	Altitude ASL
(ft)
	Altitude AGL
(ft)
	Airspeed
(mph)
	Airspeed
(kts)

	
4,000
	
900
	
140
	
115


	
3,000
	
600
	
140
	
115


	
2,000
	
300
	
140
	
115



                 Table 1. Altitude and airspeed test points.


	Spatial Resolution

	Spatial resolution is the measure of how closely lines can be resolved in an image.  It depends on properties of the system creating the image, not just the pixel resolution.  For practical purposes the clarity of the image is decided by its spatial resolution. This term describes image sharpness achieved by maximizing the ability of the optical system to record image detail.


	Is the image is clear and legible.


	Clarity

	Deals with level of contrast and definition.  Clear, easy to understand.


	Does the image clearly present desired information?


	Legible

	Capable of being deciphered with ease.


	Is it easy to understand what the objects in the image actually are?


	Sharpness

	Perceived sharpness is a combination of both resolution and acutance.  It is a combination of the captured resolution, which cannot be changed in processing, and of acutance, which can be so changed.


	Are the objects in an image clearly defined?


	Acutance

	In photography, acutance is the edge contrast of an image. Acutance is related to the amplitude of the derivative of brightness with respect to space. Due to the nature of the human visual system, an image with higher acutance appears sharper even though an increase in acutance does not increase real resolution.


	Are the objects in an image clearly defined?


	Definition

	This term applies to an image in which the edges of fine detail are sharply distinct. 


	Are the objects in an image clearly defined?


	Shape

	The shape of the objects in the image.


	Are the objects of interest the proper shape?


	Graininess

	Having a granular appearance


	Was the image smooth or grainy?



Table 2:  A list and description of the metrics used to analyze the digital images.  The highlighted row is the metric to be used.  The following row is the definition of the metric, followed by what the observer is looking for with respect to that metric.


	Banding

	An artifact of color gradation in computer imaging. When graduated colors break into larger blocks of a single color, the smooth look of a proper gradation is reduced.


	Are the colors of the cars blending into colors of the surrounding objects?


	Contrast

	Contrast is the difference in luminance and/or color that makes an object distinguishable. In visual perception of the real world, contrast is determined by the difference in the color and brightness of the object and other objects within the same field of view. The maximum contrast of an image is the contrast ratio.


	Is the object of interest sufficiently luminesced with respect to other objects in the FOV?


	Contrast Ratio OR Light/Dark Contrast

	The contrast ratio is defined as the ratio of the luminance of the brightest color (white) to that of the darkest color (black) that the system is capable of producing. A high contrast ratio is a desired aspect of any display. 


	Is the ratio of the luminance of the brightest color (white) to the darkest color (black) accurately represented?


	Color Balance

	The accuracy with which the colors captured in the image, match the original scene.


	Is the image the same color as the actual object? 


	Brightness

	Value of a pixel in a digital image giving its value of lightness from black to white, with o being black and 255 being white


	Is the range of illumination sufficient?
Did it provide sufficient illumination?


	Sunlight

	Effect of the sunlight on the image.


	Did it create a glare or did it wash out the display.  Was this affected by angle?


	Field of View (FOV)

	The field of view is the area that is seen at any given moment.


	Was the entire area of interest available in the image?


	Depth of View (DOV)

	The range of items in focus in an image. This is controlled by the focal length and aperture opening of a lens. A large or wide aperture gives a shallow depth of field (not much range in focus) and a smaller or narrow aperture give a large depth of field (more range in focus).


	Are the objects of interest in focus?


	Spot Size

	Refers to how the smallest element contributes to resolution.


	How does smallest element contribute to resolution?



Table 2 continued
	Screen Size

	The size of the UMPC screen that displays the image.


	Is screen small enough so that it is appropriate for flight tests?  
Is it large (small) enough to be effective?
Does the display allow the FTE to view any other data?

	Screen Placement

	Refers to the where the screen is (the placement of the screen on the UMPC).


	Is it easily viewed? Does it interfere with other information?


	Refresh time

	The refresh time refers to the number of times in a second that a display hardware draws the data.


	Was the refresh rate timely? Was a flicker or smear present?  Was the picture was stable?


	Automatic Brightness/Contrast


	Refers to the system’s ability to automatically adjust the image brightness.

	Did it interrupt the display? Did the circuitry adequately compensated for changing light levels?


	Automatic Gain

	Refers to the system that feeding back the average output signal level to adjust the gain to an appropriate level for a range of input signal levels.  Where gain is the mean ratio of the signal output of a system to the signal input of the same system


	Did it disturb the display?  Was circuitry adequately compensated for situation dynamics?



Table 2 continued



	
	Avgerage GPS
Ground
Speed (kts)
	Altitude 
From 
Laser
Altimeter
(ft)
	Avgerage
Aircraft Pitch Angle
(deg)
	Avgerage Pitch Rate
(deg/sec)
	Avgerage
Heitronics
(deg C)
	
Time

	Parking Lot 1
	113
	882
	4.373
	-0.563
	14.1
	16:51:29

	Parking Lot 2
	117
	580
	4.351
	-0.851
	11.2
	16:42:22

	Parking Lot 3
	118
	306
	3.889
	-0.476
	16.5
	16:34:04

	Landing Parking Lot
	93
	59
	-4.466
	-1.318
	19.4
	17:04:450

	Runway 
1
	118
	885
	3.818
	-0.215
	14.5
	16:34:35

	Runway 
2
	115
	582
	4.532
	-1.025
	14.9
	16:42:53

	Runway 
3
	110
	323
	3.988
	0.092
	14.7
	16:52:01


	  Table 3. Airspeed, altitude, pitch, and surface temperature at test points.


	Spatial Resolution

	[image: ]
	At 60 ft:
The image is legible and somewhat clear, there is a blur around the edges of the cars.  

	[image: ]
	At 300 ft:
The image is clear and legible.  There is adequate detail to count the targets.  They are easily distinguished from one another.  Targets appear fairly clear and legible.

	[image: ]
	At 600 ft:
There is enough detail provided to count the targets, but they are barely legible and not very clear.  Some eyestrain is needed to make an accurate count.

	[image: ]
	At 900 ft:
The image is not clear and legible, significant eyestrain is needed to count the targets.

	Clarity

	[image: ]
	At 60 ft:
The desired information is clearly presented (the targets can be easily counted)

	[image: ]
	At 300 ft:
The image clearly present desired information, the targets can be easily counted.

	[image: ]
	At 600 ft:
The clarity is poor.  Targets can be counted, but it is difficult.

	[image: ]
	At 900 ft:
The clarity is very poor, a count of the targets may not be accurate.

	Legible

	[image: ]
	At 60 ft:
It is easy to understand that the objects are cars; also smaller details such as windshields are easy to see.  

	[image: ]
	At 300 ft:
It is mostly easy to understand what the objects in the image are. One can glance at the image and know it is a parking lot, with cars and parking spaces.  It is not easy to determine a car versus a truck.  

	[image: ]
	At 600 ft:
It is not easy to understand what the objects in the image actually are without considering factoring in that the background is a parking lot.

	[image: ]
	At 900 ft:


	Sharpness, Acutance, Definition

	[image: ]
	The objects in the image are clearly defined; it easy to distinguish one car from another.

	[image: ]
	At 300 ft:
The objects in the image are somewhat clearly defined.  It easy to distinguish one car from another.  One can also see some things like the car windshield.

	[image: ]
	The cars are just adequately enough defined that an observer can see where one car ends and the other begins.

	[image: ]
	At 900 ft:
The cars are blurring together.


Table 4: An analysis of the digital images at 60 ft, 300 ft, 600 ft, and 900 ft displayed on a monitor.  The highlighted row indicates the metric with which the image is being judged.  The left column indicates if the image was good (check mark), fair (wavy lines), or poor (x mark) with respect to that metric and the right column gives a brief explanation if not the same as previous altitude.




	Shape

	[image: ]
	At 60 ft:
The targets in the image are the appropriate shape.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:
The viewer can determine what the target is based on the shape and surroundings.

	[image: ]
	At 900 ft:


	Graininess

	[image: ]
	At 60 ft:
The image was not grainy.


	[image: ]
	At 300 ft:

	[image: ]
	At 600 ft:


	[image: ]
	At 900 ft:


	Banding

	[image: ]
	At 60 ft:
The colors of the cars are not blending into colors of the surrounding objects.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:
The colors are blending, there is more grey than at 300 ft.

	[image: ]
	At 900 ft:
The color blending is greater and there is more grey than at 600 ft.

	Contrast

	[image: ]
	At 60 ft:
The cars are sufficiently luminesced with respect to other objects in the FOV; however, the darker cars are more difficult to distinguish from the asphalt.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:

	[image: ]
	At 900 ft:


	Contrast Ratio OR Light/Dark Contrast

	[image: ]
	At 60 ft:
The ratio of the luminance of the brightest color (white) to the darkest color (black) appears to be accurately represented.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:

	[image: ]
	At 900 ft:



Table 4 continued


	Color Balance

	[image: ]
	At 60 ft:
The color of the targets is very good.  Reds, yellows and blue targets are easily seen.  Also, light blue and dark blues are distinguishable from one another.

	[image: ]
	At 300 ft:
The images appear to be the same color as the actual object? Reds, yellows and blue targets are easily seen.


	[image: ]
	At 600 ft:
There is adequate detail to see red, whites and blacks.  Other colors appear grey.

	[image: ]
	At 900 ft:
The targets look white and black, there is not adequate detail to distinguish other colors.  

	Brightness

	[image: ]
	At 60 ft:
The range of illumination is sufficient.  It provides sufficient illumination.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:

	[image: ]
	At 900 ft:


	Sunlight

	[image: ]
	At 60 ft:
The sunlight did not create a glare

	[image: ]
	At 300 ft:  


	[image: ]
	At 600 ft:

	[image: ]
	At 900 ft:


	Field of View (FOV)

	[image: ]
	At 60 ft:
At this altitude only about half the parking lot strip is available in the FOV.

	[image: ]
	At 300 ft:
The entire area of interest is available in the image.

	[image: ]
	At 600 ft:

	[image: ]
	At 900 ft:


	Depth of View (DOV)

	[image: ]
	At 60 ft:
The objects of interest are somewhat in focus.

	[image: ]
	At 300 ft:


	[image: ]
	At 600 ft:
No the objects of interest are not in focus.

	[image: ]
	At 900 ft:

	Spot Size

	
	How does smallest element contribute to resolution?



Table 4 continued.



	Resolution

	Is the image is clear and legible.


	The image provides adequate detail to easily count the targets.  Targets could be distinguished from one another.  No eyestrain occurs to count the targets. Targets appear fairly clear and legible.


	Clarity

	Does the image clearly present desired information?


	The desired information is clearly presented (the targets can be easily counted)


	Color Balance

	Is the image the same color as the actual object? 


	There is adequate detail to see red, whites and blacks.  Other colors appear grey.


	Screen Size

	Is screen small enough so that it is appropriate for flight tests?  
Is it large (small) enough to be effective?
Does the display allow the FTE to view any other data?


	Yes, the display on the UMPC an appropriate size.
Yes.  It was large enough to capture the desired field of view.  It was small enough that it did not get in the way.
No.

	Shape

	Are the objects of interest the proper shape?


	The targets on the display were the appropriate shape, but somewhat blurred.


	Screen Placement


	Is it easily viewed? Does it interfere with other information?


	Yes.  Yes, only the video or the parameters could be viewed at one time.

	Refresh time


	Was the refresh rate timely? Was a flicker or smear present?  Was the picture was stable?


	Yes.  No.  Yes.

	Automatic Brightness/Contrast


	Did it interrupt the display? Did the circuitry adequately compensated for changing light levels?


	No.  Yes.

	Automatic Gain


	Did it disturb the display?  Was circuitry adequately compensated for situation dynamics?


	No.  Yes.


Table 5:  Analysis of the UMPC display of the parking lot at 300 feet.



	Resolution

	Is the image is clear and legible.


	There is enough detail provided to count the targets, with eyestrain.  Targets are barely legible, they are not clear.


	Clarity

	Does the image clearly present desired information?

	The clarity is poor.  Targets can be counted, but it is difficult.


	Color Balance

	Is the image the same color as the actual object? 


	The targets on the display appear to be white and various shades of grey.  Some red is faintly visible.


	Screen Size

	Is screen small enough so that it is appropriate for flight tests?  
Is it large (small) enough to be effective?
Does the display allow the FTE to view any other data?


	Yes, the display on the UMPC an appropriate size.
Yes.  It was large enough to capture the desired field of view.  It was small enough that it did not get in the way.
No.

	Shape

	Are the objects of interest the proper shape?


	The targets on the display were the appropriate shape, but somewhat blurred.


	Screen Placement


	Is it easily viewed? Does it interfere with other information?


	Yes.  Yes, only the video or the parameters could be viewed at one time.


	Refresh time


	Was the refresh rate timely? Was a flicker or smear present?  Was the picture was stable?


	Yes.  No.  Yes.

	Automatic Brightness/Contrast


	Did it interrupt the display? Did the circuitry adequately compensated for changing light levels?


	No.  Yes.

	Automatic Gain


	Did it disturb the display?  Was circuitry adequately compensated for situation dynamics?


	No.  Yes.


Table 5b:  Analysis of the UMPC display of the parking lot at 600 feet.



	Resolution

	Is the image is clear and legible.


	The image does not provided adequate detail to count the targets.  Targets are not clear they are barely legible.


	Clarity

	Does the image clearly present desired information?


	The clarity is very poor.  Targets cannot be counted with reliable accuracy.


	Color Balance

	Is the image the same color as the actual object? 


	The targets appear white and grey.  Adequate detail is not provided to distinguish other colors.  


	Screen Size

	Is screen small enough so that it is appropriate for flight tests?  
Is it large (small) enough to be effective?
Does the display allow the FTE to view any other data?

	Yes, the display on the UMPC an appropriate size.
Yes.  It was large enough to capture the desired field of view.  It was small enough that it did not get in the way.
No.

	Shape

	Are the objects of interest the proper shape?


	The shapes were blurred, the viewer can tell what the targets are based on the surroundings.


	Screen Placement


	Is it easily viewed? Does it interfere with other information?


	Yes.  Yes, only the video or the parameters could be viewed at one time.


	Refresh time


	Was the refresh rate timely? Was a flicker or smear present?  Was the picture was stable?


	No.  Yes. Yes.

	Automatic Brightness/Contrast


	Did it interrupt the display? Did the circuitry adequately compensated for changing light levels?

	No.  Yes.

	Automatic Gain


	Did it disturb the display?  Was circuitry adequately compensated for situation dynamics?


	No.  Yes.


Table 5c:  Analysis of the UMPC display of the parking lot at 900 feet.






	

Markings

	

Distance
	
Height
324 feet
AGL

	
Height
582 feet
AGL

	
Height
885 feet
AGL


	a. Threshold markings

	
Gap between the threshold markings

	
11.5’
	
Resolvable
	
Resolvable
	
Resolvable

	
Length of the threshold markings

	
150’
	
Resolvable
	
Resolvable
	
Resolvable

	
Width and spaces

	
5.75’
	
Resolvable
	
Resolvable
	Partly
Resolvable

	b. Runway Designation Numerals

	
Height

	
60’
	
Resolvable
	
Resolvable
	
Resolvable

	
Width per numeral

	
20’
	
Resolvable
	
Resolvable
	
Resolvable

	
Spacing

	
15’
	
Resolvable
	
Resolvable
	
Resolvable

	
Total width

	
55’
	
Resolvable
	
Resolvable
	
Resolvable

	c. The center lines

	
Length

	
120’
	
Resolvable
	
Resolvable
	
Resolvable

	
Spacing

	
80’
	
Resolvable
	
Resolvable
	
Resolvable

	d. Chevrons

	
from tip to tip

	
100’
	
Resolvable
	
Resolvable
	
Resolvable

	e. Holding Position Markers

	
Height-Wise  Spacing 
4 lines and 3 spaces 
1’ each 

	
1’ each
(blends into a 7’ strip)
	
The 1’ spaces are
Not Resolvable
	
The 1’ spaces are
Not Resolvable
	
The 1’ spaces are
Not Resolvable

	
Width and spacing

	
5.75’
	
Resolvable
	
Not Resolvable
	
Not Resolvable


		Table 6: Measurements of prominent runway markings.
 
	
	Measured in
Inches/feet
	Height
306 feet AGL

	Height
580 feet AGL

	Height
882 feet AGL


	
A. The parking spaces
	
	
Resolvable
	
Resolvable
	
Somewhat Resolvable

	
Average Width
	
114”/ 9.5’
	
Visible
	
Visible
	
Intermittently Visible 

	
Average Length
	
remeasure
	
Visible
	
Visible
	
Intermittently Visible

	
Narrow space at far end
	
82”/ 6.8’
	
Visible
	
Visible
	
Barely Visible

	
Yellow Lines
	
6”/ .5’
	
Visible
	
Visible
	
Intermittently Visible

	
Center Yellow Line
	
6.25”/
	
Visible
	
Visible
	
Visible

	B. End without bushes 
	
	
	
	

	
Width
	
238”/ 19.8’
	
Visible
	
Visible
	
Visible

	
Length	
	
536”/ 44.7’
	
Visible
	
Visible
	
Visible

	C. End with bushes
	
	
	
	

	
Width	
	
170”/ 14.2’
	
Visible
	
Visible
	
Visible

	
Length	
	
525”/ 43.75’
	
Visible
	
Visible
	
Visible

	Bushes/Spaces
	
	Resolvable
	Not Resolvable
	Not Resolvable

	Bush 1	
	64”/ 5.3’
	

	Space 1	
	27”/ 2.25’
	

	Bush 2		
	67”/ 5.6’
	

	Space 2		
	20”/ 1.7’
	

	Bush 3	
	68”/ 5.7’
	

	Space 3		
	17”/ 1.4’
	

	Bush 4	
	81”/ 6.75’
	

	Space 4	
	31”/ 2.6’
	

	Bush 5	
	79”/ 6.6’
	

	
Length from B to C
(inside to inside)
	
1869”/ 155.75’

	
Visible
	
Visible
	
Visible

	
Length from B to C
(outside to outside)
	
2277”/ 189.75’

	
Visible
	
Visible
	
Visible


Table 7:  Parking lot measurements, see Figure 29.




	
Area
	Measurement for a Buffett (Average Male Manatee)

	Length 
(snout to paddle)

	
10-12 feet

	Axillary Girth 
(just below flippers)

	
7.2 feet

	Umbilical Girth (around the belly button)

	
8 feet

	Penduncal Girth 
(the base of the tail where it meets the body)
	
5.4 feet

	
Weight

	
1,500-1,800 lbs


			Table 8: Measurements for an average sized adult male manatee 						http://www.ri.net/schools/West_Warwick/manateeproject/Maps.htm						http://www.defenders.org/florida-manatee/basic-facts




	

[image: ]
Two samples of the water color from figure 37.



Two samples of the manatee color from figure 37.
	

	
	Sample on Left
	Sample on Right
	Average

	Water Hue
	122
	119
	121

	Water Lum
	94
	114
	104

	Manatee Hue
	139
	139
	139

	Manatee Lum
	96
	99
	98

	Avg. difference in hue between water and manatee
	18

	Avg. difference in luminance between water and manatee
	6




	

From fig 28:  The two asphalt colors on top and bottom.  The three shades of car make up the strip in the middle.
	Average
Asphalt
	Light
Car
	Difference from Light Car and Asphalt
	Medium
Car
	Difference from Medium Car and Asphalt
	Dark
Car
	Difference from Dark Car and Asphalt

	Hue
	137
	38
	172
	147
	10
	142
	5

	Luminance
	98
	185
	20
	177
	79
	35
	63


Table 9:  A comparison of hue and luminance for the parking lot image (fig 28) taken from 900 ft and the image of countable mantaees (fig 37.)  





	
	Altitude 
(ft)
	GPS Ground Airspeed (kts)

	Tim’s Ford-TECO
First Pass
	588.016
	125

	Tim’s Ford-TECO
Second Pass
	608.141
	108

	Tim’s Ford-FPL
First Pass
	557.602
	114

	Tim’s Ford-FPL
Second Pass
	578.539
	98

	Tim’s Ford-FPL
Third Pass
	664.440
	120

	Tim’s Ford-Three Sisters
First Pass
	616.731
	113

	Tim’s Ford-Three Sisters
Second Pass
	611.552
	114

	Tim’s Ford-Three Sisters
Third Pass
	600.046
	102



















Table 10:  Airspeeds and altitudes at test points for Flight Test 2 over Tim’s Ford.
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