						4.389727576						4.7149252164						3.758642649						4.5649035238				25.5843011362		6		36		0.6528100379		0.9185774213

						Vert Sum						2.8254817726						3.6880146918						3.3898703038						2.1370764397						2.1745833077						3.2858017951		17.5008283107		6		36		0.3833609437		0.7885909014

						Grand Sum		156.1966077278

						CountDiag		18

						CountAll		324

						meanR		0.4516229011

						alpha		0.9368053639





		t(2t95)		2.447

		t(2t90)		1.943

		t(2t80)		1.440

				2.000						98.000						Delta				Avg

		Flight		Lat		Long		Vert		Lat		Long		Vert		Long		Vert		Vert

		9		-0.540		-0.475		-0.340		0.540		0.390		0.378		-0.085		0.038		0.359

		11		-1.447		-0.996		-0.562		1.447		0.734		0.651		-0.262		0.089		0.607

		12		-1.225		-1.311		-0.698		1.225		1.215		0.696		-0.096		-0.002		0.697

		14		-1.515		-1.687		-0.613		1.515		1.472		0.663		-0.215		0.050		0.638

		15		-1.252		-1.885		-0.691		1.252		1.307		0.632		-0.578		-0.059		0.662

		21		-1.775		-1.042		-0.511		1.775		0.995		0.510		-0.047		-0.001		0.510

		22		-0.975		-1.281		-0.579		0.975		1.078		0.719		-0.203		0.140		0.649

		mean														-0.212		0.036

		dev														0.180		0.065

		error														0.068		0.025

		tobs														-3.124		1.480

		sig(2t95)														Yes		-

		sig(2t90)														Yes		-

		sig(2t80)														Yes		Yes

		Mean		-1.247		-1.240						1.027								0.589

		s		0.401		0.467						0.367								0.117

		Centerhead		-2.2		-2.1						1.8								0.9

		Range		4.3		3.9														1.9






