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ABSTRACT (s)

ABSTRACT

(S) The effects of alrcraft roll on ground locked electro~optical
sensors has been investigated with emphasis on the detection and acqul-

o
sltion phases of the mission. It was found that roll rates up to 5 /sec

were generelly acceptable.

PROBLEM STATUS

This report completes the work in this phase of the problem.

AUTHORIZATION

NRL Problem 53D01-03.318
AIR A05-510-151/652-1/W1L1-63-000
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PRECIS
SUBJECT: Effects of Aircraft Roll on Target Acquisition Using

Electro-Optical Sensors
Background:

(S) The Naval Research Laboratory is participeting in the Trall Roads Inter-
diction Multi Sensor (TRIM) program in which the night attack capabilities of the
A-6A Intruder Aircraft are enhanced with electro-optical sensors. Previous expe-
rience being applied to this program 1s NRL's past contributions to the develop-
ment uf the F-LUB, F-8U, F-2A, and F-111 weapon systems.

Findings:

(8) This report is specifically concerned with the effects of aircraft roll
on ground locked electro-optical sensore during the target detection and acquisition
phases of the mission. The analysis shows that for a low light level television
(LLLTV) system, moderate roll rates up to 5°/sec are generally acceptable. Rates
of 15 to hso/sec tend to make target detection and acquisition extremely difficult
it not impossible. The resolution degradation due to roll is negligible for the
forward looking infrared (FLIR) system.

R & D Implications:

(U) Translational and rolling motions of an aircraft tend to generate image
smear in a LLLTV system. This is due to inability of the system to reduce image
retention from one frame to the next as a result of phosphor persistence. Investiga=-

tion of techniques to reduce image retentlon should be conducted.
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Becommended Aectiun:

(&) In view of the finding that roll rates in excess of 5L/sec tend to
rroduce unacceptable TLLTV presentatlions, it Us recommended that tactles be
developed to reduce ailrcraft roll during the target designation and acqulsition

phases of the TRIM missioun.

e

-
- . T

Clair M., Loughmiller
Head, Tactical Analysis
Gaction
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1.0 INTRODUCTION

(C) * & Navy, in its Trail Roads Interdiction Multi-Sensor (TRIM) program,
is enhancing the night attack capabilities of the A-6A Intruder airecraft with
electro-optical sensors such as Forward Locking Infrared (FLIR) and Low Lighl Level
Television (LLLTV). These electro-optical sensors will be used first in target
detection and acquisition phases of a mission. 1n these phases, *h: bombardier/nav-
igator (B/N) has to positively detect and acquire the target of interest while the
aireraft is meneuvering to follow a roed or waterway. During these maneuvers, the
aircraft undergoes a rolling motion which tends to degrade the rescluticn of the
electro-optical system, thereby reducing the B/N's ability to acquire the target.
Therefore, it was necessary to analyze the effects of roll on target acquisition
to determine if the electro-coptical sensors should be roll stabillized.

(C) This report presents a rough analytical celculation comparing the per=-
formances of two systems:

System 1 - ground-lock stabillzed and roll stebilized.
System 2 - ground«lock stabllized but not roll stabilized.

In these systems the B/N has the ability to lock his electro-optical sensor on a
point on the ground while he is searching for a target. System 2 is currently
scheduled for installstion and use in the A-6A TRIM aircraft.

(C) Only the acquisition phase is considered in this analysis since the
effects of aircraft roll will be most pronounced during this phase. Once the tar-
get hes been acquired and the tracking phase initiated, the B/N should have enough

cues to mentally filter out the blurring effects caused by roll.
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Detectlion and acquisition, as used in this analysis, are defined as follows:

Detection - The B/N f%rst becomes awarzs of an lmage on hls CRT display.
% Althoush unable to idéntifv the lmamge. he suspects the image might bve a
target of interest. When the target occurles five lines of resolution, a
detection is assumed to occur.*
Acquisition - The B/N definitely identifies the image as a target of interest.
When the target uvccupies eight lines of resolution an acquisitlion is assumed
to occur. ¥
Typical parameters describing the aircraft motion are glven in Table 1.

Table 1 (U)
Parameters Describing Aircraft Motion
Aircraft Velocity - 350 Knots

Alrcraft Altitude - 3000 Feet

Roll Roll Rate (deg/sec) Roll Angle (deg) :

Mild 1 1
General 5 p)
Severe 15 15
Extreme 45 L5

2.0 DESCRIPTION OF TACTICS CONSIDERED

(C) 1In a typical TRIM mission, the aircraft will be following a rcad or waters-
way in search of a target. When the B/N detects something that might be a target,
he centers it on his display with his slewstick. The computer then calculates tar-
get positlon and points the tracking radar antenna to this position. The point on
the ground within the 1° beam width of the radar that gives the highest return, will

then be tracked by the radar and the electro-optical sensors.

¥ The Justification for these assumptions is given in Section L.

2 SECRET




SECRET

The B/N then tries to acquire the target with the electro-optical sensors in the
| ground-locked mode.

(1Y MhA PATY Aved s 4 ovmm s aaa
LR o 1Z re

~ ~n v Am +mn ~adm
i L e T Al AL AR W “ [ O

1. The aircraft will fly at a constant altitude and velocity.
2. The roll rate remains constant during all rolling maneuvers.
3. The targets will be Lrucks which are 20 feet long, 10 feet high and 10
feet wide.
4. The targets will be motlonless on roads directly along or parallel to
the flight path.
5. The tracking radar will lock onto the target along or nearest to the
flight path and this target will remain centered in the azimuth and elevation
field of view (FOV) of the sensor. There will be no attempt to degrade system
performance due to ite inabllity to keep the target centered in the FOV of the
sensor. Targets which are not along or nearest the flight path, will simu-,'
: late the situation in which the tracking radar recelves the highest return
from a polnt on the ground other than the selected target.
(U) Four tactics will be used in this analysis. In Tactic A, the aircraft does
not roll, thus simulating a roll-stabilized mode. Figures 1-6 represent various
positions along the flight path during Tectic A. The targets are three trucks.
The first target is on a road directly beneath the flight path, the second is on
a road parallel to the flight path but offset by 250 feet, and the third is on a

road parallel to the flight path but offset by 500 feet. The offsets were chosen
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TARGET 3
TARGET 2
TARGET |
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n
(&)
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Ry = Slant Range From Alrcraft to Target 1

Ry = Slant Range From Aircraft to Target 2

POINT | Ry = Slant Range From Aircraft to Target 3

6A = Azimuthal Field of View of Sensor

FIGURE 1 -~ TARGET 1 IS DETECTED DURING
TACTIC A (U)
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TARGET 2

TAE\’GET | /

PATH Ry = Slant Range From Aircraft to Target 1
Ry = Slant Range From Aircraft to Target 2
R3 = Slant Range From Aircraft to Target 3
6A = Azimuthal Field of View of Sensor
POINT 2 =emee
FIGURE 2 - TARGET 2 IS DETECTED DURING

TACTIC A (U)
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POINT 3 ——e

FIGURE 3

TARGET 3

Ry = Slant Range From Aircraft to Target 1
Ry = Slant Range From Aircraft to Target 2
Ry = Slant Range From Alrcraft to Target 3
0A = Azimuthal Field of View of Sensor

TARGET 3 IS DETECTED DURING

TACTIC A (U)
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TARGET 3
TARGET 2
TARGET |

A/C FLIGHT PATH R = Slant Range From Aircraft to Target 1

R, = Slant Range From Aircratt to Target 2

R3 = Slant Range From Aircraft to Target 3

POINT 4 6A = Azimuthal Field of View of Sensot
———

FIGURE 4 - TARGET 1 IS ACQUIRED DURING
TACTIC A (U)
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TARGET 3
TARGET 2
TARGET |

A/C FLIGHT PATH

Ry = Slant Range From Aircraft to Target 1

Ry = Slant Range From Aircraft to Target 2

Ry = Slant Range From Aircraft to Target 3

OA = Azimuthal Field of View of Sensor
POINT 5=

FIGURE 5 - TARGET 2 IS ACQUIRED DURING
TACTIC A (U)
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A/C FLIGHT PATH
Ry = Slent Range From Aircraft to Target 1

Ry = Slant Range From Aircraft to Target 2

Ry = Slant Range From Aircrait to Target 3

POINT 6 HA = Azimuthal Field of View of Sensor

FIGURE 6 - TARGET 3 IS ACQUIRED DURING
TACTIC A (U)
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to insure that the targets would remain in the FOV of the sensor during most of
the tactic. It is assumed that the electro-optical sensor is locked on Target 1.
(MY Tn the fallowing discussion Pn renresents the cumulative probability of de-
tection of Target N. In Fig. 1, Target 1 is detected when the aircraft is at
Point 1 and Targets 2 and 3 have not been detected.

P, = 0.5; P2 < 0.5; P

1 3
In Fig. 2, Target 2 is detected when the gircraft is at Point 2, Target 1 has

< 0.5

been detected but not acquired, and Target 3 has not been detected,

.5 <P, <€1.05 P, = 0.5; P, < 0.5

3
In Fig. 3, Target 3 is detected when the aircraft 1s at Point 3, &and Targets 1

and & have been detected but not acquired.
0.5 « Pl <1,0; 0.5 < P2 <1.0; P, = 0.5

3
In Fig. b, Target 1 is acquired when the aircraft is at Point 4, and Targets 2

and 3 have been detected but not acquired.

P, = 1.03 .5 <P, < 1,05 .5 <P, < 1.0

3
In Fig. 5, Target 2 is acquired when the aircraft 1s st Point 5, and Target 1

has been acquired, and Target 3 has been detected but not acgquired,

P . < 1.0

1 2 3
In Fig. 6, Target 3 is scauired when the alrcrsft is at Point 6, and Targets 1

= 1.0; B, = 1.0 .5 <P
and 2 have been acquired.

Pl = l.O; P2 = loof P3 = l.o
(U) Tactic B, which is simller to Tactic A except the aircraft undergoes a

rolling motion, represents the situation in which the sensor is not roll
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stabilized, A simple model of aircraft roll was selected in which the roll rate
was expressed by the square wave shown in Fig. 7. Figure 7 indicates that in-
finite roll accelerations were assumed at the reversal points. The absolute
value of roll amplitude is set equal to the desired maximum roll angle ai the
reversal points., For example, a lo/sec roll rate implies a 1° maximum roll angle
at a reversal point. Likewise a h5°/sec roll rate implies a h5° maximum roll
angle at a reversal point. Figure 8 shows roll angle versus time corresponding
to the roll rate given in Fig. 7.

(U) Tactic C s a roll-stabilized mode similar to Tactic A except that the
targets will be off the aircraft 's flight path. Figures 9-1k show various posi-
tions along the flight path. Again the targets sre three trucks. The first tar-
get 1s on a road parallel to the flight path but offset a distance of 2500 feet,
The second and third targets are on roads parallel to the flight path but offset
at distances cf 2750 feet and 3000 feet respectively. The electro-optical sen=-
gor wlll egaln lock on Target 1.

(U) 1In Fig. 9, Target 1 is detected when the sircraft is at Point 1 and Targets
2 and 3 have not been detected.

Pl = Oas, P2 < 005‘ P < 005

5
In Fig. 10, Target 2 is detected when the alrcraft is at Point 2, Target 1 has

been detected and Target 3 has not been detected.

3
In Fig. 11, Target 3 1s detected when the aircraft is at Point 3, and Tergets 1

and 2 have been detected.

S < Pl <1l.03 .5« PE <1.0; P, = 0.5

3
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TARGET 3
TARGET 2

Ry = Slant Range From Airczaft to Target 1

Ry = Slant Range From Alrcraft to Target 2

Ry = Slant Range From Alrcraft to Target 3

POINT | weams

HA = Azimuthal Field of View of Sensor
AA = Azimuthal Cimbal Angle of Sensor

FIGURE @ =~ TARGET 1 IS DETECTED DURING
TACTIC C (U)
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TARGET |
TARGET 2
TARGET 3

250’

Ry = Slant Range From Aircraft to Target 1

R, = Slant Range From Aircraft to Target 2

Ry = Slant Range From Aircraft to Target 3

: POINT 2 -mume 6A = Azimuthal Field of View of Sensor
AA = Azimuthal Gimbal Angle of Sensor

FIGURE 10 -~ TARGET 2 1S DETECTED DURING
: TACTIC C (U)
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TARGET |
TARGET 2
TARGET 3

A/C
FLIGHT

Ry = Slant Rénge From Aircraft to Target 1

R, = Slant Range From Aircraft to Target 2

R3 = Slant Range From Aircraft to Target 3

6A = Azimuthal Field of View of Sensor
A = Azimuthal Gimbal Angle of Sensor

FIGURE 11 - TARGET 3 IS DETECTED DURING
TACTIC C (U)
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POINT 4

FIGURE 1.2

TARGET |
TARGET 2
TARGET 3

Ry = Slant Range From Aircraft to Target 1

R, = Slant Range From Aircraft to Target 2

Ry = Slant Range From Aircraft to Target 3

fA = Azimuthal Field of View of Sensor
AA = Azimuthal Gimbal Angle of Sensor

TARGET 1 IS ACQUIRED DURING
TACTIC C (U)
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TARGET 3

A/C
FLIGHT
PATH
R = Slant Range From Aircraft to Target 1
R; = Slant Range From Aircraft to Target 2
POINT 5 mme Ry = Slant Range From Alcralt to Target 3
6A = Azimuthal Field of View of Sensot
M = Azimuthal Gimbal Angle of Sensor
FIGURE 13 - TARGET 2 IS ACQUIRED DURING

TACTIC C (V)
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TARGET |

TARGET 2

/ TARGET 3
A/C
FLIGHT
PATH
Ry = Slant Range From Aircraft to Target 1
R, = Slant Range From Alrcraft to Target 2
POINT € ===
Ry - Slant Range From Alrcraft to Target 3
OA = Azimuthal Field of View of Sensor
AA = Azimuthal Gimbal Angle of Sensor
FIGURE 14 - TARGET 3 IS ACQUIRED DURING

TACTIC C (U)
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In Fig. 12, Target 1 is acquired when the aircraft is at Foint 4, and Targets 2

and 3 have been detected but not acgquired.

Fo = 1.0; U.0~F.«1.0; 0.5<F & 1.0

1 e 3
In Fig. 13, Target 2 1s acquired when the aircraft is at Point 5, Target 1 has

been acquired, and Target 3 has not been acquired.

1
In Fig. 14, Target 3 is acquired when the alrcraft is at Point 6, and Targets 1

P =1.0; P2 = 1.0; 0.5¢ P3Q'l.0

and 2 have bean acquired.

Pl = 1.0; P2 = 1.0; P3 = 1.0
(U) Tactic D is similer to Tactiz C, except the alrcraft undergoes a rolling
motion as illustrated in Fige, 7 and 8. Therefore, Tactic D represents the case
for large target offsets with no roll stebillization.

3.0 THE EFFECTS OF MOTION ON TV RESQLUTION

(U) When a moving scene is viewed with a TV system, the image is smeared
resulting in a loss of resoluticn. The extent of smear depends upon imege vel-
oclty, system characteristics, and the nature of the viewsd scene, The modula-
tion given by Trott (1] for the resoclution of a bar pattern experiencing linsar

motion as!

y w 4inrx 1)
™

where, Y = nodulation (Dimensionless)
X = cycles of linear motion per integration intsrval

Modulation as defined here is a function of imege cmear due to motion. The image
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smear tends to reduce system resolution by the relationship:
(System resolution before motion) (Modulation) 2)

= (System resclution atter Motion)
(1) During an image motion equal to a bar spacing, (1) indicates a total loss of
resolution. Huwever, for an irreguler pattern, as represented by en isolated tar-
get in a cluttered background, the resolution does not actually go to zero at mo-~
tions equal to one resolution element. In fact, studies by Spink [2], of aerial
photographs viewed with varlous magnitudes and frequenclies of vertical lineer mo-
tion, show that image motion does not appreciably affect resolution until the ex-
cursion exceeds 4 TV lines per frame. Even when the excursions were considerably
gregter than ! lines, targets were observed, However, size and contrast reguire-
ments lncreasse as image excurslons per frame increasse to the limlt of comforteble
visual tracking.
(U) It is apparent that (1) is rather pessimistic for an isocleted target since it
euts off sharmly at motion equal to one resolution line. A more realistic relation

ship for iscleted targets, with linear and oscillatory motion as given by Donelan
(3], is:
& 2
Y = é d/. cos  x dx 3)

Imege Motlon per Integration Time
Image Size

where,

g =

It is seen from (3) that the image width for comstant exposure time varies inverse-

ly with Y since Y 1ls a measure of resolution.
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(U) When the target is considered as an isolated point with & cos2 x distribution,
which decreases in amplitude in proportion to its velocity until lost in noise when
moving in the image field. the real datertion nrahlam af discerning a tarset with
some contrast out of the basic noise level of background clutter is more nearly
synthesized. The greater the motion of the target, both oscillatory and linear,
the more nearly it approaches the level of the background. It is assumed thet the
target 1s of good contrast with its surroundings and that the system hes & rela-
tively good signal-to-noise ratio. There are conditions in which both of these
assumptions are invalid but their consideration in this study would be an unnec-
essary complicetion.

(U) The cos® x considerations compare favorebly with the work of Trott [1] in his
study of the effects of linear and vibratory image motlion on the resolution of aer=-
ial cameras. Thus, it appears 1o be both expedient and accurate to utilize the
cos® x relationships when consldering the effects of aireraft roll on image resolu-
tion., By allowing the image size to vary from the minimum resolvable image to the
full picture size, the modulation may be plotted as a function of target motion.
Using (3), this relationship is plotted in Fig. 15 in which the image size is tagged
as the width of a resolution element since it was assumed that target size was al-
ways equal to the width of a resolution element.

(U) The system transfer function describees the ability of the LLLTV system to re-
spond to a range of input frequencies. Coltman [4] has shown that image properties
pay be specified by response measurements to sine wave inputs. Futhermore, this
sine wave respense may be calcoulated from bar pettern data. Thus, through labora-

tory tests, a response curve for the TV system determines the static characteristics.
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FIGURE 17 - RESOLUTION DEGRADATION DUE TO LINEAR MOTION FOR
LLLTV SYSTEM, 1/6 SECOND INTEGRATION TIME (U)
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response for a 100 line system resolution due to a mohion degradation of 10
lines/frame as plotted or Fig. 17 is given by:

Aperture Kesponse = (U.(39) (WU.143) = U.100 (Dimensionless) 3)
Similar calculations were made to generate the family of curves given on Fig. 17.
(U) Pigure 18, which is a plot of lines of motion per frame versus the apparent
resolution in TV lines, is calculated from Fig. 17. An aperture response of 5%
was chosen, and the various TV resolutions for the corresponding values of image
motion were taken from Fig. 17 and plotted on Fig., 18.
(S) Pigure 19 is & plot of Apparent Lines on Tavget versus Resolution Lines on
Target. TFlgure 1G was generated by the followlng equation:

Apparent Lines X 290 = Resolution Lines
Apparent Resolution 10)

wvhere,
Apparent Lines - lines on target after conslderation of motion.
Resolution Lines = lines on target before considering motion.
Aprerent Resolution - apparent system resolution is 5390 lines.
Note: At 5% aperture response; resolution is 590 lines,
(C) Actual flight test data from LLLTV systems [6] has shown that the minimum de-
taction level (Pd e 0.5) for a high contrast stationary target is about five lines,
while acquisition (Pa = 0.95) occurs at eight lines. From such tests, & curve of
probability of detection as & function of lines on target was developed and plotted
in Flg. 20. This curve ls used to determine the probabllity of detection as a func-
tion of apparent lines on the target and the slant range to the target.

(U) To completely describe the detectabllity of targets during aircraft maneuvers,
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it would be necessary to describe the contrast of the target with respect to its
background, scene illumination, illumination angle, te:rain masking, atmuspheric
distortion, degradation, and other factors which affect viewing either with an
electro-optical sensor or with the naked eye. These determinatlions are beyond the
scope of this study, and it has been assumed that the target has high contrast with
no obstructions or degradations. A comparison of maneuvering and non-maneuvering
situations under these ldeal conditions will permit a reasonable assescment of the
problem under other conditions.

L.0 DERIVATION OF EQUATLIONS

(U) Consider an aircraft flying at a constant velocity and altitude with an
on=board electro~optical system searching the ground below for a fixed target.
Assume further that the aircraft can roll about its velocity vector, while a fixed
point on ground is tracked in azimuth end elevation but not in roll.

(U) A simple imaging optical system, representative of the sensor optics, is
shown in Fig. 21. Polnt P, an arbitrary pouint within the sensor's fleld of view
has coordinates Ri, RJ, and Rk. The i axis 1s along the boresight of the system
and the J and k axes form an orthogonal set on the display. The coordinates Ri,
RJ and Rk may be related to the range and display coordinate (A, E) of the point
P on the ground.

(U) Figure 22 shows the aircraft and electro-optical tracking system geom-
etry. AE and AA represent the gimbal angles in elevation and azimuth, respective-
ly, of the electro-optical system with respect to point 0 on the ground, A and E

represent the azimuth and elevation coordinates of Point P on the display.

(U) The point O has coordinates X, ¥ and Z with respect to the aircraft.

3l SECRET
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The pouint P is

V. Therefore,

X(t) = Xo
¥(t) - Yo
Z(t) = Zo

(U) The range

displaced by X, ¥ from point O,

The aircraft velocity is equal to

the coordinates of point O at any time, &, are given by:

-Vt

11)
12)

13)

to Point O in a cocordinate system along the electro-optical bore-

sight axis is given by:

Ro

0

n

O-—
where,
[ a1 =

[AE] =

(4] =

‘]

(a0 Dagl 181 |
2
Cos AA Sin AA 0
=3in A Cos A 0
o o g
" Cos A SinA_ |
Cos . 0 in B
0 1 0
__?in XE 0 Cos kmi_
1 0 g
0 Cos # 68in @
0 «8in f Cos §

Roll Angle of the Alircraft

14) is inverted to cbtain:

=1
[ AE]

-1

[ ] o= [#)|Y

A

1k)

15)
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Expanding 15) and simplifying:

Tan x = Y Sin P - 2 Cos @
E X
Sinx = YCos@+238ing
A R
[=]
R = (xe+1f"+z.2)é

The range, Rp, to point P with coordinates X + 4X, ¥ + AY, Z is given by:

R X + AX

P

o |= [B] [A] [0 [ag] (8] |¥+ ax

0 Z _
Where!

Cos E 0O <~Sin E

[E] =} 0 1 0

Sin E 0 Cos

E
—
Tos A SinA O]
0

[A] =|=3in A Cos A

0 0

‘I—‘

19) is inverted to cbtain:
R X+ AX |
(A1 (2] |o |= [M]|Y+ ay
Lo z

- a—— -
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16)

17)

18)

19)

20)
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The angles subtended by the target on the display in azimuth and elevation respec-
tively are determined by differentiating 20) with respect to A and E as a function

of X, Y, and Z. This yields:

—_ —_— -
- (5in E Cos A) AE - (Cos E Sin A) AA X,
R |- (Sin ESin A) AE + (Cos E Cos A) AA = [M] v, 37)
- Cos E AE ' ; Z‘t
— —— - 'a—— w—
Where:
X, = the size of the target in the X-direction
Yt = the size of the target in the Y-direction
. the size of the target in the Z-direction
i
teplirelng A7)
A\ fv (e o+ [ Y +|M / Cos E
‘l J 3 l J‘_' t ‘ 33|Zt]
. i
iMoo o+ MY )2 + (M 2 )2] 2
A 3t 33 t
cos E 38)
L
v . (0 ¥)2 + (1 2z )% - (sin E Sin A AE)?)Z 39)
R STt 23 t

Cos E Cos A

nothe target in azimuth and elevation is then given by:
S0 i 40)
ORI h1)

othe target in azimuth
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NIE = number of lines on the target in elevation
9A = field of view in azimuth
aE = field of view in elevation
NA = resolution {in lines) in azimuth
NE = resolution {in lines) in elevation

The nuwrber of lines of target motion per frame time in azimuth and elevation

is given by:
VTA = A NA FT )4-2)
aA e
VIE = ENE FT ' 43)
Og
Where:

VIA = lines of target motion per frame time in azimuth
VIE = lines of target motion per frame time in elevation
FT = frame time

5.0 SAMPLE PROBLEM

(U) The calculations to relate the probability of acquisition of a ground
target to image motion may be demonstrated by & sample problem. From 40) and
L1), the number of TV raster lines subtended by a representative target were

calculated as a function of range and plotted on Fig. 23 which assumes three

targets offset at distances of 0, 250 or 500 feet respectively from the aircraft

ground track and that the electro-optical sensor tracks a polnt on the flight

%0 SECRET
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path at the same range as the first target. The data shuwn in Fig. 23 were
calculated for Tactics A and B which were described earlier. For this sanple
cowme o LLLTV systicin Lo supluyed and the target ol interest 1s
offset a distance of 250 feet from the flight path. From Fig. 23, it is ob-
served thai the target subtends 28 raster lines at a range of 5,000 feet.

(8) From 39), the target motion in TV raster lines per TV frame time was cal-
culated and plotted in Fig. 24, which represents the maneuvers of Tactic A. At
a range of 5,000 feet, phe imege motl.n is determined to be 3.3 lines/frame time.

Figure 25, which relates TV raster lines to TV resolutlon lines, is generated by:

Raster line

]

%;; Resolvable line LL)
A%

Nute: System Resolution = 875 lines
System Resolution at 5% Aperture response = 590 lines

(5) The raster lines subtended by the target, and the imege moution in raster
lines per frame time, can be related to system resolution lines and resolution
lines/frame time respectively by employing Fig. 25. As an example, at a range
of 5,000 feet, the target subtends 19 resolution lines, and the image motion in
resolution lines per frame time is determined to be 2.25 lines as shown on Fig. 25.
(8) Figure 18 relates lines of image motion per frame to apparent resolution in TV
lines. Therefore, for an image motion of 2.25 resolution lines/frame time, the
apparent TV resolution is reduced to 345 lines. Figure 26 shows the apparent
system resolution as a function of range for Tactic A, It was derived from

Figs. 18 and 2k, Figure 27, which relates the apparent nurber of lines on the
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Larget to the range takes inlo accounl the rasolution degradation due to image
motion. [t was generated from 45) usuing the duta from Fig. 17, 10 and 26, ;
; Apparent Tines on Target

Apurrent iV Resolution x Resolvable Tines on Target 45) ‘?
TV Resolution al 5% Response

From Fig. 27, it can be secn that the number of apparent lines subtended by the

vargel, at a range of 5,000 feet 1s reduced to 1l.1 lines. 3
() Figure 20 showed the cumulative probability of acquisition as a function of ;
the number of resolution lines subtended by the target. Figure 28, which relates 1
the cumuilatlve probability of delectlen to range was derived from Figs. 20 and 27. |
From ig., 28, it is ovbserved that at a range of 5000 feet, the probability of tar=
gel acqulsltion is 1.0 for the target offset at 250 feet.

(U) ‘'The abuve explanation indlcates the procedure involved in developing the data

i

- shown 1n Section VII, the final output being the cumilative probability of target

detection as & function of range.

6.0 RESULTS
(U) Plotg of resolution degradation due to aireraft motion for Tactic A are given !

in Figs. 23-28. Flgures 2934 relate target motion to resolution degradation for

Ll n

Tactic B, Flgures 35 und 36 are plots of the cumulative probability of detection
versus range for the various roll rates and target offsets defined by Tactlic B.
Flgures 37-40 decerlbe resolution degradation for Tactiec C, while Fig. 41 presents

plots of the cumulative probability of detection for Tactle C. The resoclution dege-

rudatlion plots for Tactlic D are glven in Flgs. 42-47, while the cumulatlve probe
abllity plots for Tactic D arc giver in Figs. 48-49,

(U) Tn the figures llstcd sbove, it was assumed that the sensor was locked onto
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a target centered in its fleld of view, The only resolution degradation of this
target due to the roiling of the aircraft would appear about the edges of the
target, 7This degradation was Iound tO be small, and was neglected.
(U) Target detection ranges, R , and target acquisition ranges, R , were
DET ACQ

determined from Figs. 28, 35, 36, L1, 48 and U9 for Tactics A, B, C and D respec-
tively and listed in Table 2. Detection was assumed to occur at a cumulative
probabllity of 0.5, and acquisition was assumed to occur at cumulative probability
of 0.95,
(U) The resolution degradation due to motion was also investigated for the FLIR.
Since the FLIR is not an integrating system, it was believed that the resclution
degradation would be negligible. In fact, the only integrsating portion of the
system 1s the eye. An sxtrame tactle was investigated for the FLIR to verify that
the resolution degradation is small.
(U) Similar calculations were performed for the FLIR as were performed for the
LLLTV. The results of these calculations for an aireraft executing the maneuvers
of Tactic D appear in Figs. 50«53,
7.0 CONCLUSIONS

1) (U) It is observed, from Teble 2, that the targets in Tactics C and D,
which have large offsets from the flight path generally have larger detection
ranges than the targets in Tactics A and B, which are along the flight path.

(As the aircraft approsches the target in Tactics C and D, high angular

line of sight rates tend to degrade the image resolution faster than in

Tactles A and B. Therefore, this increased resolution degradation tends
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t0 nullify the advantage of increased image size which occurs at larger

target offsets.)

2) (U) Detection and acquisition ranges for the targets locked in the center
of the electro-optical seneor's field of view ere the same for the roll-stabilized
and the unetabllized cases.

(The only resolution degradation due to aircraft roll in the unstabllized cese

is about the edge of the target. This degradation was found to be small and

subsequently neglected.)

3) (S) Tergets offset from the ground lock point are extremely sensitive to
aireraft roll.

(Moderate roll rates up to 5°/sec are generally acceptable depending on the

type of ailr to ground weapons'used. However, the more excessive rate of 15

to hso/sec tend to meke target detection and scquisition extremely difficult

if not impossible.)

4) (U) The resolution degradation due to image motion 1s negligible for the
FLIR, Thie 1s shown in PFlg. 53 vwhich is & plot of cumulative probebility of detec-
tion versus range. A roll-stebilized case of Tactic C is compared with a h5°/sec
roll rate in the non roll-stabilized Tactic D.

(8) Scme caution should be exercized in interpreting the data given here. The
extreme case of resolution degradation due to roll has investigaeted in this anal-
ysls, since in order to simplify the calculations, it was assumed that the friendly
aircraft rolled continuously during the target detection and scquisition phases of

its mission. It was also assumed that the targets initially offset from the ground
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lock point would remain therve. In reality, the B/N has the ability to update
ihe system, and he will convinually witempt Lo kewp the targel cluse to lhe
center of the sensor's field of view.
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