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PREFACE

This report was prepared by the New Mexico Engineering Research Insti-
tute, University of New Mexico, Box 25, University Station, Albuquerque, New
Mexico 87131, under contract F29601-76-C-0015 with the Air Force Engineering
and Services Center, Tyndall Air Force Base, Florida 32403. The work des-
cribed here was performed at the Eric H. Wang Civil Engineering Research
Facility, Kirtland Air Force Base, New Mexico.

This report consists of two volumes. This is Volume II, which sum-
marizes work done between 14 June 1979 and 30 November 1980.

This report has been reviewed by the Public Affairs Office (PA) and it is
releasable to the National Technical Information Service (NTIS). At NTIS, it
will be available to the general public, including foreign nationals.

The findings and recommendations in this document are not to be construed
as an official Department of the Air Force position. The use of trade names
in this report does not constitute an official endorsement or approval of
commercial products. This report may not be cited for purposes of adver-
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SECTION 1
INTRODUCTION

OBJECTIVE

The objective of the effort documented in this report was to develop a
system that would locate and identify runway damage resulting from an attack
with conventional weaponry and select the 5000-foot by 50-foot section of
runway that could be repaired most rapidiy. The system had to be capable of
operating in a hostile postattack environment in which unexploded ordnance
and chemical and biological hazards may be presént. The goal was a system
that could complete the reconnaissance, data analysis, and repair area selec-
tion within 30 minutes.

SYSTEM OVERVIEW

The Damage Assessment System (DAS) developed consists of two major sub-
systems: an airborne Flight Sensor Package (FSP) and a ground-based, comput-
erized Image Analysis System (IAS). The FSP consists of an electronic line-
scan camera, a magnetic tape recorder, and conditioning electronics. The FSP
is carried by an aerial reconnaissance vehicle. The IAS consists of a mini-
computer system host, bulk data storage disks, an interactive digital image
processing system, an input data interface, multiple terminals, a printer-
plotter, and a hardcopy recorder.

The system functions in the following manner. After an attack, the FSP
is carried aloft by the aerial reconnaissance vehicle. The aircraft makes a
Tow-level pass over the damaged pavements while the signal from the electronic
camera is recorded. The aircraft lands, and the recorded data are transferred
to the IAS storage disks. The minicomputer processes the imagery data and
presents the operator with a low-resglution image on the digital image-
processing system. The operator interactively identifies and classifies '
damages on the video display while the minicomputer accumulates the type, ‘
size, and location of the damages. The operator calls up high-resolution
images as required to complete the damage-classification process. A program
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is then run on the minicomputer to select a ranked set of damaged areas
requiring the shortest repair times. The commander, considering the available
manpower, equipment, materials, and access routes, then selects the area to be
repaired.

The hardcopy recorder provides an alternate method of locating and clas-
sifying damages. The data recorded by the FSP are transferred, by means of an
alternate path in the input data interface, to the fiber optic hardcopy
recorder. The recorder produces a continuous hardcopy image of the pavement
sirfaces. The damages are manually located, sized, and classified from this
image, and the iﬁformation is manually entered from a keyboard terminal to the
minicomputer. The data are then processed by the same repair area selection
software described above.

REPORT OQUTLINE

General background information, including types of damage to be expected
and the methods used to calculate repair times, is presented in Section II.
In Section III the DAS developed under this subtask is described in detail.
Development of the various components in the DAS (including conceptual designs
and tradeoff analyses) and testing of the system are discussed in Section IV.
Section V describes the field demonstration of the system held at Kirtland
Air Force Base, New Mexico, as well as the results of this demonstration. In
Section VI conclusions and recommendations for modifications to the system
during prototype development are presented.




SECTION I1I
BACKGROUND INFORMATION

GENERAL BACKGROUND

The dependence of modern jet aircraft on high-quality airfield surfaces
makes the airfield runway a high-priority target. The probability of attack
or vulnerable airfield runways is further increased by the United States Air
Force (USAF) policy of using hardened aircraft shelters., At present, the USAF
has no system for rapidly locating and evaluating the magnitude of the damage
that would result from an enemy attack, with conventional weapagnry, on runway
surfaces. The purpose of the effort documented in this report was to develop
a system for concept verification that could rapidly assess the damage to run-
way surfaces after an attack and select from the damaged pavements the minimum
cperating strip (MOS) that could be made operational in the shortest time.

The parameters that affect the damage assessment process, the Timitations
placed on the DAS, the types of damages anticipated, the development of equa-
tions for estimating damage repair time, the evaluation of damage assessment
methodologies, and the conceptual design of the DAS selected for develbpment
by the USAF are discussed in detail in Volume I of this report. For the
reader's convenience, several of these topics are summarized in this section.
Additional background material is also presented.

Several parameters have a bearing on any assessment and repair effort:

1. The large pavement areas that must be examined for damage.

2. The quantity of data that must be reduced.
The difficulty of accurately determining the type and magnitude of
damage.

4, The time required to repair various types of damage.
The time required to clear the area of unexploded ordnance.

6. The possibility of encountering unexploded ordnance that cannot be
removed.

7. The distance and access time from the aircraft shelters to the selec-
ted repair area.

8. The proximity of construction materials to the selected repair area.




The DAS must deal with these parameters in order to determine accurately
the best area for repair.

When the New Mexico Engineering Research Institute (NMERI) began this
effort, the following Timitations were placed on the system:

1. Must function independently, without relying on other base facili-
ties.

Must not exceed 30-minute maximum,

Must use limited manpower and simple equipment.

Must not employ electronic cameras.

Must not require sensing devices,

Must not require elevation or optical monitoring equipment.

Must not employ computers.

0 N O 0w N

Must function in adverse environments.

Research was conducted for approximately three months as NMERI personnel
attempted unsuccessfully to devise a system that met all of the constraints.
NMERI then presented to the USAF a briefing that demonstrated seven systems
that had been investigated in detail, none of which conformed to all of the
limitations listed. Consequently, the criteria were changed so that only two
constraints were placed on the proposed system. First, the system should be
capable of locating and assessing the magnitude of the damage and selecting
the repair area in the least possible time. Second, the system should be as
simple as possible consistent with the time constraint imposed for selecting
repair areas. Under these new guidelines, the time requirement was considered
to be the single most important variable in the selection of the most effec-
tive system. NMERI recommended a system based on an airborne linear CCD-array
etectronic camera and a ground-based, computerized, interactive image-
processing system. The conceptual design of this system was accepted by the
Air Force Engineering and Services Center (AFESC), and development of a con-
cept verification system was authorized.

DAMAGE DEFINITIONS 1

The research conducted under this effort was based on an assumed enemy

attack in which conventional weapons would be used. Table 1 lists the number




TABLE 1. DISTRIBUTION OF DISCRETE DAMAGES

Percentage
Number Type of Damage of Total
62 Spalls (large enough to require repair) 50
4 Unexploded Ordnance (not including anti- 3
personnel mines)
15 Large Craters (36-foot-diameter or greater) 12
K} Small or Intermediate Craters 25
9 Camouflets (with pavement upheaval) 7
4 Camouflets 3
125 100

and types of damage resulting from a hypothetical enemy attack that were
assumed by NMERI in the evaluation and development of the damage assessment
system.

The quantity and types of damage that might be sustained by an airfield
pavement may vary considerably from those used in the design of the system,
but NMERI determined that the system should be capable of handling at least
this quantity of data. The quantity of damage represents approximately 1/40th
of the damage sustained, for example, at the airport in Cyprus during the
Greek and Turkish conflict of 1975,

The types of damage 1isted in Table 1 are grouped in four basic cate-
gories and are defined in detail in Volume I of this report. The four cate-
gories are reviewed briefly in the following paragraphs.

Type I damage is the standard crater. The diameter of a standard crater
may range from 3 to 4 feet for a small explosive head to 50 feet for a 750-
pound bomb. Generally the only dimensions that are readily distinguishable to
an observer are the apparent radius and the apparent depth.

T Y




Type 1I damage is the camouflet. A weapon that forms a camouflet pene-
trates the pavement--sometimes cleanly--and detonates at some distance below
the surface of the pavement in the subgrade. The result of the explosion is a
crater formed beneath the pavement. The pavement immediately surrounding the
port of entry of the explosive device may be undisturbed or moderately to
radically upheaved. The only parameter that is readily distinguishable by an
observer is the apparent radius of the camouflet.

Type III damage is caused by unexploded ordnance (UXO) that penetrate the
pavement and come to rest in the'subgradé without detonating. The diameter
of the port of entry is a direct indication of the size of the explosive head
of the weapon. In order to distinguish a UXO from a camouflet, the cavity
created by the weapon may have to be closely examined.

Type IV damage is the surface spall. A surface spall is defined as a
rupture in the pavement surface that does not penetrate to the subgrade.

During the development of the DAS, the number of damage categories was
expanded to six so that unexpioded ordnance that did not penetrate the pave-
ment could be considered in determining the best MOS. The six damage types
recognized by the DAS are listed in Table 2.

TABLE 2. DAMAGE TYPES RECOGNIZED BY DAMAGE ASSESSMENT SYSTEM

Type 1 Crater

Type 2 Camouflet

Type 3 Spall Field

Type 4 Bomblet Field

Type 5 Surface Unexploded Ordnance
Type 6 Buried Unexploded Ordnance




The type 1 crater, type 2 camouflet, and type 6 buried UX0 Tisted in
Table 2 correspond, respectively, to the type I, type II, and type Ill damages
described in Volume I. The type 3 spall field corresponds to the type IV
spall described in Volume I, but the DAS identifies groups of spalls as a
single spall field with a field radius and number of spalls.

The type 4 bomblet field is a group of small unexpioded ordnance lying on
the pavement surface. Each bomblet is generally less than 2 feet long and
less than 6 inches wide. The field diameter and the number of bomblets are
observed quantities associated with the bombiet field.:

The type 5 surface UX0 is a single large piece of unexploded ordnance
that remains above the surface of the pavement. The maximum dimension of the
surface UX0 is the only observable feature considered by the DAS. Distin-
guishing specific types of bomblets, surface UXOs, and fuzing mechanisms and
determining clearance times were beyond the scope of this effort.

REPAIR EQUATIONS

During Phase 3 of the effort documented in Volume I of this report, NMERI
used dimensional analysis to determine a relationship between the area of the
moderately upheaved pavement (A), the weight of the explosive head (W), the
ultimate compressive strength of the concrete (fé), and the apparent radius of
the crater (R). Because there is a significant difference between the area of
moderately upheaved pavement that must be removed for expedient repair (AE)
and that which must be removed for semipermanent repair (ASP), separate rela-
tionships exist for each of the conditions. It is also necessary to distin-
guish standard craters from camouflets and to derive separate equations for
each of the various types of damage. The data used to determine the equations
were extracted from References 1, 2, and 3 and from tests on large craters
conducted by the U.S. Army Waterways Experiment Station (WES) and by the USAF
at Egqlin and Tyndall Air Force Bases. The data, the derivation of equations,
and the development of nomographs are documented in Section IV (Repair Equa-
tions) of Volume I of this report. The repair equations and nomographs are
also given here for convenience.




The areas of moderately upheaved pavement that must be removed for expe-
dient and semipermanent repair of craters are given in Equations (1) and (2),
respectively.

f!R? c
R? {: < ~L -1 c
W

(12.5 x 10°)]

fR? .
Asp = CR? 1n -13.12 (2)
W(12.5 x 10°) . _

The areas of moderately upheaved pavement that must be removed for expe-
dient and semipermanent repair of camouflets are given in Equations (3) and

-0.98 (1) '

p =
it

O
]

(4), respectively.

- ip2 ~1.124
o fIR ]
AE = R (3)
L}4(7.395 x 10°%)
£1R? 1 ~1e002
Asp = R - (4)
W(4.133 x 107)
- -
The repair time for a given area of upheaved pavement that must be
removed is given by Equation (5).
A 0.16
¢ = (59.9){ﬂﬂd (5)

The units for the variables used in Equations (1) through (5) are given
in Table 3.

TABLE 3. UNITS FOR VARIABLES IN REPAIR EQUATIONS

Variable Unit
A in?
] 32

fc 1b/1in

R in
t sec

W 1b

8




Late in the development of the DAS, AFESC provided crater repair time
estimates based on apparent radius of craters and on repair quality. Five
repair qualities were defined; these range from A (best quality, requiring
most repair time) to E (worst quality, requiring least repair time). Repair
qualities required for damaged areas located at various distances from the
start of the takeoff raoll are shown in Figure 1. When multiple damages occur
along the MOS, the spacing of the damaged areas must be considered in deter-
mining the quality of the repairs to be made. A minimum spacing between dam-
aged areas is determined from the air density ratio and the distance from
start of roll. If damaged areas are closer together than the minimum spacing
required, aone of them must be repaired to A quality. Figure 2 is a typical
spacing template for a density ratio of 1.0, developed by AFESC for use in tre
manual MOS selection procedure. The location of the first damaged area is
plotted along the equidistance Jine. The location of the second damaged area
is then plotted along a horizontal line through the first damaged area. If
the second area falls within the shaded portion of the template, an A quality
repair is required. The spacing criterion provided by AFESC is for an F-4E
aircraft. Repair time estimates used by NMERI for various apparent crater
diameters and repair qualities are given in Table 4, The original roughness
criteria development work is documented in Reference 4.

NMERI developed software implementing Equations (1), (3), and (5) to
determine crater and camouflet repair times. When AFESC provided crater
repair time estimates based on spacing criteria and repair quality, the soft-
ware was modified to use these estimates. Equations (3) and (5) were retained
for determining camouflet repair times.
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TABLE 4.

MINIMUM CRATER REPAIR TIME ESTIMATES

Apparent Time, min
Crater A B C D E

Diaﬁiter, Quality Quality Quality Quality Quality
10 180 150 115 105 80
20 200 170 135 125 100
30 215 205 175 175 150
40 250 245 225 220 200
50 290 275 255 255 205
60 350 330 300 300 215
70 410 385 355 355 230

12




SECTION III
DAMAGE ASSESSMENT SYSTEM

GENERAL DESCRIPTION

The DAS is divided into two main subsystems: the FSP and the IAS. The
FSP consists of an electronic line-scan camera, an airborne tape recorder, and
conditioning electronics. The sensor is a Fairchild CCD 1400-line scan camera
with a Vivitar 72.0 24-mm lens. The data link is a 14-track Ampex AR 1700
high-bit-rate (HBR) airborne digital tape recorder. The conditioning elec-
tronics consist of an A/D converter, an interface to the tape recorder, and
controls that start, stop, and control the data recording. The electronics
were custom-built to NMERI specifications by the Washington Analytical Services
Center (WASC) Division of EG&G, Inc. The FSP mounted in the test aircraft is
shown in Figure 3.

The IAS consists of a minicomputer image controller, an interactive image
analyzer system, bulk data storage disks, input data interface, a printer-
plotter, and a hardcopy recorder. The minicomputer image controller is a
Digital Equipment Corporation PDP 11/34A with dual RKO5 disks, an LA-36 ter-
minal, and two VT-100 terminals. The interactive image analyzer system is an
Interpretation Systems Incorporated Views I system. The bulk data storage
disks are two 80-megabyte (Mbyte) AMPEX DM 980 disks. The input data inter-
face was built to NMERI specifications by EG&G. The printer-plotter is a
Versatec 1110 A. The hardcopy recorder is a Tektronix 4633A continuous hard-
copy recorder. The IAS is shown in Figure 4.

A block diagram of the DAS, indicating data flow paths, is shown in
Figure 5.

FLIGHT SENSOR PACKAGE
Sensor

The sensor selected for the concept verification system was the Fairchild
CCD 1400 line-scan camera. The camera consists of a camera head and a control
unit. Both units are compact and lightweight. Specifications for the Fair-
child camera are listed in Table 5. This camera is commercially available.

13




Figure 3.

Flight Sensor Package Mounted in Test Afrcraft
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TABLE 5. GENERAL SPECIFICATIONS FOR MODEL CCD 1400
LINE-SCAN CAMERA SUBSYSTEM

Performance
Sensor CCD 121
Maximum Resolution 1728 elements, 0.51 millinch (13 um) center-to-

center spacing

Dynamic Range >200:1
Responsivity T6 V/ft cd s using a 2854°K tungsten source
Photoresponse +50 mV measured at 500 mV output level using
Nonuniformity - fixed gain setting

Saturation Exposure 0.06 ft cd s

Video Qutput

Analog 1Vpp video (75 Q)
Binary "I" = white; "0" = black (75 Q)
AGC Range 10:1
Data Rate 100 kHz to 10 MHz
Line-Scan Rate 80 Hz to 10 kHz
Exposure Time 12 ms to 100 us
Spectral Response Approximately visible response (CIE) (IR is

blocked by a built-in filter that can be
removed at the factory by special orders)

Input Power 105-125 Vac 50-440 Hz 0.1 A
210-240 Vac 50-440 Hz 0.05 A
Power Requirements Camera Control Unit
+15 vV 150 mA +15V 50 mA
-15 v 100 mA -15 v 60 mA
+5 V 350 mA +5 V 100 mA
+6V 50 mA
-6V 60 mA
Temperature (ambient) 0°C to 40°C (operating)
Physical Data Camera Control Unit
Size (without lens)
Width 2.6 in (6.6 cm) 12.0 in (30.5 cm)
Height 5.5 in (14.0 cm) 4.1 in (10.4 cm)
Length 6.0 in (15.2 cm) 8.0 in (20.3 cm)
Weight 1.7 tb (0.77 kg) 5.4 1b (2.45 kg)
CINCH DB-255 F179 CINCH DBC-255
Connector BNCs BNCs
Tripod 1/4 x 20
Mount Dovetail

Front faceplate, two 8-32 tapped holes

17




——y

Although it is not designed for airborne operation, it proved adequate for
testing and concept verification. A Vivitar £2.0 24-mm lens was attached to
the camera using a Universal to C-mount adapter. The sensor-lens combination
provides a ground resolution element size of 1.9 by 1.9 inches when operating
at an altitude of 300 feet, a ground speed of 70 knots, and a line-scan rate
of 730 Tines per second.

The sensor element of the Fairchild camera is a 1728-element Tinear CCD
array. A CCD array was chosen because of its high resolution, good sensitiv-
ity, zero waste data output, simplicity, ruggedness, and low cost. Early in
the development effort it was determined that the lighting requirement of the
CCD sensor, at the data rates dictated by resolution requirements and aircraft
speed, was evtremely high. Development of the concept verification system
using the CCD array continued with the understanding that the Tighting
requirements of the sensor would have to be drastically reduced in the proto-
type system. The reduction would be accomplished by using an image intensi-
fier with a CCD array or by using a different sensor.

For concept verification the camera was rigidly mounted over a vertically

oriented port in the floor of the test aircraft. The axis of the array was
fixed perpendicular to the roll axis of the aircraft and parallel to the
pitch axis., While the aircraft is in flight, the line-scan rate and data ;
rates are controlled by the EG&G conditioning electronics. Sensor exposure is
controlled by manually adjusting the lens aperture setting. An automatic gain
control (AGC) is available in the Fairchild camera, but it was not used exten-
sively during testing. The AGC sets the highest signal in each line scan
equal to the maximum signal output level and scales the rest of the signal
proportionately. This improves contrast for the purpose of visual inspection,

but it also produces a banding effect in the image that is detrimental to
automated image analysis.

Data Recorder

An Ampex AR 1700 HBR digital airborne tape recorder was selected as the
data link for the concept verification of the DAS. An airborne recorder was
chosen for reasons of reliability, simplicity of impiementation, and relative
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low cost and because the 1.5-MHz data rate of the sensor had to be reduced to
under 500 kHz for input to the IAS. The digital data format was required to
preserve the 200:1 dynamic range of the video data produced by the sensor.

The Ampex AR 1700 HBR system consists of an AR 1700 tape transport with
14-track record and reproduce heads and direct record and reproduce electron-
ics, 10 channels of HBR digital record electronics mounted in a separate air-
borne chassis, and 10 channels of HBR digital record and reproduce electronics
mounted in a separate ground chassis. The ground chassis also includes test
electronies. '

In operation, eight bits per picture element (pixel) of digitized video
data are recorded in parallel, one bit per channel, on the AR 1700. The video
valid signal from the Fairchild camera is recorded on the ninth channel, and
the HBR electronics uses the tenth digital channel for synchronization. All
digital data are recorded using the Miller® (Miller squared) code. In the
aircraft, tape speed is controlled by an external clock signal from the con-
ditioning electronics, which also controls the camera data rate and the
analog-to-digital converter. In the playback mode, the tape speed is con-
trolied by a clock signal from the data input interface, which reduces the
data rate by a factor of 4:1 to 375 kHz. For the DAS concept verification,
only one tape transport was acquired. Therefore, the airborne tape transport
must be removed from the aircraft and connected to the ground electronics for
playback. If two tape transports were used in the DAS, only the tape would
have to be transported,.

Conditioning Electronics

Conditioning electronics were developed for NMERI by EG&G to provide an
interface between the Fairchild camera and the Ampex AR 1700 HBR. The air-
borne electronics package was designated the AVD-1. The AVD-1 produces sig-
nals that control both the data rate and the line scan rate of the Fairchild
camera and the tape speed of the AR 1700. The video data are digitized to 8
bits per pixel by the AVD-1, and line and run numbers are inserted at the end
of each video line. The run number is set on the front panel of the AVD-1.
Data recording starts and stops are also controlled by the AVD-1. Figure 6
shows the data format produced by the AVD-1. Table 6 lis%s the various timing
signals associated with the AVD-1.

19




—

\ r—Bl;tZ:!s-‘ r—320 Bytes
Channel 9 OW J_} JL R I B
(Video Valid) , ! , | | |
]

Channels 1 8 o-—ooooooa'T rE?ZZZZZ SSSSSSSS:Z:ZZZZZZ% Tl!oooooooo—
(Data) pre-Record |Record| Video | Video | Video {Record IPost-Record

Analog Noise !Leader Data | Data | Data [TrailedAnalog Noise

1 Ltine 1 Line 1 Line

(a) Vvideo Data Tape Format

~Noo O — O U O~

NN N g <t < <

o —_——= QS &&K

Byte Number # > ] L
(Time +) o———Pixel Data-——*‘"é#—Aux Data——"‘LineJRun"—
- Number Number

(b) Scan Line Format

CH8 CH7Y CH6 CHS5 CH4 CH3 CH? CH 1
Bit 7 | Bit 6 | Bit 5| Bit 4 | Bit 3 |Bit 2| Bit 1| Bit 0

MSB LSB i

(¢) Byte Format f

MS Byte| Byte N + 1 Byte N LS Byte

f ’ (d}) Word Format

i Figure 6. AVD-1 Output Data Format

i 20




r

TABLE 6. AVD-1 TIMING SUMMARY

Camera Data Rate 1.5 M pixels/s
Camera Line Rate 732.4 lines/s
Pixels per Line 1728 video

314 blank

4 1line number (binary)
2 run number (BCD)

2048 total
Pixel Resolution 8 bits
Tape Record Speed 56 IPS
Record Clock 1.5 MHz
Digitizer Master Clock 6 MHz
ADC Conversion Rate Clock 1.5 MHz
ADC Conversion Time 75 ns

Carrier Aircraft and FSP Mounting System

A Cessna 180 modified for aerial photography was used as the carrier air-
craft for concept verification of the DAS. The flying characteristics of the
Cessna 180 are similar to those of the T-41, one of the aircraft originally
considered as a carrier for the FSP. Attempts to obtain a USAF H-1 helicopter
for testing and demonstration were unfruitful. The Cessna 180 is shown in
Figure 7. Ilodifications to the aircraft for testing purposes included the
addition of a 16-inch vertical camera port in the floor behind the front
seats, reinforcement of the rear floor, removal of rear seats, and addition of
batteries and electrical outlets in the rear compartment.

The FSP was mounted in the Cessna in three pieces (Figure 3). The Fair-
child camera was mounted rigidly over the vertical camera port. The AR 1700,
digital electronics, AVD-1, and camera control unit were mounted in a rack at
the rear of the cabin., (The AR 1700 can be removed independently of the other
FSP components.) An inverter to provide 115-volt AC power for the camera and
the AVD-1 was mounted under the passenger seat.
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Figure 7. Cessme 180
IMAGE ANALYSIS SYSTEM

Overview

The IAS developed by NMERI is essentially a computerized data-processing
system. Imagery data from the FSP are first processed to locate, size, and
classify damage to a runway surface. The damage data are then processed to
determine which MOS could be repaired in the least amount of time. The IAS
can be separated into two major subsystems: the Image Controller System (1CS)
and the Image Processor System (IPS). The ICS stores and controls the flow of
imagery and damage data through the IAS, performs large-scale manipuiations of
the imagery data, and processes the damage data to select an MOS. The IPS dis-
plays the imagery data and interacts with an operator to identify, locate,
size, and classify damages. Both the ICS and the IPS can operate as indepen-
dent, stand-alone systems. Each has its own central processing unit (CPU),
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memory, input/output (I/0) terminals, and software operating system. In the
integrated IAS, the ICS acts as the CPU for the IAS, and the IPS acts as a
terminal to the ICS. '

The hardcopy recorder, which produces a continuous hardcopy image from
the recorded imagery data, is discussed separately in this section. The recor-
der is not directly linked to either the ICS or the IPS and was originally :
intended only for sensor testing and evaluation. However, the recorder does

provide an alternate method for processing the recorded imagery data that has
been considered for use in a future DAS.

Specialized software was developed to perform the damage assessment and
MOS selection tasks required of the IAS. This software allows the IAS to
accept data from the data link; convert the imagery data to a more useful
format; transfer data and commands between the ICS and the IPS; and, on the
basis of the damage data, select the MOS requiring the least repair time.
Most of this software operates on the ICS.

System Operation

The recorded imagery data are transferred from the data 1ink to the mass
storage disks in the ICS. The transfer process is controlled by the ICS
minicomputer. The full-resolution imagery data are then compressed by a fac-
tor of 64:1 on the ICS minicomputer. In the compressed image, 16 by 16 pixel
areas of full-resolution imagery data are represented by a single pixel. The
low-resolution imagery data are transferred to the IPS in segments repre-
senting approximately 3000 feet of the scanned runway. An operator quickly
examines each runway segment on the IPS video displays. The operator inter-
actively marks reference features, runway edges, and areas to be examined at
full resolution and locates, sizes, and classifies damages on the low-
resolution image. This information is transferred back to the ICS. When the
operator has completed his examination of the low-resolution image, the areas :
marked for full-resolution study are transferred automatically from the ICS to |
the IPS. The interactive damage-identification procedure is then repeated on
each high-resolution image. When the damage identification has been com-
pleted, the operator starts the MOS selection program on the ICS. The MOS |
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selection program establishes a repair time for each possible MOS on the run-
way surface and determines the three best MOS in each take-off direction and
the three best bidirectional MOS. The program then prints a summary of repair
times, number and types of damage, and damage locations for each of the nine
MOS. From this summary, and after considering additional factors such as
access routes; explosive ordnance disposal (EOD) clearance times; and the
availability of repair crew personnel, equipment, and materials, the com-
mander selects the MOS to be repaired.

Image Controller System

The ICS consists of a minicomputer image controller with small disk stor-
age devices and multiple keyboard terminals, two large mass storage disks, a
printer-plotter, an input data interface, and interfaces for the IPS. Table 7
is a detailed 1ist of the components, make, and model numbers used in the ICS.

TABLE 7. COMPONENT LIST FOR IMAGE CONTROLLER SYSTEM

IMAGE CONTROLLER

DEC PDP 11-34A

128 k Bytes MOS Memory

KY 11 LB Prog Panel

DL 11-C Serial Line Unit (2 reguired)
RK 11-J 2.5 MB Disk and Controller

RK 05-J Disk Drive

DR 11-B Interface (DMA) (to Views)

DR 11-C Interface (PGM I/0) (to Views)
VT-100 Video Display Terminal (2)
H-967 or H-960-CA Cabinet

RSX 11-M Operating System (Class E License)
Fortran IV

DL 11W Line Frequency Clock

LA36 Decwriter

System Software

System Integration

AMPEX DM 980 DP 80 Mbyte Disk Drive (2) and Controller

Model 1110A Printer/Plotter

Model 121 Controller {
Versaplot Software for RSX-11
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The PDP-11/34 is a widely used, midrange, 16-bit minicomputer. It was
selected for use in the concept verification DAS for several reasons. It
provided adequate performance at a reasonable cost. Software and many periph-
erals would be upwardly compatible with more powerful minicomputers in the
POP-11 family. Parts, service, and programming expertise were readily
available. In addition, because the IPS equipment had previously been inter-
faced to a PDP-11/34, development time could be shortened. A basic block
diagram of the PDP-11/34 is shown in Figure 8.

The PDP-11/34, as configured for the ICS, includes 64 k words MOS memory,’
interfaces for one LA-36 Decwriter terminal, two VT-100 terminals, driver and
interface for two RK05 disks, driver and interface for the Versatec 1110-A
printer-plotter, driver and interface for two Ampex DM980 disks, a Direct
Memory Access (DMA) interface for the input data interface, and DMA and paral-
Tel I/0 interfaces for the IPS. The RSX-11M version 3.1 operating system was
used to make possible a multiuser, multitask operation of the system. The
LA-36 is a printing terminal that is used as the system terminal. The VT-100s
are video terminals that were used for software development and data input.
The RKO5 disks are small 1.2-M-word removable disks. The operating system is
stored on one of the RKO5 disks.

Two 80-Mbyte Ampex DM 980 mass storage disk drives were selected for the
IAS. These units were selected for their high (1.2 Mbyte/s) data-transfer
rates. The drives are dual ported.

The ADI-2 input data interface was developed by EG&G to transfer data
from the Ampex HBR digital-reproduce electronics to the PDP-11/34 memory.
The ADI-2 receives nine channels of parallel data from the Ampex electronics,
formats a 16-bit data word, and writes this data word to the PDP-11/34 memory
by means of a DMA interface. The ADI-2 is also capable of converting the 8-bit
parallel digital video data to an analog video signal. A ramp signal, syn-
chronized with the start of each video line, is also produced. These two sig-
nals are used by the hardcopy recorder to produce a hardcopy image. The ADI-2
provides a clock for the recorder at either 1.5 MHz or 375 kHz. The data
transfer to PDP-11/34 memory operates only at the 375-kHz setting. A timing
summary for the ADI-2 is shown in Table 8.
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TABLE 8. ADI-2 TIMING SUMMARY

Tape Reproduce Speed 14 IPS
Reproduce Clock 375 kHz

CPU Interface Master Clock 6 KHz

DAC Conversion Rate Clock 1.5 MHz

DAC Conversion Time 35 ns
Transfer Rate, Data to CPU 187.5 K words/s
Recorder Drive Sweep Time 1.15 ms

A block diagram of the ICS is shown in Figure 9. The ICS hardware is
shown in Figure 10.

Image Processor System

The original DAS conceptual design indicated that computerized automatic
feature recognition would be the key to extremely fast damage assessment and
would be required if the 30-minute goal for repair area selection was to be
met.

To IPS To IPS

Printer
Plotter
Mass Image
Storage O Controller
Disks cru

Fiber Optic
Hardcopy
Recorder

. Input Data
To Data Link €——P» Interface

Keyboard
Terminals

Figure 9. Block Diagram of Image Controller System
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Figure 10. Image Controller System Hardware

The conceptual design called for the operator to interactively mark typi-
cal damage of each type on the IPS, In this way the feature-recognition soft-
ware would be trained and could then locate, size, and classify the remaining
damaged areas. Unfortunately, no feature-recognition software could be found
or developed that would quickly and reliably process the large quantities of
data produced by the FSP. Therefore, in the DAS developed by NMERI an oper-
ator must interactively identify each damaged area using the IPS. This proce-
dure requires more time than the 30 minutes originally planned for the entire
damage assessment process.

The IPS is manufactured by Interpretation Systems Inc. (ISI). It con-
sists of an LSI-11 microprocessor, a VDI-200 video display processor, an FD-2
dual floppy diskette subsystem, an FT-1 function key-trackball module, a CG-1
cursor generator, a DOM-1 system CRT terminal, 512 kbytes of refresh memory, a
CR-20 color monitor, an XY-1 isometric projection generator with x-y display
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monitor, a video digitizer 1ight table subsystem, IF-3 DMA and IF-2 parallel
interfaces, and VIEWS basic software. A list of the IPS equipment is pre-
sented in Table 9. The capabilities and operational details of the ISI VIEWS
system are discussed fully in Section VI of Volume I of this report. A func-
tional block diagram of the IPS as configured for the concept verification DAS
is shown in Figure 11.

The IPS essentially acts as a terminal to the ICS during damage assess-
ment operations. The IPS receives commands that prepare it to accept imagery
data and to assign the desired functions to the programmable function keys by
means of the IF-2 parallel interface. Imagery data are transferred to refresh
memory by means of the IF-3 DMA interface. The function key/trackball unit is
used to interactively enhance the image gray scale, magnify the image, scroll
and translate within the image, move the cursor and window, and adjust the
size of the window. These standard image capabilities are discussed in detail
in Volume I of this report. The programmable function keys are programmed to
move the image up and down (low-resolution mode); move the window to the cur-

sor; read cursor location and window corner locations from the video display;
mark and assign type values to features; transfer location, size, and type
information back to the ICS by means of the IF-2 interface; call for other
image sections from the ICS through the IF-2 interface; and terminate IPS
operation. Most of the programmable function keys perform several operations
at once. The programmable function keys are Ul through U8 and Y1 through Y8.
The other function keys are preprogrammed by the VIEWS system. Table 10 lists
the programmable function key operations for the low-resolution and high-
resolution modes. The IPS is shown in Figure 12.

Software

Four specialized software programs were developed for the IAS. These
programs transfer imagery data form the data link to mass storage, compress
the full-resolution image to a lower resolution enhanced image, allow commu-
nication and data transfer between the ICS and the IPS, and process damage
data in order to select the MOSs requiring the least amount of repair time.
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TABLE 9.

COMPONENT LIST FOR IMAGE PROCESSOR SYSTEM

X

IMAGE PROCESSOR SYSTEM

VIEWS I

VDI-200 Display Processor

Racks, Table

FD-2 Dual Floppy Diskette Subsystem
FT-1 Function Key-Trackball Module
DM-1 System CRT Terminal

CG-1 Cursor Generator

Software (Views Basic)

Integration with Total System

RM-256 k Bytes Refresh Memory
XM-256 k Bytes Refresh Memory
CR-20 Color Monitor

IF-3 DMA Interface

IF-2 Interface

Video Digitizer Subsystem

CVC-1 TV Camera

LT 130 Light Tabie

Video Digitizer

XY-1 Isometric Projection Generator
XY Display Monitor

Video C::—' Function Key
Displays Trackball
. Image
Light Table <> Keyboard
Vidicon —» é\ga]yzer Terminal
To ICS To ICS
Figure 11, Block Diagram of Image Processor System
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TABLE 10. PROGRAMMABLE FUNCTION KEY OPERATIONS

Key | Resolution Title Function

Yl Low IMAGE UP Move image 3/4 frame up; move cursor to
center left edge; connect cursor to
trackball; disable trackball vertical.

High .. No function.

Y2 Low IMAGE DOWN Move image 3/4 frame down; move cursor
to center left edge; connect cursor to
trackball; disable trackball vertical.

High ve No function.
~ Y3 Low LOCATION POINT Read point number from terminal; read
(TYPE POINT NO.) cursor location; write reference point
record to 11/34; connect trackball to
cursor.
High No function.

Y4 Both WINDOW TO CURSOR Read cursor location; calculate window
corner locations; move window; connect
window size to trackball; turn on
window outline.

Y5 Both NEXT IMAGE Write end segment record to 11/34.

Y6 Both RESET DISPLAY Run initialization procedure; display
text.

Y7 Both RESTORE TEXT Display text.

Y8 Both EXIT Write exit record to 11/34.

Ul Both MARK CRATER Read cursor location; read window cor-

ners; calculate window width; write
damage record to 11/34; mark damage on
display; connect cursor to trackball.

U2 Both MARK CAMO-HEAVE®

U3 Both MARK SPALL FIELD

U4 Both MARK BOMBLET FIELD

us Both MARK SURFACE UX0

U6 Both MARK BURIED UXO

u7 Low MARK CLOSEUP WINDOW | Read cursor location; calculate window
corners; write window record; mark dis-
play; connect cursor to trackball.

High DELETE DAMAGE Read cursor value; read window corners;
calculate window width; write damage-
delete record to 11/34; mark removed
damage; connect cursor to trackball.

us Low MARK EDGE Read cursor location; write edge record
to 11/34; enable trackball vertical;
connect cursor to trackball.

High ces No function.

a. The term camo-heave indicates a camouflet with upheaved pavement.
This type of camouflet may be the only type that the IPS can distinguish.
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Figure 12. Image Processor System

XFR.TSK 1is the program that transfers imagery data from the data link to
the mass storage disks. This program was developed by EG&G to operate in con-
Jjunction with the ADI-2. It is coded in assembly language for speed of opera-
tion. The program disables the operating system while it is running, which
dedicates the entire ICS to the transfer process. The tape drive runs at one-
fourth the record speed, which produces a data rate of 187k 16-bit wGrds per
second. This is close to the maximum data transfer rate of which the CPU
(PDP-11/34) is capable. The sign bit of each data byte is inverted in the
ADI-2 to speed the processing of the data in the image compression program.
The XFR.TSK program alternately reads 2048 byte lines into two 8-line buffers
and writes the data in the buffers to successive absolute mass storage disk
addresses. After the data transfer is complete, the program writes a log file
containing the line count and any error information. The XFR.TSK program is
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capable of transferring up to 134 Mbytes of imagery data. The imagery data
stored on disk have the same resolution and dynamic range as the image data
recorded from the camera.

BUILDC.TSK is the program that compresses the full-resolution imagery
data. This program creates a 64:1 reduced size file for rapid examination by
an operator on the IPS. The compressed image is required because of the large
number (512) of video screen size images (512 by 512 pixels) in the full-
resolution data base. It requires 10 seconds to transfer each 512 by 512
pixel image from the ICS to the IPS and an average of 10 seconds to examine
each image. Thus it would require more than 2 hours and 50 minutes just to
look at all the full-resolution imagery data. The compressed image requires
only four 20-second, 256 by 2048 pixel transfers and the examination of 32
frames, for an examination time of 10 minutes.

The compression program is coded in assembly Tanguage and, 1ike XFR.TSK,
it disables the operating system. BUILDC.TSK reads imagery data alternately
into two 8-line buffers (1728 bytes per line). Each buffer is divided into
216 8-byte by 8-byte blocks. Each 64-byte block is processed by the program
to produce one byte in the output file. The algorithm used to compress each
64-byte block into one pixel performs the compression in two steps. First.
ten sample points within the 64-byte block are examined, and the lowest value,
the highest value, and the mean value of the sample points are determined. If
the highest value minus the lowest value is less than a predetermined limit,
the mean of the sample points is used as the output value for the compressed
block. This routine is very fast, and the program can be forced to run in
this mode exclusively when the Timit on the difference between the high value
and low value is set to 255. 1If the limit is not set at 255 and t+' e differ-
ence between the high and Tow values is greater than the limit, a second rou-
tine is performed. In this routine, the horizontal and vertical change in
value across each of the 36 internal pixels in the 64-byte block is deter-
mined. If the highest change value is less than the previously mentijoned
1imit, then the high or low pixel value closest to the mean is used as the
output value for the compressed block. If the highest change is greater than
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this 1imit, the pixel value that corresponds to the highest change in value is
used. This routine saves some of the high-resolution information that is lost
when only the mean pixel value is used.

BUILDC.TSK was developed by NMERI in FORTRAN. Once the program had been
debugged, EG&G converted the program to assembly language in order to increase
its speed. This program also disables the operating system and monopolizes
the ICS. Six minutes 3 seconds are required to produce a compressed version
of the entire high-resolution data base on the mass storage disks.

DRIVER.TSK is the program that communicates between the ICS and the IPS.
This program uses both a DR-11B interface to transfer imagery data and a
DR-11C interface to transfer commands and damage data. Option A of DRIVER.TSK
transfers a segment of the compressed image created by BUILDC.TSK to refresh
memory on the IPS, establishes the proper memory organization, and programs
the VIEWS system function keys for low-resolution damage assessment. After
the transfer has been completed and the VIEWS system has been initialized,
DRIVER.TSK waits for data from the IPS. All data returned from the IPS are
formatted in eight integer records. The meaning of each integer is explained
in Table 11. DRIVER.TSK writes these data to three disk files, one for low-
resolution data, one for high-resolution data, and one that stores information
for restart. Each file is duplicated to prevent the loss of data. Option B
of DRIVER.TSK transfers full-resolution images from the ICS to the IPS, estab-
Tishes the proper memory organization, and programs the VIEWS system function
keys for high-rasolution damage assessment. High-resolution data are indi-
cated by a number 5 in data record integer 6. Programmable function key oper-
ations for the high-resolution mode are given in Table 10.

DRIVER.TSK was originally developed by ISI as part of the IAS integration
and was later streamlined by NMERI. It was programmed in FORTRAN and operates
under the RSX-11M operating system. It requires 10 seconds to transfer one
512-by-512 pixel image between the ICS and the IPS. Twenty seconds are
required to transfer a 256-by-2048 pixel image.
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TABLE 11. MEANING OF INTEGERS IN IPS DATA RECORD

Integer 1: Action Code

1 = Store data
2 = Send next segment or image
3 = End option
Integer 2: Data Type
1 = Crater
2 = Camouflet
3 = Spall Field
4 = Bomblet Field
5 = Surface UX0
6 = Buried UXO0
7 = Area for Full-Resolution Inspection
8 = Edge Mark
9 = Scale and Location Mark
Integer 3: Image Line Number
Integer 4: Image Pixel Number
Integer 5: Diameter for Types 1-6; Mark Number for 7-8
Integer 6: Segment Number
Integer 7: Unused
Integer 8: Unused

The MOS selection program is divided into four parts. PART00.TSK refor-
mats the data in the low-resclution and high-resolution data files produced by
DRIVER.TSK for use in PART0Z2.TSK. PARTO1.TSK accepts manually input damage
data from the keyboard terminals. PART02.TSK processes the damage data to
select a ranked set of MOS requiring the least amount of repair time.
PART03.TSK prints out the results of PART02.TSK.

PARTO0.TSK converts the image coordinates and pixel dimensions of the
damage data stored by DRIVER.TSK into station coordinates and dimensions in
feet. The program requires the station coordinates of the location reference
points marked during the damage assessment process. PART00.TSK, using the
edge marks stored during damage assessment, also corrects for image distortion
due to aircraft roll motion and lateral drift. The output of PARTO0.TSK is a
fixed-length file of 150 5-integer field records. Field 1 is damage type.
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Field 2 is distance from start of runway in feet. Field 3 is distance from
centerline in feet (+ = right; - = left). Field 4 is damage diameter in feet.
Field 5 is the count of damages in spall or bomblet fields.

PARTO1.TSK accepts damage data input from a terminal and creates a runway
damage file of the same format as that produced by PART00.TSK. PARTO1.TSK
also creates damage data files for ramp and taxiway damage and can correct the
damage data files produced by PARTQ0.TSK and PARTO1,TSK.

PART02.TSK uses the damage files stored by PARTO00.TSK and PARTO]1.TSK to
select the three best MOSs in the down-runway direction, the three best MOSs
in the up-runway direction, and the three best bidirectional M0Ss. The MOS
selection program essentially moves an MOS template over the entire runway
surface in fixed lateral, longitudinal, and angular increments, calculating
repair times for each MOS location.

PART02.TSK considers six types of damage: craters, camouflets, spall
fields, bomblet fields, surface UXOs, and buried UXOs. To determine the repair
time for a given MOS, each damaged area in the runway damage file is tested
to determine whether its radius of effect lies within the M0S. The radius of
effect of a crater was assumed to be approximately the same as the repair
radius and was calculated using the following equation:

Re = 5 (0)"°° (6)

where RE is the radius of effect and D is the apparent crater diameter, both
in feet. The radius of effect for camouflets, surface UXOs, and buried UX0s
was set at 25 feet. The radius of effect for spalls and bomblet fields was
assumed to be one-half of the field diameter.

If the radius of effect of a damaged area falls within the MOS, a repair
time is determined. Repair times for craters and camouflets are determined
by the methods discussed under Repair Equations in Section II of this report.
Location within the MOS and multiple damage spacing criteria are used to
determine the repair quality for craters; the apparent radius and the repair
quality are used to determine a crater repair time from a lookup table
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(Table 3). Repair times for camouflets are determined by using Equations (3)
and (5). It is assumed that it will take 60 seconds to repair each spall. No
repair times are assigned to bomblet fields or surface UXOs, but their number,
size, and Tocation are stored with the MOS they affect. Buried UXOs are
considered in one of two ways. The operator determines which method will be
used at the beginning of PART02.TSK. A1l buried UXOs are assumed either to be
duds, in which case a repair time of 10 minutes is assigned for each, or to
have exploded, leaving craters that must be repaired. The size of the crater
formed by a buried UX0 is estimated from the diameter of the port of entry.
A1l buried UXO crater repairs are assumed to be A quality. Repair times for
up-runway, down-runway, and bidirectional orientations are calculated. Access
repair times determined from the ramp and taxiway damage files produced in
PARTO1.TSK are added to the MOS repair time, and the total MOS repair time is
tested against the three best repair times in each MOS category. Only the
three best repair times, along with MOS locations and démage information, are
saved. After all possible MOS lo.a"ions have been examined, data for the
three best t10Ss ir each category are written to an output file.

In PART02.TSK, the operator can set the MOS size and the lateral, longi-
tudinal, and angle increments. The operator can also specify whether buried
UXOs are to be considered as having exploded and formed detonation craters or
as being duds whose damage can be repaired without danger from explosions.
The operator provides the air-density ratio required by PART02.TSK for the
determination of the crater repair spacing criterion,

PARTO3.TSK prints the results of PART02.TSK. Full damage detaiis, repair ]
times, and MOS locations are listed for the three best M0Ss in each category.

The MOS selection programs were developed by NMERI in FORTRAN. All parts
run under the RSX-11M operating system.

Hardcopy Recorder

The hardcopy recorder inciuded in the IAS is a Tektronics 4633A continu-
ous hardcopy recorder. This unit requires an analog video signal and a ramp
signal to produce a two-dimensional black-on-white image. As dry silver paper
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is continuously passed in front of a fiber optic face plate attached to a CRT,
the intensity of the CRT beam is modulated by the video signal, and the
deflection of the beam is controlled by the ramp signal. The exposed paper

is thermally developed as it leaves the CRT. The paper used in the hardcopy
recorder is 8-inch-wide 3M Type 7772 dry silver paper. The paper speed is
adjustable to 10, 20, 25, 50, and 100 mm/s. Th2 100-mm/s speed was used to
produce a hardcopy of the recorded imagery data at the 1.5-MHz data rate. The
spot size of the CRT beam is 6 mils. The image produced has approximately

16 distinguishable gray levels.

In the IAS the hardcopy recorder is connected only to the input data
interface. OQutput of the hardcopy recorder can be visually inspected for
damage. The damage location and size can be measured from the image. Infor-
mation on the location, size, and type of damage can then be fed to the ICS
manually, by means of a keyboard terminal. This method provides an alterna-
tive to processing the imagery data on the IPS. There are two problems with
this procedure. First, the resolution of the hardcopy image is about one-half
that of the full-resolution video data. Second, the time required to obtain
the Tocation and size of the damaged area and to feed the data through a ter-
minal is longer than that required for the IPS.

38




SECTION IV
SYSTEM DEVELOPMENT AND TESTING

DEVELOPMENT HISTORY

During February 1978, NMERI presented a briefing to AFESC on the results
of the investigation cf various damage assessment metradologies. AFESC then
selected for further Jevelopment a DAS based on an airborne Vidicon camera and
a computerized image processing system. In August 1978 NMERI received quid-
ance and approval for a limited development effort on the selected DAS. NMERI
initiated the development of a conceptual stabilized platform design, hardware
and software specifications, and a conceptual lighting system design, as well
as verification of the system's compatibility with Quick Strike Reconnaissance
(QSR). A contract for the development and testing of a linear CCD array cam-
era was awarded in September 1978,

The hardware and software specifications, the conceptual lighting system
and stabilized platform designs, the QSR verification, the weather effects
study, and the carrier aircraft evaluation had been completed by November
1978. The lighting requirements of the linear CCD array were determined to be
extremely high, The lighting system had to be carefully stabilized and
aligned with the CCD camera. It also required large amounts of electrical
power and was extremely bulky. Guidance from AFESC received in June 1979
indicated that the development of the concept verification system using the
CCD sensor should continue, but that only a partial 1i. 'ng system would be
required. The requirement to construct the lighting system was later deleted.
At the same time, methods for improving the sensitivity of the sensor were to
be investigated for use in a future system. The possibility of using image-
correction software in conjunction with, or instead of, a stabilized platform
was also to be investigated.

During January 1979, deficiencies were discovered in the CCD camera that
was being developed under subcontract. Between January and May 1979, efforts
were made to solve noise, timing, adjustment, and testing problems. However,
the subcontract was terminated in May 1979, and a replacement sensor was
ordered. The replacement sensor selected was a Fairchild CCD 1400 line-scan
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camera. Fairchild agreed to conduct sensitivity testing of the sensor, and
AMERI was to conduct vibration testing. The sensor was delivered and testing
was completed by October 1979.

In June 1979, NMERI received the necessary guidance and approval to con-
tinue development of the DAS. NMERI provided the list of required image-
processing equipment, which was approved by AFESC. A subcontract for the
computerized image-processing equipment and system integration was awarded to
Interpretation Systems, Inc. (ISI). Components of the system were delivered
in August and November 1979. Integration of the system was not completed until
June 1980 because of equipment and software problems.

Investigation of automated image-processing techniques and available
image-processing software began in January 1979 and continued through the end
of the project. It had become apparent by April 1979 that more sophisticated
algorithms than had been originally envisioned would be required for automatic
damage assessment. The reliability and accuracy of the available technigues
were somewhat questionable, and the time required to process the extremely
large full-resolution data base appeared to be much greater than that required
to manually identify the damages from the imagery. NMERI was unable to test
any automatic feature-recognition software on the IAS because of the lack of
realistic imagery data and limited development time.

A data link tradeoff analysis was conducted during the summer of 1979.
The analysis was completed in September 1979, and AFESC approved the procure-
ment of an Ampex AR1700 HBR airborne digital tape recorder. The recorder was
delivered in May 1980.

The design of interfaces for linking the airborne camera and the
recorder, and the recorder and the IAS, began in November 1979. Final design
specifications had to await completion of the IAS integration software sup-
plied by ISI. The integration software format was completed in late January
1980, and a contract for development of the interfaces was awarded to EG&G
in April 1980. The airborne interface was completed in August 1980, and the
IAS interface was completed in October 1980.
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A tradeoff analysis of methods for reducing the lighting requirements of
the CCD sensor was conducted between October 1979 and June 1980. Alternate
sensors as well as image intensifiers were investigated. NMERI recommended
the use of a laser line-scan sensor, which would require no additional light-
ing system, in a future DAS. Further investigation of a relief-measuring sen-
sor was also recommended.

In March 1980 AFESC requested that NMERI present a limited demonstration
of the DAS during the Interim Crater Repair Test to be held at North Field,
South-Carolina, in August 1980. NMERI demonstrated the FSP using the hardcopy
recorder to display output. Damage assessment procedures developed for the
IPS were demonstrated on a similar system provided by ISI. The ISI equipment
was also used in the demonstration of the MOS selection software program. In
addition, two formal presentations explaining the DAS were made during the
test. Valuable imagery data were acquired during the demonstration; these
were used in completing the system development and evaluation.

Portions of the IAS software were developed independently by ISI, EG&G,
and NMERI between July 1979 and November 1980. ISI developed the software
that allowed communication between the ICS and IPS and controlled the IAS as a
system. A portion of this software performed a compression of the full-
resolution imagery data. The ISI software was complieted during May 1980 as
part of the IAS integration. EG&G developed a special stand-alone program
that rapidly transferred the full-resolution imagery data from the input data
interface to the mass storage disks. This software was delivered with the
input data interface in October 1980,

NMERI developed the MOS selection software and the function key scripts
for interactive damage identification. The original design and some coding of
the HOS selection software and function key scripts were completed prior to
May 1980, but implementation on the IAS was delayed until the system integra-
tion had been completed. NMERI received new information during May and June
1980 concerning the types of damage expected and the criteria for determining
crater repair times. In light of this information, modification of the damage
assessment scripts and significant redesign of the M0OS selection software were
required. The damage assessment scripts and MOS selection software were imple-
mented on the IPS in July 1980 and demonstrated at North Field in August 1980.
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After the North Field demonstration, NMERI developed a faster, more use-
ful image-compression algorithm; developed the software to handle the specific
data transfers between the ICS and IPS required in the damage-assessment pro-
cess; and converted the North Field MOS selection software to operate on the
ICS. This software was completed by November 1980 and was demonstrated in the
DAS field demonstration that month. Neither the IAS software design nor the
software itself could be refined or optimized during this effort because of
the limited time available. The software did perform all required tasks
except the automated feature extraction..

A tradeoff analysis of camera stabilization versus software image cor-
rection was conducted after the airborne testing of the Fairchild sensor
during June 1980. NMERI recommended that camera stabilization and software
image correction be incorporated into an operational system, but suggested
that software image correction alone would be adequate for the concept verifi-
cation of the DAS. The software image correction was included in the MOS
selection software.

EFFECTS OF ADVERSE WEATHER ON FSP SENSOR

NMERI was required to assess the effects of adverse weather conditions
such as fog, rain, snow, and high winds on the resolution capabilities of the
FSP sensor. Ffor the purposes of this study the FSP sensor was assumed to be
the Fairchild CCD 1400 Tline-scan camera. It became apparent during the inves-
tigation that adverse weather conditions significantly affect image parameters
other than resolution. These parameters were therefore included in the study.

Gusting winds, fog, smoke, dust, rain, and snow all adversely affect the
performance of the FSP sensor. Gusty wind conditions cause undesirable
motions of the carrier aircraft, and these cause a distortion of the gathered
image and errors in the displayed damage locations. Fog, smoke, dust, rain,
and snowfall reduce transmissivity and scene contrast so that a larger light-
ing system is required and feature recognition becomes more difficult. The
minimum resolution element size, however, is not drastically affected by these
conditions. Careful design of the camera and lighting systems, selection
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of the prcper carrier aircraft, and use of additional instrumentation and
computer software will minimize the effects of adverse weather. However,
extremely high winds or gusts, moderate to dense fog and smoke, or heavy rain
or snowfall will render even the most carefully designed system inoperable.
The various weather conditions, their effects, and the related design consi-
derations are discussed in more detail below.

Wind and Gusts

The FSP is designed to be carried by a helicopter or a low-speed, fixed-

'wing aircraft. Ideally, the FSP is flown at a constant speed of 70 knots and

a constant altitude of 270 feet directly over the centerline of the runway;
the optical axis of the camera is vertical; and the axis of the CCD array is
perpendicular to the direction of motion over the ground. Any deviation from
this ideal will cause distortion of the image produced by the CCD camera.

Some nonideal motion of the carrier aircraft is to be expected even in still
air because of Tag in the aircraft's response to control inputs and limitations
in the pilot's ability to determine his exact speed, altitude, and lateral
position. Wind--especially gusts--causes additional undesirable motion of

the carrier aircraft. The amount and type of motion caused by a given wind
condition depend on the type of aircraft being used and on the pilot's skill.
Translational motion of the aircraft is transmitted directly to the camera.
The extent to which rotational motion of the aircraft is transmitted to the
camera depends on the sophistication of the camera stabilization system.
Extremely high winds or large gust spreads will ground any of the carrier air-
craft considered.

The aircraft considered as carriers for the FSP were the UH-TN helicop-
ter, the 0V-10 fixed-wing aircraft, and the Cessna models 172 and 180 light
fixed-wing aircraft. NMERI was unable to find documented specifications for
aircraft stability under various wind conditions at flying speeds suitable to
the FSP. Therefore, experienced pilots, familiar with the stability and
handling characteristics of each aircraft, were consulted, and estimates of
each aircraft's performance under a variety of wind conditions were obtained.
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In still air the UH-TH and Cessna models can maintain flight within
+10 feet laterally, +10 feet vertically, and *5 knots of the nominal flight
parameters. The OV-10 has a minimum flying speed of 80 knots, which is higher
than desired, and it displays significant adverse roll-yaw coupling that makes
it difficult to handle at speeds below 100 knots. This adverse coupling does
not disappear until the airspeed exceeds 120 knots. To fly the camera at the
increased speeds compatible with the 0V-10 would require significant modifica-
tion of the FSP. Under calm conditions, roll, pitch, and yaw motion on all
aircraft should be less than 1 degree.

A steady wind will not significantly affect the flight envelope achiev-
able by any of the aircraft. By adjusting his airspeed and crabbing into the
wind, a pilot can achieve the desired ground speed and heading within the
tolerances obtainable in calm conditions. The yaw angle would increase, but
it should remain constant, + 1 degree, during a giver pass.

Gusts and turbulence will cause more serious problems. The mass of the
aircraft, the amount of surface area acted on by the gust, the responsiveness
of the aircraft, and the pilot's skill all influence the magnitude of the
motion resulting from given gust conditions. The H-1 tolerances increase to
+40 to =50 feet altitude (without radar altimeter), *30 to *40 feet laterally,
and *10 knots velocity for gust spreads of 20 knots. The Cessnas should be
able to maintain *25 to *30 feet vertically (with radar altimeter), +30 to 40
feet laterally, and +10 to =15 knots forward velocity in the same gust spread.
Gusts and turbulence will also introduce significant amounts of roll, pitch,
and yaw. The H-1 and Cessna aircraft should stay within 5 to +8 degrees of
the nominal attitude in gust spreads up to 20 knots. The pilot of a fixed-
wing aircraft must increase airspeed somewhat in gust conditions to provide a
margin of safety above stall speed.

The 1550th Air Crew Training and Test Wing (ATTW) at Kirtland Air Force
Base, New Mexico, grounds its aircraft when wind speed exceeds 30 knots or
when gust spreads exceed 20 knots. The aircraft can fly in more severe con-
ditions, but there is a safety risk. If gust spread exceeds 20 knots, it is
questionable that the FSP could produce a usable image. It should be noted
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that all of the aircraft performance figures presented above are based on
estimates obtained from various pilots.

The FSP was tested only in a Cessna 180. Neither still air nor high
wind conditions were encountered during testing. In very light wind the lat-
eral drift of the aircraft remained within +10 feet, but in a 6~ to 12-knot
wind the lateral drift increased to +30 feet. The roll motion of the aircraft
was higher than anticipated. Aircraft roll of =3 degrees was not uncommon.
This motion was at least partially due to the pilot's use of banking to main-
tain lateral position above the runway,. ‘

Fog, Rain, and Snow

The atmospheric phenomena of fog, rain, and snow interfere with the
desired transmission of light from ground to camera, from ground to pilot, and
from lighting system to ground. The most detrimental effects appear to be a
reduction of transmissivity and contrast due to scattering. Absorption is
much Tess significant and optical distortion appears to be insignificant over
the distance from the ground to the camera (less than 300 feet). Other

effects such as back-scattering from the lighting system and droplets con-
tacting the lens surfaces are not extensively documented, but are intuitively
considered undesirable.

Transmittance through the atmosphere along a given path can be expressed
as the product of transmittance due to absorption and transmittance due to

scattering. Transmittance due to absorption is highly wavelength-dependent
for the sensitivity range of the CCD sensor. Water vapor is the only signifi-
cant absorber in the sensitivity bandwidth of the CCD. The amount of water
vapor along a path is expressed as millimeters of precipitable water. Table
12 Tists transmittances by wavelength for typical and worst-case water vapor
contents over the sensitivity range of the CCD (Reference 5). Even under
worst-case conditions, transmittance remains above 80 percent.

Two types of scattering affect the transmission of light. The first,
Rayleigh scattering, is strongly wavelength-dependent. Rayleigh scattering
occurs when the scattering particles are smaller than the wavelengths of the
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TABLE 12. TRANSMITTANCE DUE TO ABSORPTION BY WATER VAPOR i
Transmittance i
Havelength, 2 mm H20 10 mn H20 |
0.3 0.911 0.802
0.4 0.9 0.802
0.5 0.937 0.861
0.6 0.955 0.900
0.7 0.960 0.910
0.8 0.950 0.891 ]
0.9 0.844 0.661
1.0 0.955 0.900
1.1 0.856 0.707

(Data reproduced from Reference 5 by

permission

of John Wiley and Sons, Inc.)

Notes: 2 mm H,0 represents 68°F; 65 percent

relative humidity; 600-foot path length
at sea level.

10 mm H,0 represents 100°F; 100 percent
relative humidity; 800-foot path length
at sea level.

incident light. Because shorter wavelengths are scattered more than longer
wavelengths, selective filtering of the scattered light can be used to improve
the observed contrast. The second type, Mie scattering, is independent of

It occurs when particle radii are larger than the wavelengths of
the incident light. Contrast cannot be improved by selective filtering when
Mie scattering occurs.

wavelength.

The following equations (Reference 5), can be used to
calculate the effect on transmissivity of scattering due to spherical

particles:

=YX
r=eY

v = 7w nKr?
where
Tt = transmissivity
x = path length
n = number of particles per milliliter
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r = particle radius
y = scattering coefficient
K = scattering area ratio

K is obtained from Figure 13 (Reference 5), and X is the wavelength of the
incident 1ight.

Scattering reduces the observed contrast between objects by reducing the
intensity of the transmitted light, lowering the transmittance, and increasing
the background intensity. . The human eye can distinguish a 2-percent contrast.
The contrast distinguishable by the CCD sensor is limited by the dynamic range
of the camera. The dynamic range of the camera is 20N0:1. Eight-bit digitiza-
tion allows for 256 intensity levels.

The CCD is sensitive to ra .iation with wavelengths between 0.3 and 1.1
microns. Most fog droplets, ice crystals, and smoke particles have radii
greater than 5 microns. Rain droplets have radii greater than 250 microns.
Consequently, scattering due to these phenomena will be Mie scattering, and
the CCD sensor will offer no advantage over the human eye in penetrating fog,
rain, snow, or smoke. The CCD sensor would provide an advantage in hazes and
extremely fine mists or smoke, but these conditions do not present a serious
scattering problem over the short distances of concern,

Fog and Tow-lying clouds present a very serious problem to the operaticn
of the FSP. A very light fog, one that limits visibility to 3000 feet, has
about 25 particles per milliliter with radii of about 5 microns and will
reduce transm ttance over the 600-foot path to less than 50 percent. A heavy
fog, one with 200 particles per milliliter, will reduce transmittance over a
300-foot path to less than 6 percent and over a 600-foot path to less than
0.33 percent. The reduction of contrast is harder to quantify. However if
enough light is availablc for the CCD sensor to use the lower half of its
dynamic range, the CCD camera should be able to distinguish contrasts about as
well as the human eye. In a light fog, transmittance 50 percent, the Iighting
requirements will be increased by 100 percent. Rain and snow should not
affect the CCD sensor as drastically as does fog. Although rain and snow par-
ticles are significantly larger than fog particles, the number of particles
per milliliter is much smaller. Table 13 (Reference 5) lists transmittances
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along a 6000-foot path in various rain conditions. Little information is
available on transmittance through falling snow. The particle size of both
rain and snow produces Mie scattering in the sensitivity range of the CCD
array; therefore, the loss of contrast will again be similar to that sensed
by the human eye. Both rain and snow will increase the lighting requirements
of the system.

TABLE 13. TRANSMITTANCE OF A 6000-FOOT PATH THROUGH RAIN

' Transmittance
Condition Rainfall Rate, (6000-ft path)
mm/h
Light Rain 2.5 0.88
Medium Rain 12.5 0.74
Heavy Rain 25.0 0.65
i Cloudburst 100.0 0.38

(Data reproduced from Reference 5 by permission
of John Wiley and Sons, Inc.)

Fog, smoke, rain, and snow can produce back-scattering when the illumina-
tion source is close to the camera. Back-scattering will further reduce the
observed contrast between objects by raising the background illumination level.
Separating the light source from the camera will reduce the amount of back-
scattered lTight sensed by the camera.

In general, the CCD camera system offers no advantage over the human eye
in penetrating fog, clouds, smoke, rain, or snow. The camera system will
require a significant increase in lighting capacity over that required in
clear air to operate in even the lightest fogs and smokes or in moderate rain
and snow storms.

Miscellaneous Effects

Several other weather conditions that could affect the CCD system should
be mentioned. These conditions and their effects were not extensively inves-
tigated, but they should be considered in the design of the system and recog-
nized as potential problems in the operation of the system.
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Rain and snow accumulate on the ground, changing the reflective proper-
tjes of the observed surfaces. Rain first moistens, then wets, then submerges
ground surfaces. Snow either melts when it strikes the ground, producing the
same effects as rain, or accumulates, covering and obscuring the surfaces.
Qualitatively, wetting will reduce the diffuseness of a surface, making it
more mirror-1ike. The spectral reflectance (dependent on wavelength) of a
surface may change. Effects vary from surface to surface. Puddling could
obscure small runway features and produce nonuniform reflectance from undam-
aged surfaces, which would complicate feature recognition. However, puddling
should not have time to occur in recently disturbed areas, and the moisture
could actually facilitate the recognition of damage. Similarly, snowfall
should not have time to accumulate on recently damaged areas and may melt
selectively around such features, facilitating recognition.

The effects of fog, rain, and snow are discussed in the preceding subsec-
tion, but the effects of only a uniform condition were considered. Conditions
could vary over the Tength of a 10,000-foot runway, resulting in continually
changing lighting requirements and reflective properties on the ground. Elec-
trical storms could also present a problem. Lightning would drastically
increase the illumination Tevel on the ground for short periods of time.

EFFECTS OF NONIDEAL CAMERA MOTION

Nominally, each pixel in the CCD camera will instantaneously sense an
area 1.9 inches wide on the ground, and that area will move 1.9 inches along
the length of the runway between successive samplings. Nominal altitude is
270 feet; nominal ground speed is 70 knots; and nominal line-scan rate is
732.4 lines per second. The lateral location of features is determined by the
Tocation in the CCD of the pixels that sense the feature; the longitudinal
location is determined by the number of lines between a reference scan, such
as the beginning of the runway, and the scan in which the feature is detected.
The lateral dimension of a feature is determined by the number of pixels that
sense the feature during one line scan and the longitudinal dimension by the
number of successive samplings in which the feature is sensed by a given
pixel.
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The most significant effects of nonideal camera motion appear to be dis-
tortion of feature dimensions and errors in recorded feature locations. By
assuming that the camera is rigidly attached to the carrier aircraft; defining
roll, pitch, and yaw axes and angles as shown in Figure 14; and summing the
additive effects of the various types of aircraft motion, the following equa-
tions for errors in feature positions and dimensions were derived. The error
in recorded lateral position for a pixel sensing a location on the ground an
angle ¢ from the optical axis of the camera, where ¢ is measured in the same
plane as roll angle, is given by the following equation:

’ - tan(¢ + a) } . _
AYtot AYC + (h + Ah) [: 03B cosy - tanpf siny h tand (9)
where
AYtot = total lateral error (feet)
AY = lateral camera position error (feet)

h = altitude (feet)
Ah = altitude error (feet)

¢ = angular position of pixel from camera axis (radian) measured in
same plane as roll angle

o = roll angle (radians)
8 = pitch angle (radians)
vy = yaw angle (radians)

This equation takes into account changes in lateral position and altitude
and in roll, pitch, and yaw angles. Errors in longitudinal position for the
same pixel are given by the following equation:

o oAy tan(¢p + o) .
Migp = t AKX+ (h + Ah) [}ans cosy + 0SB siny (10)
where
Axtot = error in longitudinal position (feet)
AX = error in average longitudinal velocity (feet per second)

ct
n

elapsed time from reference point (seconds)

This equation takes into account changes in altitude and deviations from
the nominal ground speed and roll, pitch, and yaw angles.
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The lateral dimension of a feature is determined by the number of adja-
cent pixels it covers. Changes in the center-to-center lateral spacing of
areas sensed by adjacent pixels will alter the apparent lateral dimension of
the feature. Equation (11) expresses the percent error in lateral dimension
of a feature centered on a pixel an angle ¢ from the optical centerline of
the camera, due to deviations from nominal altitude and roll, pitch, and yaw
angles. Lateral velocities may cause blurring of feature edges and skewing of
the image but will not affect the lateral spacing of areas sensed by adjacent
pixels.

- (h + ah) cos(d) cosy
By =1 - 5558 cos(e + ) (11)

where Ey = the percent error in displayed lateral dimension.

The longitudinal dimension of a feature is determined by the number of
successive times it is sensed by a given pixel (the number of lines it spans).
Deviations from the nominal Tongitudinal distance traveled between successive

samplings of the pixel will cause an error in the longitudinal dimension of
the feature. The percent error in longitudinal dimension indicated by the
pixel mentioned above will be

Rn + AX + Ah[tang cosy + tan(¢ + ) siny/cosR]

*n

_ (h + an) v [tan(¢ + a) cosy/cosB - tanB siny]

*n

_ (h + an) 8 [cosy (1 - tan?g) - tan(¢ + o) siny sinB/cos?8]

Xy

_ (h + ah) o [1 - tan? (¢ + )] siny

*n
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where
E. = percent error in longitudinal dimension
AX = error in instantaneous longitudinal velocity (feet per second)

X = nominal longitudinal velocity (feet per second)

>
o 3
1}

rate of change of altitude (feet per second)

yaw rate (radians per second)

—~le
n

Goe
1]

pitch rate (radians per second)

& = roll rate (radians per second)

Changes in forward velocity; roll, pitch, and yaw angles and rates; alti-
tude; and rate of altitude change will affect the displayed Tongitudinal
dimension.

The following are the expected deviations from the nominal flight param-
eters for the UH-IN helicopter in 20-knot gust spreads:

Ro1l and pitch angles, o and 3: 0.140 radian (8 degrees)
Yaw angle, y: 0.175 radian (10 degrees)

Roll, pitch, and yaw rates, X, é, and y: 0.087 radian per second
(5 degrees per second)

Altitude error, Ah: 50 feet
Rate of altitude change, Ah: 10 feet per second
Lateral position error, AYC: 40 feet

Average velocity error, Ak: 8.4 feet per second (5 knots)
Instantaneous velocity error, AX: 16.8 feet per second (10 knots)
The nominal flight parameters are

Altitude, h: 245 feet
Velocity, in: 118 feet per second
Time, t, at end of run: 80 seconds

A pixel at the edge of the camera's field of view (¢ = 28 deg) is con-
sidered because it will be most severely affected. The following are the
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positional and dimensional errors caused by motion along or about each axis
separately:

Errors due to roll angle and rate only:

AYtot = 48 feet
Axtot = 0 feet
E = -9 t
y percen
L EX = 0 percent

Errors due to pitch angle and rate only:

AYtot = 1 foot

Axtot = 35 feet
i Ey = -1 percent
Ex = -18 percent

Errors due to yaw angle and rate only:

AYtot = -2 feet
Axtot = 23 feet
E. = 2 percent
y - ¢ Peree
Ex = -10 percent

Errors due to altitude error and rate of change only:

AYtot = 27 feet
Axtot = 0 feet
Ey = -20 percent
EX = 0 percent
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Errors due to lateral displacement only:

Aytot = 40 feet
Axtot = 0 feet
E = 0 percent
y
E_ = 0 percent

X

Errors due to velocity changes only:

AYtot = 0 feet
Axtot = 672 feet

E. = 0 percent

y percen

Ex = -14 percent

Combining all of the above undesirable motions, one obtains

AYtot = 116 feet
Axtot = 751 feet
E = -31 percent
y percen
Ex = -52 percent

The deviations from nominal flight parameters used in this example are
the maximum values expected from the UH-IN aircraft and were selected to give
the maximum additive effect. The errors attributed to rotational motion could
be reduced by using a 3-axis stabilized platform. The magnitude of the
remaining errors indicates that other corrective measures such as additional
instrumentation or corrective software are also required.

The dynamic resolution element is defined as the area scanned by a single
pixel during a single exposure period: nominally, 1.9 inches laterally and
4.4 inches longitudinally. Nominally, there will be a 2.5-inch overlap in the
longitudinal direction. The size of the static component is affected only by
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changes in effective altitude. The percent change in static component size
is opposite to the percent error in lateral dimension as calculated in Equa-
tion (11). The dynamic component of a resolution element is determined by the
effective velocity of the element and the integration time. The percent
change in dynamic component size is opposite to the percent error in longitu-
dinal dimension as calculated in Equation (12). Thus, on the basis of the
parameters used in the previous example, the maximum static component size
anticipated is 31 percent larger than the nominal size, or 2.5 inches by 3.25
inches. The maximum dynamic component length anticipated would be 80 percent
greater than the nominal length, or 3.4 inches. Although the dynamic resolu-
tion element length is much larger than the static width, the motion of the
camera during the integration period and the static length of the resolution
element weigh the center portion of the dynamic element length much more
heavily than the ends. The central 1.9-inch by 1.9-inch section of the nomi-
nal 1.9-inch by 4.4-inch dynamic resoiution element would account for more
than 70 percent of the signal produced by a uniform field.

LIGHTING REQUIREMENTS

The factors found to influence the lighting requirements can be generally
described as affecting the intensity and efficiency of the light source. A
wide range of factors influence the intensity of the light source. Essen-
tially, they can be sorted into the following categories:

1. Irradiation required at the observed ground
2. Required area of lighted ground
3. Efficiency of the lamp design

The factors affecting the efficiency of the Tight source include the
radiometric efficiency of the lamp and the efficacy of the source spectral
distribution with respect to the spectral response of the sensor. All of
these factors affect the electrical power requirements of the lighting system.

Irradiance Required at Observed Ground

The irradiation required on the observed ground was found to be a func-
tion of lens speed designation, maximum integration time, peak-to-peak noise
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level of sensor, system input noise level, spectral reflectance of observed
ground, and light transmission losses through the camera lens and through the
atmosphere. '

The 1ens speed designation, or f stop number, is one of two character-
istics (the other being the focal length) that describe a camera lens. The
lens speed designation is a direct measure of the amount of 1ight that passes
through the lens. The lower the f stop number, the more light passes through.
The amount of light varies inversely as a square of the f stop number. Hence,
in low light level applications, it is desirable to use a lens with a low f
stop number, As the * stop number decreases, however, image distortion due to
aberrations increases, and a point is reached at which image quality is sac-
rificed for increased 1ight. A 25-mm lens with an - stop number of 1.2 was
initially selected for use with the CCD camera.

The line-scan time, the dynamic component, the aperture width of the CCD
array projected onto the ground (static width), the acceptable degree of image
blur, and the velocity of the carrier aircraft all affect the lighting
requirements by their influence on the permissible exposure or integration
time (the length of time each element of the CCD array is irradiated). To
minimize the intensity of light required, it is necessary to use the maximum
acceptable integration time,

For a given integration time, the minimum irradiation required on the
array sensor is a function of the minimum exposure. The lower bound of the
exposure that may generate an adequate image is the exposure at the peak-to-
peak noise level of the sensor. A minimum exposure of 0.01 nJ/mm’ was used
in these lighting calculations,

The amount of ground irradiation that will be needed to provide the
irradiation required on the array sensor is dependent on the spectral reflec-
tance of the observed ground and on light transmission losses through the
atmosphere and through the camera lens. The irradiation requirement is com-
puted by determining the extent of the light transmission losses through the
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lens and atmosphere and correlating the minimum exposure that will generate
an adequate image with the Towest percentage of the on-ground irradiation
reflected to the sensor,

Light transmission losses are negligible over the transmission distance
of the reconnaissance when the atmosphere is clear. When haze, fog, clouds, |
snow, rain, dust, or smoke are present, light transmission Tosses are sig-
nificant.

Light transmission losses through the lens range from 10 percent to
35 percent. A common lens usually has a transmissivity of about 80 percent.
A transmissivity of 85 percent was assumed in the lighting computations.

The range of the spectral reflectance of materials that can be encoun-
tered in the rapid runway repair (RRR) reconnaissance is broad. The spectral
reflectance of some of these materials is given in Table 14 (Reference 6).
Black asphalt has the lowest spectral reflectance (6 percent) throughout the
spectral response region of the CCD sensor, but the lowest percentage of the
on-ground irradijation reflected to the sensor will come from the cylindrical
surface of a deep and narrow hole in the asphalt pavement, created by a piece
of unexploded ordnance. Depending on the location of the hole relative to
the aircraft, the irradiation on the sensor, reflected from the circular sur-
face of the hole, will range from nearly zero to about one-half of the irra-
diation reflected from the asphalt pavement.

Because the energy reflected from the hole in the asphalt pavement
represents the lowest percentage of the on-ground irradiation refliected to
the array sensors, it was correlated with the exposure at the peak-to-peak
noise level of the sensor. The on-ground irradiation corresponding to this
energy was easily determined when the energy reflected from the hole was
expressed in terms of a spectral reflectance relative to the asphalt pavement.
A spectral reflectance of 3 percent was used in the lighting calculations.

Area of Lighted Ground Required

The ground area lighted with the high-intensity lamp must be large
enough to ensure adequate lighting over the area scanned by the CCD array.
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TABLE 14. SPECTRAL REFLECTANCE OF COMMON MATERIALS

Material Spectral Ref]ectance,a
percent
Concreteb 40-45
Cement Block 37-39
Blacktop Asphalt 6-7
Brick, Dull Red and Face 28-45
H : Dolomite (Crushed Stone) 18
Sand, Dark and let 8 j
Sand, Dark and Dry 18 ;
Sand, thite and Wet 40-45
Sand, White and Dry 68-76
Soil, Dark, Wet and Dry 27-30
Soil, Light and Wet 34-40
Soil, Light and Dry 64-69
LAA? Green Leaf, Bottom and Top Sides 48-50

(Reference 6)

a. Spectral reflectance for wavelengths between 700 nm and
1000 nm.  The spectral reflectance values tabulated are for a
dry surface unless otherwise indicated.

b. The spectral reflectance of concrete was not given.
Because concrete is a little lighter in color than cement
blocks, its spectral reflectance was estimated to be within
the range of 40 to 45 percent.

The size of the area required is primarily dependent on whether or not the
lighting and camera platforms are aligned and stabilized. If they are sta-

bilized, the size of the lighted area will be dependent on the lag in tracking
time between platforms and on the precision of their alignment. If the light |
and camera platforms are mounted on a single rigid frame that can be attached |
to the carrier aircraft, a fine positioning of the platforms and a well

aligned on-ground projection of the light beam and CCD array can be achieved.
Preliminary calculations indicate that an allowance of +1 degree about each
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axis of the area scanned by the CCD array may provide adequate coverage for
the lag in tracking time and the tolerance in alignment of the platforms.

This means that at a reconnaissance elevation of 270 feet, a rectangular area
of 9 feet by 280 feet must be lighted to ensure coverage of the 2.5-inch by
270-foot area scanned by the CCD array. If the lighting and camera platforms
were mounted directly on the carrier aircraft, accurate alignment would be
difficult and uncertain, and the allowance for misalignment would have to be
increased. In addition, the hardware could not be mounted on a different air-
craft without realignment because it is unlikely that the hard mounting points
on the two aircraft would be identical in position and orientation. '

If only one of the two platforms is stabilized, the size of the lighted
ground area will be determined primarily by the stability of the aircraft and
by the initial alignment of the two platforms. If neither platform is stabi-
lized, the size of the lighted area will be dependent only on the alignment of
the platforms. However, the path of the on-ground projection of the light
beam and CCD array will be determined by the stability of the aircraft. Gen- '
erally, the stability of the aircraft increases with increased size and
weight. The size of lighted ground area that will ensure adequate lighting
for various degrees of yaw, roll, and pitch can be determined by using Equa-
tions (9) through (12).

Efficiency of Lamp Design

The Tight source consists of several high-intensity lamps and an array
of mirrors designed to reflect the light from the lamps to a rectangular area

on the ground. The efficiency of the lamp design is determined by the per-
centage of light output that is confined to the desired ground area and the
variation in ground irradiation parallel to the scanning direction of the CCD
array and perpendicular to that direction.

The degree to which the lamp design confines the light output to the
desired area directly affects the intensity required of the light source and 1
the electrical power requirement for the lighting system. Discussions with a
lamp manufacturer indicate than an efficiency of 50 percent may be expected.*

*Communication with Paul Burke, Optical Radiation Corporation, Azuza,
California, November 7, 1978,
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Similarly, the electrical power requirement of the lighting system may be
minimized if the ground irradiation is made as uniform as possible over the
entire area. It appears that a lamp may be designed to provide nearly uniform
irradiation in the direction perpendicular to the scanning direction of the
CCD array, but it may not be feasible to design a lamp in such a way as to
compensate for the variation in irradiation in the scanning direction. There-
fore, the irradiation in this direction will be a function of the angle
between the vertical axis of the stabilized platform and the line of sight
from the camera Fo the observed surface. The maximum irradiation (Ec) will
occur at the center of the lighted area and will decrease towards the end of
the area in proportion to cos“2. For a reconnaissance elevation of 270 feet
and a lighted area 280 feet in length, the irradiation at the end of the area
(E.) is given as:

y
— "
Ey = Ec cos’ 27.4 deg
Therefore,
Ey = 0.62 EC
or
EC = 1.61 Ey (13)

The efficiency of the light source is determined by the number of radio-
metric watts generated per electrical watt and on the efficiency of the spec-
tral distribution of the source in relation to the spectral response of the
CCD device. Ray Pfoutz of the Reticon Corporation has indicated that the CCD
sensor is sensitive to from 20 to 25 percent of the input wattage of a tung-
sten halogen lamp.*

The xenon lamp was one of the most efficient of the lamps reviewed. The
xenon spectrum is substantially continuous in the ultraviolet, visible, and
near-infrared wavelengths, with some particularly strong lines in the 800-nm
to 1000-nm wavelength. The lamp appears to be about 33 percent more efficient
than the tungsten halogen lamp.

*_etter, November 9, 1978,
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Electrical Requirements

The electrical power and the on-ground irradiation required to provide
adequate irradiation on the 1728-element CCD array were estimated. The compu-
tations were based on the following parameters:

Aircraft velocity = 70 knots (80.5 mph)

Field of view = 270 feet
Lens speed designation = 1.2
Aperture opening = 16 um

The ground resolution of each element was 1.9 inches using a 1728-element
CCD array for a field view of 270 feet. The static width of the line scan
was 1.9 inches for an aperture opening of 15 um. A line-scan time of 1.32 ms
was required for a dynamic component equal to the static width. This time was
obtained when a sampling frequency of 1.31 MHz was used. The integration time
was set equal to the line-scan time. Assuming that an exposure of 0.01 nJ/mm?
will generate an adequate image, the irradiance required at the CCD device was
computed as 7.6 nW/mm‘. With negligible light transmission losses through the
atmosphere (clear atmosphere), a lens transmissivity of 85 percent, a lens
5 stop number of 1.2, and a spectral reflectance of 3 percent, the minimum
irradiation required on the ground to provide the irradiation required on the
CCD sensor was computed as 0.156 W/ft®. However, this value was increased by
a factor of 1.61 to compensate for the cos“6 variation in irradiation over the
Tighted area in the scanning direction. Therefore the irradiation required on
the ground directly below the camera was 0.251 W/ft-°.

The electrical power required to light the 9-foot by 280-foot ground area
was computed as 4217 watts for a xenon light source. This value was based on
the assumption that the CCD sensor is sensitive to 30 percent of the input
wattage and that the lamp design is 50 percent efficient.

The 4.2-kW electrical power requirement of the lighting system is an
optimistic estimate. The actual power requirement may be substantially
higher. The parameters that may raise the power requirement significantly
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above the estimate are primarily the limiting value of the percent increase of
the dynamic width scanned by the array over the static width and the minimum
exposure based on the actual system input noise level and the CCD noise level.

CONCEPTUAL LIGHTING SYSTEM AND PLATFORM DESIGNS FOR FSP

In an investigation of the feasibility of developing a universal platform
and mounting system for the FSP, NMERI obtained information on the mounting
points, stability, vibrational characteristics, payload capacity, and electri-
cal capacities of the specified carrier aircraft. The camera stability
required to produce a usable image was investigated. After the camera light-
ing requirements had been examined, it was decided that the lighting system
should be considered in the universal platform and mounting system because the
camera and light source would have to be very carefully aligned in order to
keep electrical power requirements within reasonable limits. It was deter-
mined that a universal mounting system was not feasible, primarily because of
the bulk of the anticipated Tighting system and variations in the hard
mounting points on the various aircraft. \hen a more sensitive sensor is
selected, the lighting requirements will be reduced and the feasibility of a
universal mounting system should be reexamined. AFESC indicated that the
UH-1IN type helicopters and the 0V-10 aircraft would be favored as carriers.
The QV-10 proved to be an unsuitable carrier because of its high minimum fly-
ing speed and its undesirable Tow-speed handling characteristics. Therefore,
a conceptual design was made of a Tighting system and platform and a mounting
system compatible with the UH-1N-type helicopter. The mounting system
includes two stabilized platforms, one for the camera and one for the light
source. The platforms are located in a single, rigid frame to simplify align-
ment, and they are stabilized about all three axes. One vertical reference
unit is used to position both platforms. Accelerometers are mounted on the
camera platform, and a radar altimeter is attached to the mounting frame to
provide image-correction signals.

Lighting System Design

To make the CCD camera system operable at Tow light levels and at night,
it is necessary to provide artificial lighting. A conceptual design of the
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lighting system was undertaken with the purpose of developing an adequate and
simple system at a minimum cost. The study of the CCD camera lighting
requirements has shown that it is necessary to minimize the size of the ground
area that must be lighted to ensure adequate lighting over the area scanned by
the CCD sensor. To accomplish this, the lighting system was designed to con-
sist of a single, custom-designed, high-intensity light source mounted on a
three-axis gyrostabilized platform with a manual yaw adjustment. The camera
platform will be in extreme compliance with the output of the 1ighting plat-
form's roll, pitch, and yaw synchros.

An allowance of =1 degree about each axis of the area scanned by the CCD
array will provide adequate coverage. Therefore, at a reconnaissance eleva-
tion of 270 feet, a rectangular area of 9 feet by 280 feet must be illuminated
to adequately cover the 2.5-inch by 270-foot area scanned by the CCD array.
Although the aspect ratio of the lighted area is unusually large, a lamp nanu-
facturer has indicated that a light that will cover this area can be manu-
factured.>

The light source consists of several high-intensity lamps and an array of
mirrors designed to reflect most of the light from the lamps to a rectangular
area on the ground. The array of mirrors is arranged to produce a uniform
irradiance on the ground in the direction of the motion of the aircraft. The
irradiance perpendicular to this direction is a cosine function. Computer
techniques can be used to compensate for variations in the brightness of the
image resulting from variations in irradiance. Xenon lamps with a total
wattage of at least 4.2 kW are specified. In the conceptual design of the
lighting system, the camera and the light source are separated as much as
possible,

Universal Platform

NMERI considered the feasibility of developing a universal plaiform for
the camera alone. A completely stabilized platform (three axes) including
camera and gyros would be a relatively small package, roughly 24 inches by
18 inches by 12 inches, and would weigh less than 50 pounds. The platform

*Comiunication with Paul Burke, Optical Radiation Corporation, Azuza,
California, November 7, 1978.
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would compensate for the angular motion of any of the aircraft considered, and
the package would be small enougn to be safely mounted on a beam projecting
from the side or rear door of the aircraft. Specialized electrical adaptors
and mounting fasteners would be required for the various aircraft.

After the lighting requirements of the CCD camera were examined, it
became apparent that a very large lighting system would be required. To keep
the electrical requirements of the lighting system within reasonable limits,
the ground area to be illuminated would have to be limited by a carefully
focused beam, and the light source would have to be carefully aligned with the
field of view of the CCD camera. Alignment of the camera and light source
would require that the 1light source be stabilized about the same axis as the
camera; otherwise, the ground area sensed by the camera could deviate from the
area illuminated by the light source. To maintain the proper alignment, gyro-
scopes would be used to stabilize one platform, and the second platform would
track the position of the first by following signals from the synchros on the
first.

It was estimated that an unstabilized 5 kW light source, including lamp,
reflectors, and power convertors, would measure approximately 36 inches by
18 inches by 18 inches and would weigh approximately 150 pounds. A stabilized
Tight source, including platform, would have dimensions of approximately
52 inches by 24 inches by 24 inches and would weigh approximateiy 300 pounds.
The bulk of the unstabilized 1ight source would require the use of hard mount-
ing points such as bomb shackles, sling attachment points, hoist attachment
points, or other external mounts. Because no hard mounting points are common
to all of the aircraft considered, a universal mounting system does not appear
to be feasible.

latform Design

In developing the conceptual platform design, NMERI examined both the

expected motion of the UH-1N helicopter and the effects of camera motion on
the displayed image. (These topics are discussed elsewhere in this report.)
Stabilizing the platform about three, two, one, or no axis and using a manual
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yaw adjustment were considered. In light of the large translational and rota-
tional motions anticipated for the UH-1N in heavy gust conditions (+40 to

50 feet altitude, #30 to 40 feet lateral motion, *10 knots velocity, and =5 to
8 degrees rotation in a 20-knot gust spread), it was decided that a three-axis
stabilized platform would be required to keep the runway within the camera's
field of view. A manual yaw adjustment would be used to orient the CCD camera
on the approach to the runway.

The platform design incorporates a standard three-axis, gyrostabilized
platform, similar to a USAF Type A-28, to stabilize the lighting system. An
additional gyroscope is mounted on the azimuth ring, along with the lighting
system, to provide yaw angle feedback.

The camera platform is custom fabricated. [t has pitch and roll gimbais
and an azimuth ring and is tied in to the output of the lighting system plat-
form's roll, pitch, and yaw synchros. The azimuth ring is large enough to
accommodate the CCD camera head and two accelerometers aligned parallel with
and perpendicular to the CCD axis. The two platforms are mounted 8 feet apart
in a single rigid frame (Figure 15).

The mounting system attaches the frame, containing the gyroplatforms, to
the helicopter; isolates the frame from the vibration of the helicopter; and
positions the frame so both the camera and lighting system have a clear view
of the ground while the aircraft is in flight. The mounting system consists
of cross-braced struts attached to four external hard mounting points, nor-
mally used for minigun or rocket pod mounts, below the side door of the heli-
copter and four points on the platform frame. The attachment point on the
platform frame incorporates vibration-isolation devices. Additional isolation
devices could be incorporated in the struts themselves. Electrical cables
linking the various devices mounted on the platforms to devices in the heli-
copter are secured to one of the struts and enter the helicopter through the
side door. The entire camera-lighting system platform is enclosed in a
streamiined pod. The mounting struts could also be streamlined. Figure 16
shows the complete stabilized platform and mounting system in place on the
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helicopter. A dummy pod may be required on the opposite side of the helicop-
ter to counterbalance the weight and aerodynamic drag caused by the camera
pod. The dummy pod could be used to stofe equipment such as power supplies,
battery packs, digitizer, recorder, transmitters, additional lighting, or a
complete backup system.

This conceptual design is intentionally a generalized design. The light-
ing requirements of the CCD camera and the size and weight of the lighting
system were found to be extremely high. The sensitivity of CCD devices is
constantly being improved, and techniques for intensifying existing devices
are being developed. A study of possible improvements to the CCD camera and
alternate sensors has been conducted. The recommended sensor change would
result in significant changes in the size, weight, and power requirement of
the lighting system, which, in turn, would significantly alter the require-
ments for the platform and mounting system. For this reason, neither a
lighting system nor a stabilized platform was constructed for the concept
verification DAS.

DATA LINK TRADEOFF ANALYSIS

NMERT conducted a tradeoff analysis of possible data-transfer devices for
linking the FSP and the IAS. The purpose of the data-transfer device is to
transfer the imagery data gathered by the line-scan camera of the FSP to the
mass storage disks of the IAS. NMERI investigated the following data-transfer
device options:

1. Digital radio frequency (RF) transmission system
2. Analog RF transmission system

3. Digital airborne magnetic tape recorder system

4. Analog airborne magnetic tape recorder system

Several variations of each were considered. The follg. ~ 1u **vs were
assessed in the tradeoff analysis:

1. Data rate capability
2. Data transfer time
3. Data survivability
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4, Data quality

5. Denial of data to enemy
6. Flexibility

7. Reliability

8. HMaintainability

9. Cost

In the selection of a data-transfer device for the concept verification
system, the fcllowing criteria were applied:

1. The transfer device should not limit the data precision (gray
scale) the camera is capable of generating.

2. The transfer device should be capable of reducing the data rate
generated by the camera (1.5 Mbytes/s) to a rate acceptable to
the Unibus used in the IAS (approximately 500 kbytes/s).

NMERI recommended that an airborne digital magnetic tape recorder with
ground playback capability be selected for the demonstration system.

Data-Transfer Device Options

In considering the four data-transfer device options, NMERI assumed that
the rate of data output by the camera would be 1.5 Mpixels/s, which converts
to 1.5 Mbytes/s for 8-bit/pixel precision. It was also assumed that the
carrier aircraft would remain within three miles of the ground station while
gathering data, that the flying altitude would be between 200 and 500 feet,
that the flying speed would be approximately 70 knots, and that line-of-sight
could be maintained between the aircraft and a ground antenna.

The digital RF link consisted of a digitizer, an encoder, a transmitter,
and an antenna mounted in or on the aircraft as well as an antenna, a
receiver, a decoder, a bit synchronizer, and an interface on the ground. A
digital tape recorder and an additional interface on the ground were required.
The analog RF 1ink consisted of an encoder, a transmitter, and an antenna in
the aircraft and an antenna, a receiver, a decoder, a digitizer, and an inter-
face on the ground. Either a digital or an analog recorder and appropriate
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interfaces were also required on the ground. In both systems, transmitter
power, antenna design, and receiver-preamplifier gain were balanced against
bandwidth and range to obtain the desired signal-to-noise ratio (SNR) and fade
margin. Enciphering equipment could be added to either system for data pro-
tection or denial.

The digital and analog airborne recorder systems were very similar. The
same transport and head mechanism could be used for either option. Only the
electronics differed. In the digital system, the digitizer was located in the
aircraft; in the'analog system, the digitizer was located on the gfound. An
interface to the POP-11 Unibus was required. Both fixed- and rotary-head
recorders were examined. The concept of moving the entire tape transport and
head mechanism from the aircraft to the ground station and transporting only
the tape, which would require two transport and head mechanisms, was
considered.

Tradeoff Analysis
Data Rate

Only the fixed-head analog tape recorder and the rotary-head digital
recorder could not handle the anticipated data rate. The fixed-head analog
recorder, in which wide band II-type electronics are used, is limited to
approximately 1 Hpixels/s; the rotary-head digital recorder is limited to
about 1.25 Mbytes/s.

Data Transfer Time

In the concept verification system, where a 4:1 reduction in the
data rate is required to load the mass storage disks, the RF links would
require about 10 minutes to complete the transfer of data from a single run-
way. The airborne recorders would require about 15 minutes.

Data Survivability

The tape recording systems appear to be less susceptible to data
loss than the RF links. The RF links would be susceptible to jamming, spuri-
ous RF signals, and multipath interference. Equipment malfunctions could
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affect any system. Data survivability in the RF link can be enhanced by
increasing the SNR and fade margins and by careful antenna design, all of
which increase the cost of the system.

Data Quality

The digital RF 1link and the airborne digital recorder system both
digitize the imagery data at the output of the camera. The camera clock is
used to synchronize the digitizer. This method of digitization represents the
camera signal more accurately than would the digitizing of a recorded or
transmitted analog signé1.' Both the digital RF link and the recorder are
capable of handling 8 bits/pixel of data at the required rates. The bit
error rate (BER) of the RF link is dependent on the SNR and can be better than
1 in 10'!'. This BER is comparable to that anticipated for the mass storage
disk system. The BER for a fixed-head digital recorder is better than 1 in
107 bits. The analog RF link requires 3 dB of SNR for each bit of pixel
precision. The RF link SNR can be designed to carry an 8-bit precision analog
signal. An analog recorder requires 6 dB of SNR for each bit of pixel pre-
cision desired. The rotary-head video recorder had the highest SNR, at 40 dB,
of any of the analog recorders investigated. This SNR is good for a precision
of Tess than 7 bits/pixel.

Data Denial

Data being transmitted by RF Tink is susceptible to interception by
an enemy. Enciphering and deciphering equipment can be added to the RF Tink
to make the data more difficult for an enemy to use. Careful design of the
transmitting antenna will Timit the locations at which an enemy receiver could
pick up the data. The airborne recorders would be much less susceptible than
the RF links to data interception.

Flexibility

A1l of the options considered are capable of handling a variety of

data rates. Only the recorder systems are capable of reducing the input data
rate at the output of the device.
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Reliability

A1l of the options considered can be assembled from components that
meet military specifications for airborne or other harsh environments. The
major components of each option have been in service for a number of years and
have proven themselves reliable. The reliability of a particular option will
depend more on the manufacturer and model of the equipment used and on the
maintainence of that equipment than on the type of option selected.

Maintainability

The maintainability of the data-transfer device depends more on the

manufacturer and model of the equipment used than on the option selected. The
mechanical components, such as tape transports and tracking antenna, require
more maintenance and adjustment than the electrical components, but the degree

of maintainability depends a great deal on the specific equipment selected.

Cost

The analog airborne recorder appears to be the least expensive
option considered; however, this system is not capable of the 8-bit/pixel pre-
cision desired. The cost of a good, rugged, airborne analog recorder and
playback system with digitizer and interfaces would be in the $90,000 range.
The cost of a similar digital recorder system would be about $110,000. The
price of the RF options can vary greatly depending on data rate, SNR, fade
margin, enciphering equipment, antenna design, and other factors. An RF
system capable of 8-bit precision and 1.5-Mpixel/s sampling rates, including
a tracking ground antenna without enciphering equipment or ground tape system,
would run approximately $130,000 for an analog system and $150,000 for a digi-
tal system. i

Recommendation

As a result of the data-link tradeoff analysis, NMERI recommended that a
digital airborne recorder system be selected as the data transfer device to be
used in the concept verification system.
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STABILIZED PLATFORM VERSUS IMAGE CORRECTION

NMERI conducted a tradeoff analysis of FSP sensor stabilization and
image-correction techniques. The purpose of the analysis was to determine the
best means of minimizing loss of resolution and errors in measured damage
sizes and locations caused by nonideal aircraft motion. The results of the
analysis were used in platform and software development for the concept veri-
fication system and in making design recommendations for future DAS

development.

Four degrees of FSP sensor stabilization were investigated:

1. No stabilization

2. Stabilization about the roll axis

3. Stabilization about the roll and pitch axes

4. Stabilization about the roll, pitch, and yaw axes

Three types of image correction were investigated:

1. Use of operator interaction
Use of correction signals produced in the FSP and aircraft
Use of automated feature recognition in the IAS

Stabilization and image correction were considered both separately and in com-
bination. The following parameters were evaluated for each option:

Size, weight, and ease of mounting
Data quality

Cost

1

2

3. Data processing time required

4

5. Maintainability and reliability.

The anticipated aircraft motion, effects of camera motion or the gathered
maqge, and resuits of preliminary FSP testing discussed elsewhere in this
cort were used to ‘Tuate the various options.

credr Platforms

o nlatforms considered in this study, a feedback control
© o+ . and synchros was used to stabilize each axis.




The tolerance to which an axis is stabilized depends on the system design and
components used. Tolerances of 0.5 degree and 0.5 degree per second were
assumed in this study. These tolerances allow a position error on the ground
of 2.4 feet about the roll and pitch axes and a maximum of 1.2 feet about the
yaw axis when these axes are stabilized. Stabilized platforms compensate for
angular motion of the aircraft but will not correct for linear motion such as
changes in altitude or lateral drift, or for changes in forward velocity or
1inear vibration.

A'r011—stabi1izéd platform for the Fairchild CCD camera would measure
approximately 1.5 feet long by 1 foot wide by 1 foot deep and would weigh
approximately 30 pounds (including camera). A roll- and pitch-stabilized
platform, with or without yaw stabilization, would measure approximately
1.5 feet by 1.5 feet by 1 foot and would weigh 50 to 60 pounds. HMounted in a
streamlined pod, either of these platforms could easily be attached to the
UH-TN or the T-41 aircraft. A specialized pod would be required for each type
of aircraft. An unstabilized platform would be just large enough to accept
the camera and would be mounted in a streamlined pod; the platform would be
approximately 8 inches long by 6 inches wide by 10 inches deep (including
camera). The total weight could be less than 10 pounds. An unstabilized
platform would be extremely easy to mount on either a UH-1N or a T-41
aircraft.

By using Equation (9) it was determined that roll, pitch, and yaw
increase the static component size of the ground resolution element of an
unstabilized camera by ¢2.5 percent for the worst anticipated aircraft motion
and by 3.0 percent for the aircraft motion encountered during the preliminary
FSP testing. Rol}l stabilization would reduce these values to 1.4 percent and
0.5 percent, respectively. Roll and pitch stabilization, with or without yaw
stabilization, would reduce the effect on the size of the static component to
0.5 percent for both conditions. The static component error due to change in
altitude is 20.4 percent for the worst anticipated aircraft motion and was

3.7 percent during testing.




From Equation (10) it was determined that roll, pitch, and yaw increase
the dynamic component of an unstabilized camera by 39.8 percent for the worst
anticipated aircraft motion. A roll-stabilized platform reduces the error to
34.2 percent. Rcll and pitch stabilization reduce the error to 14.9 percent.
Roll, pitch, and yaw stabilization 1imit the error in dynamic component due to

roll, pitch, and yaw of the aircraft to 3.4 percent. The increase in the
L length of the dynamic component due to the worst anticipated error in forward
speed is 14.2 percent.

Equations (7) and (8) were used to calculate the maximum positional
errors in the gathered image due to the worst anticipated angular motion of
the carrier aircraft and the maximum anticipated altitude error. The lateral
error was 86 feet; the longitudinal error was 78 feet. No yaw angle was con-
sidered in the lateral error because yaw angle reduces the error. The great-
est errors occur at the edge of the camera's field of view. Roll stabiliza-
tion would reduce the error values to 31 feet laterally and 68 feet longitu-
dinally. Roll and pitch stabilization would further reduce the errors to
30 feet laterally and 30 feet longitudinally. Stabilization about the roll,
pitch, and yaw axes would reduce the maximum errors to 30 feet laterally and
« feet longitudinally. Of the remaining 30-foot lateral error, 27 feet are
due to altitude error exclusively. An additional lateral error of 40 feet,
due to the maximum lateral drift expected, is not affected by stabilization.
Another 672-foot longitudinal error, due to the maximum error in average

velocity, is expected at the end of the run.

[t was noted during the preliminary FSP airborne tests that the carrier
aircraft was much less susceptible to disturbances about the pitch and yaw
axes than had originally been estimated. Pitch and yaw could be kept within
-1 degree under the conditions encountered during testing.

The time required to correct image distortion by using a given algorithm
depends on the complexity and amount of distortion present in the image and

the degree and accuracy to which the image is corrected. Generally, the less




distorted the image is, the less time is required for processing. This indi-
cates that the more effectively stabilized the camera is, the less image-
correction processing time will be required. However, significant image dis-
tortion is expected, even with perfect camera stabilization.

The cost of a stabilized platform depends on a number of factors includ-
ing the number of axes stabilized, the precision and accuracy required, and
the size of the sensor to be stabilized. Estimates on the cost of developing
a platform for the Fairchild CCD camera range from $15,000 for a simple unit
with a single stabilized axis to $60,000 for a device having three stabilized
axes.

The Air Force currently uses and maintains a variety of gyrostabilized
platforms for airborne camera systems. The amount of maintenance that would
be required for a stabilized platform for the FSP would depend on the design
and construction of the platform. 'ith proper maintenance, gyrostabilized
platforms are reliable; without proper maintenance, reliability drops rapidly.

[mage Correction

Computer processing of the image gathered by the FSP sensor can correct
geometric distortion caused by both angular and linear motion of the carrier
aircraft. However, the size of the resolution element cannot be reduced, nor
can imagery data from outside the field of view of the sensor be added, by
post-processing. Features within the distorted image can be measured accu-
rately either by restructuring the image to the correct geometry before taking
measurements or by taking measurements from the di:*torted image and then cor-
recting them. The first approach usually results in the loss of high-
resolution data in the corrected image and requires much more processing time
than does the second approach. The second approach is good enough to enable
humans to recognize features with the amounts of distortion anticipated, but
it complicates the automated recognition of damages.

NMERI considered three image-correction techniques in this analysis. By
means of the first technique, the interactive capabilities of the IPS are used
to enable the operator to mark features of known location, such as runway
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edges and ends, taxiway intersections, and runway markings, on the distorted
image. The ICS then uses these locations to interpolate the locations and
sizes of other features marked on the distorted image. By means of the second
method, aircraft motion error signals recorded with the imagery data and equa-
tions similar to Equations (7) through (10) are used to correct measurements
of the distorted image. Three reference points are interactively marked on
the IPS to enable the operator to correlate the runway and image coordinate
systems. By means of the third technique, automated feature recognition is
used to identify the same features that the operator would identify if the
first technique were used. This information is then used for interpolatidn of
the locations and sizes of other features.

The only image-correction technique that would affect the size, weight,
and ease of mounting the FSP is the error signal metnod. Sensors uced to
measure angular motion can be very small: 3 inches by 1 inch by 1 inch per
axis. A radar altimeter measures approximately 1 foot by 1 foot by 6 inches.
Sensors that could be used to accurately measure lateral drift and forward
ground speed could not be located during this investigation. Linear acceler-
ometers were considered, but they proved inadequate.

The size of the ground resolution element cannot be improved by image
correction. [f the image is corrected before damaged areas are identified,
the size of the resolution clement will effectively increase. The precision
with which the image-correction techniques correct for dimension and location
errors depends on the coarseness of the interpretation grid, the accuracy of %
the a.rcraft motion error signals, the sophistication of the correction algo-
rithm, and the accuracy with which reference points are measured. [t was
assumed that locations within -10 feet laterally and =50 feet longitudinally
of the actual locations and dimensions within 10 percent of the actual dimen-
sions would be adequate.

The interactive correction method would require a grid of reference
points on both sides of the runway, separated by 25 feet longitudinally, to
correct an image produced by an unstabilized sensor experiencing the worst
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anticipated aircraft motion. The points would have to be marked only in
regions where severe distortion occurred. It is expected that a portion of
the runway surface would leave the sensor's field of view during these condi-
tions, and images of that portion of the runway would be lost. If the sensor
were stabilized, reference points would be required only every 200 feet along
the edges of the runway, and the longitudinal location would have to be meas-
ured only every 1000 feet. The reference points would have to be measured to
within 1 foot in the distorted image. A two-dimensional interpolation
between four reference points would be required for the unstabilized case. A
one-dimensional interpolation at each reference -point, to compensate for lat-
eral drift, and lateral and longitudinal scale factors calculated less fre-
quently could be used if the sensor were stabilized. By the interactive
method, existing runway features could be used as reference points. This
method is the simplest and most certain of the image-correction techniques
considered.

For the aircraft motion error signal-correction technique, gyroscopes for
each unstabilized axis, an altitude sensor, a ground velocity sensor, and
accelerometers would be required. The accuracy of these sensors will deter-
mine the best correction possible. Adequate gyroscopes and altimeters are
available, but sensors for measuring lateral and longitudinal ground speed
could not be located during this investigation. ‘/ithout these sensors, image
correction will be incomplete. Eguations (7) through (10), implemented in the
software, would correct for location and dimension errors from an unstabilized
camera. Significant portions of these equations would be eliminated if the
sensor were stabilized.

The automated feature recognition technique would require the same number
of reference points as the interactive approach and would perform the same
correction algorithms. Automated recognition would require the use of dis-
vinctive and easily detectable markings as reference points. It is uncertain
how well this method would actually work.
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Using the interactive correction technique, the operator would need
approximately ten minutes to identify reference points and two minutes to
correct all the measured damage locations and dimensions if the sensor were
unstabilized; the operator would need six minutes to identify reference points
and one minute to correct damages if the sensor were completely stabilized.
By the error signal method, one minute would be required for correcting all
damage locations and dimensions for an unstabilized sensor and less than one
minute for a stabilized sensor. The time required for the identification of
reference points by the automated feature recognition.technique is uncertain
but is expected to be more than two minutes. The correction time for this
technique would be the same as that for the interactive technique.

The cost of developing the interactive technique was estimated to be
52000 for software development on the existing IAS. The interactive capabili-
ties of the IPS are required. The cost of the error signal method was esti-
mated to be $2000 for software development, $6000 for data-link modification,
and 56000 for altimeters and gyroscopes. The cost of the sensors that would
measure ground velocity is not known. The cost of developing the automatic
feature recognition software was estimated at $10,000. An additional $2000
would be required for the development of the correction software. How effec-
tive the automatic “eature recognition software would be if it were developed
is questionable.

Maintenance requirements for any of the technigues discussed would be no
nigher than the normal requirements of the IAS. The gyros and altimeters
required for the error signal correction technique are low-maintainance, high-
reliability components. The maintainability and reliability of the ground
velocity sensors are not known.

Recommendations

An unstabilized platform and interactive image correction were imple-
mented in the concept verification system. By means of this approach, image
correction for all types of aircraft motion could be provided within the
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schedule and budget limits of the effort documented in this report. NMERI
recommended that roll-stabilization of the sensor and interactive image cor-
rection be incorporated in the future development of the DAS. It was also
recommended that the investigation cf sensors for measuring ground velocity
and lateral drift, as well as automated image correction software, be con-
tinued because these devices show promise for improving the speed with which
image distortion may be corrected.

SENSOR TRADEOFF ANALYSIS

Examination of QOptions

The Fairchild CCD line-scan camera used for concept verification of the
DAS requires an extremely large artificial lighting system for low light level
and night-time operation. NMERI conducted a tradeoff analysis of options for
reducing the artificial lighting requirements of the FSP sensor by using
either a different sensor or an image intensifier. Six options were examined
in detail: two improved CCD line-scan sensors, two types of image intensi-
fiers, and two laser line-scan sensors. Each option was assessed for cost,
weiqght, size, data quality, maintainability, reliability, effect on lighting
requirements, and other factors related to its use in the FSP portion of the
DAS. lione of the options investigated currently exists as a complete camera
suitable for use in the FSP,

Before the current CCD line-scan sensor was selected for use in the con-
cept verification, all possible sensors, including low light level video,
thermal IR, microwave, and magnetic sensors, were investigated. The CCD line-
scan sensor was selected because of its high resolution and efficient data
format. At the time of this investigation, AFWAL/AARF was evaluating the
various sensors for use in a study of runway damage assessment. NMERI's
sensor tradeoff study was limited to near-visible, reflectance-measuring,
iine-scan sensors., The one exception to this rule was the relief-measuring
laser line scanner, which had not been investigated before and which promises
to offer significant advantages in automatic feature-recognition processing.
The following is a detailed description of the six options examined by NMERI.
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Fairchild CCD 122

The Fairchild CCD 122 is an improved second generation of the
CCD 121 chip used in the current Fairchild CCD 1400 camera. Sensitivity has
been improved by a factor of approximately 2.5, and the spectral response has
been smoothed. Use of this sensor would require the development of a rugged
airborne camera.

Cost: Sensor, $950.
Camera development, = $30,000.
Lighting system development, = $30,000.
Camera guantities > 50, $3,000 to $5,000.
Lighting system quantities : 50, = $10,000.

Yeight: Camera and control unit, = 5 1b.
Lighting system, = 350 Tb.

Size: Camera and control, = 0.5 ft°.

Lighting system, = 20 ft°®,

Data Quality: Ground resolution elements 1.9 by 1.9 inches;
dynamic range 200:1; data quality essentially
the same as current sensor.

Maintainability: ould depend on camera design.
Reliability: Depends on camera design; sensor very good.

Lighting Requirements: 0.4 of the current sensor; extremely large
( 10 kW) stabilized lighting system still
required.

Development Time: 1 year.

Fairchild Time Delay and Integration (TDI) Sensor

The Fairchild TDI Sensor is a 1024- by 64-element CCD array. The
elements are arranged in 64 lines of 1024 elements each. Rather than trans-

ferring the charge accumulated at each photograph site to the output of the @
sensor at the end of the exposure period, the sensor transfers the charge on i

83

— .
>
e




each element of the first line to the corresponding element of the next line,
where it continues to accumulate charge. This line-to-line transfer continues
through the entire array, and the total charge accumulated in the elements of
the last line produces the output of the device. The shift of charge packets
is coordinated from line to line with the motion of the camera; thus, the
photograph sites on successive lines will scan the same area on the ground,
and the exposure time for each line of output is effectively increased by a
factor of 64. The name (time delay and integration) is descriptive of the
process. The Fairchild TDI Sensor is currently being used in the Air Force
Long-Range Electro-Optical Reconnaissance Sensor (LOREORS) Program. The
LOREORS camera is extremely sophisticated and would not be directly applicable
to the DAS. Because the TDI sensor contains only 1024 elements per line,
multiple sensors would have to be used to obtain the resolution required by
the DAS. The resolution of the sensor is sensitive to velocity errors between
the Tine shift rate and the object being viewed, to lateral motions of the
camera, and to nonuniformity of photograph site response.

Cost: Sensor, < $10,000.
Camera development, $80,000 to $100,000.
Lighting system development, $15,000 to $20,000.
Camera guantities > 50, $30,000 to $50,000.
Lighting system quantities ~ 50, = $5,000.

Yeight: Camera and control unit, = 20 1b.
Lighting system, -~ 150 1b.

Size: Camera and control unit, = 1.5 ft*.
Lighting system, 10 ft?.

Data Quality: Theoretically, two sensors (2048 elements) would
provide better resolution than the current sen-
sor, and dynamic range could be nearly 1000:1;
velocity errors and camera motion would degrade
the resolution much more quickly than in the
ciurrent sensor.

Maintainability: Depends on camera design.

84




Reliability: Depends on camera design; sensor is very good.

Lighting Requirements: Reduced by a factor of 64; significant nonsta-
bilized Tighting system (= 5 kW) still required.

Development Time: 2 to 2-1/2 years.

ITT Proximity Focused Channel Intensifier Tubes (PFCIT)

The PFCIT is a miniaturized, high-gain image intensifier tube. It
consists of a photocathode, a channel electron multipler/matrix, and a phos-
phor screen. The ga%n of the tube can be varied up to 1000:1. The PFCIT is
very compact: approximately 2 inches in diameter by 1 inch long. ITT has
optically coupled PFCITs with a number of CCD arrays and has indicated that
the technique can be used on almost any CCD array. For evaluation purposes,
NMERI assumed that the PFCIT would be coupled to a Fairchild CCD 122 array.
The resolution of the PFCIT is limited to 25 line pairs per millimeter (a
20-micron spot size compared to a 13-micron photosite dimension in the CCD 122
array). The limited resolution of the PFCIT plus the effects of the optical
coupling would reduce the resolution of the CCD sensor by 50 to 100 percent.
The PFCIT has not been coupled to a high-resolution CCD array, although the
technique should be directly transferable from ITT's experience with low-
resolution arrays. In order tc meet the resolution requirement of the DAS,
NMERI assumed that the camera developed to house the intensified array would
use two intensified 1728-element sensors and lens systems arranged so that
each would scan one-half the width of the runway.

Cost: Intensified array development (each),
$10,000 to $15,000.
Camera development, $50,000 to $70,000.
Lighting system development, $8,000 to $10,000.
Camera quantities > 50, $15,000 to $20,000.
Lighting system quantities > 50, $1,000 to
$3,000.

Weight: Camera and control unit, = 10 1b.
Lighting system, = 50 1b.
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Size: Camera and control unit, = 1 ft?.
Lighting system, = 2 ft°,

Data Quality: Resolution of two 1728-element arrays approxi-
mately 1.5 to 2 inches ground resolution ele-
ment (800 to 1100 samples/line/array); dynamic
range approximately 200:1 at given gain; inten-
sity gain adjustable up to 1000:1.

Maintainability: Essentially same as unintensified CCD: good.
' Reliability: . Good; solid-state electronics.

Lighting Requirements: With a gain of 1000:1 and the sensitivity
improvement of 2.5 times provided by the
CCD 122, a Tow-power (=500-4), unstabilized,
broadly focused lighting system would suffice.

Development Time: 1.5 years.

ITT Proximity Focused Diode (PFD)

The PFD is a relatively low-gain image-intensifier tube. It con-
sists of the photocathode and a phosphor screen without a channel electron
multiplier matrix. The lack of a channel plate 1imits the gain of the device
to less than 50:1, but resolution improves to nearly 50 line pairs per milli-
meter. The coupling technique described for the PFCIT could be used to couple
the PFD to a CCD array. NMERI assumed that the Fairchild CCD 142, a
2048-element version of the CCD 122, would be used. The resolution of the
CCD array would be reduced by only 20 to 30 percent. The development costs
and problems associated with the PFCIT sensor would also apply to the PFD. A
significant lighting system would still be required with a PFD.

Cost: Intensified array development, $10,000 to
$15,000.
Camera development, $40,000 to $50,000.
Lighting system development, $15,000 to
$20,000.
Camera quantities > 50, $10,000 to $15,000.
Lighting system quantities > 50,
$5,000 to $8,000.
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Weight: Camera and control unit, = 7 1b.
Lighting system, = 150 1b.

Size: Camera and control unit, = 0.7 ft?.
Lighting system, = 10 ft°.

Data Quality: Ground resolution element size for 2048-element
array approximately 1.98 inches to 2.25 inches
(1434 to 1638 samples per line); dynamic range
approximately 200:1; gain adjustable to
approximately 50:1.

Maintainability: Same as CCD camera: good.
Reliability: Good; solid-state electronics.

Lighting Requirements: With a gain of 50:1 and the sensitivity
improvement of 2.5 times provided by the CCD,
this unit will still require either a large
(2-kW), unstabilized lighting system or a
smaller, carefully aligned and stabilized
lighting system.

Development Time: 1.5 years.

Perkin Elmer System B Day/Night Reconnaissance System

The System B is a compact version of the KA-98 Day/Night Sensor
currently in the Air Force inventory. A prototype has been built and tested
with excellent results. The sensor uses a solid-state GaAs laser to provide
its own illumination. A rotating mirror sweeps the laser beam across the
field of view. A second mirror, mounted on the same shaft, transfers the
reflected 1ight to the photodetector. The system is currently configured for
medium-altitude, medium-resolution reconnaissance and would provide a resolu-
tion spot size of 3.6 inches at an altitude of 300 feet. Perkin Elmer has
indicated that the sensor could be tuned for the DAS requirements, through
several straightforward modifications, to produce a resolution spot size of
2.0 inches. The sensor can provide internal roll compensation. No other
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lighting system is required. The low power requirement (less than 200 watts)
attests to the efficiency of the system. The entire package is small and
lightweight and thus could be mounted easily on a variety of aircraft.

Cost: First unit, $50,000 to $100,000.
Quantities 50 to 100, $25,000 to $50,000.
Lighting system, $0.

tleight: Complete sensor system, roll-stabilized,
< 21 1b.

Size: Complete sensor system, < 0.3 ft®.

Data Quality: Resolution currently 3.6 inches; element size
could be improved to < 2.0 inches,

Maintainability: Mechanical mechanism may cause difficulties for
field adjustment; otherwise generally good.

Reliability: Components of system have proven reliable
individually; complete system should be good.

Lighting Requirements: No additional lighting required.

Development Time: 1 year.

Perkin Elmer System B Relief Measuring Sensor

The System B Relief Sensor is a modified System B Day/Night Sensor.
The laser has been modified, and an electronics package has been added to
allow the intensity of the laser beam to be modulated and the phase shift of
the returning signal to be determined. The phase shift measured produces a
signal proportional to the relief of an object being sensed. The sensor aiso
produces a normal monochrome reflectance image. The System B Relijef Sensor
is still under development; however, the capabilities of the sensor--both the
field demonstration version and one tuned to meet the DAS requirements--should
be examined closely when a sensor is selected for the DAS. The relief data
prcduced by this sensor would help distinguish ports of entry, spalls, and
debris. The algorithms for automated feature recognition would be dramat-
ically simplified if relief data could be used, and automated damage sizing,
location, and classification in the DAS would then be practical.
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Cost: First camera, $100,000 to $150,000.
Quantities 50 to 100, $40,000 to $80,000.
Lighting system, $0.

30 1b.
0.8 ft?.

4

Weight: Complete sensor and electronics,

I}

Size: Complete sensor and electronics,
Data Quality: Classified.
Maintainability: Same as System B Day/Night: good.
Reliability: Same as System B Day/Night: good.
Lighting Requirements: No additional lighting system required.

Development Time: 2 years.

Tradeoff Analysis

The power requirements and the bulk of the lighting systems required for
the Fairchild CCD 122 and TDI sensors effectively eliminate them from con-
sideration for use in the FSP as it is currently conceived. The PTD inten-
sified array is borderline in this respect.

Development costs for all the intensified array sensors with lighting
systems and the System B Day/Night Sensor fall within the $50,000 to $100,000
range. Development cost for the System B Relief Sensor should be under
$150,000. In quantities of 50 to 100, the intensified array systems hold a
cost advantage over the System B Day/Night Sensor: $15,000 to $25,000 versus
$25,000 to $50,000. 1In quantities of 1000, however, the cost of all the sys-
tems falls to a point between $2,000 and $3,000. The System B Relief Sensor
would cost between $40,000 and $80,000 in quantities of 50 to 100.

The System B sensors are far more compact than the other devices and con-
sume much less power. They could also be maore easily adapted than the others
to a variety of carrier aircraft. The PFCIT intensified array system could be
packaged in a reasonably adaptable form. The PDT intensified array would
require a very bulky package specifically designed for each aircraft. The
T-41 would probably be eliminated as a sensor carrier.
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The maintainability and reliability of each of the sensor systems will
depend on the final system design. The time requirements for the development
of a prototype system are similar for all six options. In no case would more
than two and one-half years be required. The System B Day/Night Sensor
already exists in a prototype form and would have only to be modified to meet
DAS needs. The System B Sensor could therefore be implemented very guickly.
More uncertainty is associated with the development of the other systems.

Conclusions

In light of the information gathered for this tradeoff analysis, it
appears that the System B Day/Night Sensor would best solve the lighting
requirement problems associated with the current FSP sensor. It is the most
compact system considered and is in the most advanced stage of development.
Its development costs are nearly identical to those for the intensified
arrays, although the quantity cost estimate is somewhat higher. The System B
Day/Night Sensor also has the advantage of sharing many components with the
System B Relief Sensor. The Relief Sensor could significantly reduce the
damage assessment time through its fast automatic feature-recognition algo-
rithms. Development of the Relief Sensor would take significantly more time
than would development of either the Day/Might Sensor or the intensified
arrays.

The PFCIT intensified array offers a good alternative to the System B
sensors. The PFCIT system could be very compact, and the lighting system
could be very simple. The PFCIT system shares no components with the System B
Relief Sensor.

The current development status and costs of the various sensors must be
reevaluated before a sensor is selected for the prototype DAS.

TESTING OF FSP SENSOR

The Fairchild CCD 1400 line-scan camera obtained by NMERI was tested at
the factory for responsivity to tungsten and xenon light sources. Two types
of light sources were used in the responsivity tests: a tungsten incandescent
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lamp and a xenon arc lamp. The tungsten source, with a color temperature of
2854 K, is an industry standard. The xenon arc lamp produces a spectral dis-
tribution that matches the spectral sensitivity of the sensor much more
closely. Responsivity to each light source was measured with and without a
Corning Type 1-75 infrared (IR) filter on the camera. The purpose of the IR
filter is to reduce cross talk between adjacent pixels in the sensor by means
of the deep penetration of IR photons. Responsivity of the sensor to the
tungsten light source was measured at 2.56 V/nJ/mm? with the IR filter in
place and 7.71 V/nJ/mm? without the filter. Responsivity of the sensor to
the xenon source was 8.04 V/nd/mm® with the IR filter and 24.6 V/nJ/mm? with-
out the filter.

The vibration tests were conducted by NMERI. These subjected the camera
and control unit to Tinear accelerations ranging from 0.5 g to 2 g at fre-
quencies ranging from 5 Hz to 2000 Hz. These accelerations were applied to
the camera along the axis of the CCD array and along an axis in the focal
plane of the camera normal to the array axis. The control unit was also
tested along two axes. The range of freguencies and accelerations is that
specified in MIL-STD-810C, Method 514.2, for equipment carried in propeller-
driven aircraft and helicopters. Displacement double amplitudes were less
than 0.2 inch throughout the testing. The frequency of vibration was
increased logarithmically from 5 Hz to 200 Hz over a period of 5 minutes. The
sweep was then reversed. The acceleration was increased from 0.5 g to 2 g
between 5 Hz and 20 Hz. During each test, the camera output was monitored and
mechanical resonances were noted. The tests indicated that the camera and
control unit will operate in this type of vibrational environment. The mag-
nitude of the displacements involved, combined with the 1.36-ms exposure time,
indicates that translational vibrations will not degrade the dynamic, on-the-
ground resolution of the CCD camera.

rield testing of the FSP sensor consisted of determining an effective ASA
number (film speed) for the Fairchild camera, using the hardcopy recorder to
measure airborne dynamic resolution and effects of undesirable camera motion,
and using the IAS to determine airborne dynamic resolution.
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The effective ASA number of the Fairchild sensor was determined by taking
light meter readings of surfaces typical of those encountered on a damaged
runway surface, adjusting the lens aperture to obtain the best contrast on the
hardcopy output, and reading the ASA number associated with the sensor expo-
sure time and the lens aperture setting from the light meter. Results indi-
cated that the effective ASA of the sensor was approximately 90. This ASA
number was used successfully in setting the lens aperture during the remaining
FSP tests and demonstrations.

The hardcopy recorder was used for a preliminary measurement.of sensor
airborne dynamic resolution and the effects of undesirable camera motion.
This test could determine only a lower 1limit to the camera's resolution
because the resolution of the hardcopy recorder is smaller than the resolution
of the sensor, and the bandwidth of the airborne tape recorder used was
smaller than the camera bandwidth. Airborne testing was conducted at the
Mid-Valley Air Park near Los Lunas, Mew Mexico. Eight of the Type 1 resolu-
tion test patterns shown in Figure 17 were arranged in a grid at the end of
the Mid-Valley runway. The 6-inch bars in the resolution test patterns could
be distinguished in the hardcopy reproduction of the recorded imagery data
taken from an altitude of 270 feet at a ground speed of 70 knots. The hard-
copy reproduction of the imagery also indicated that the roll motion and
lateral drift of the aircraft were the most significant factors contributing
to distortion of the image geometry. On the relatively calm days (winds less
than 10 knots) during which the tests were conducted, the roll motion of the
aircraft was less than 3 degrees, and lateral drift was less than +30 feet.
Three degrees of roll produced an apparent 20-foot error in the lateral posi-
tion in the image. Both types of motion introduced a waviness in the image.
The roll motion amplitude was less than 40 feet in the ground image with a
wavelength of approximately 100 to 200 feet, indicating a maximum roll rate of
less than 7 degrees per second. The distortion due to lateral drift had an
amplitude of less than 60 feet and a wavelength of between 500 and 1000 feet,
indicating a maximum drift rate of less than 14 feet per second. Neither type
of motion significantly affected the ground resvlution of the camera. Errors
in altitude, speed, and yaw angle also distorted the image, but these errors
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were nearly constant over a given pass. Appropriate scaling factors could be
used to compensate for their effects. An altitude within 10 feet and a speed
within 5 knots of nominal were achieved. The yaw angle for a 6-knot cross-
wind component was less than 5 degrees.

The IPS was used to measure the resolution element size produced by the
airborne sensor during the fiald demonstration. The physical dimensions and
separation of the resclution targets were carefully measured. The IPS was
used to measure the number of pixels separating features in the image of the
resolution targets. The measured resolution element sizes ranged from 1.24
to 1.78 inches laterally and from 1.78 to 2.18 inches longitudinally. Alti-
tude during the image-gathering passes ranged from 210 to 250 feet and ground
speed from 65 to 73 knots.

TESTING OF IAS

IAS testing consisted of verifying that specific tasks had been accom-
plished and measuring the time required to perform each task. The tasks
tested were the transfer of imagery data from data Tink to mass storage, the
transfer of imagery from the ICS to the IPS, the creation of a low-resolution
image from high-resclution data, interactive damage identification on the IPS,
damage identification and input to ICS using the hardcopy recorder and an ICS
terminal, and selection of the MOS.

The transfer of a high-rasolution image of a 10,000-foot by 270-foot run-
way from tape to disk was accomplished in 5 minutes 58 seconds. The transfer
of imagery data from the ICS to the IPS required 10 or 20 seconds depending on
whether 256 or 512 kbytes of refresh memory were loaded. The 64:1 compression
of the full-resolution image to create a low-resolution image required 6 min-
utes 3 seconds using the averaging algorithm., [t was shown that 125 damages
could be interactively identified, located, sized, and classified on the IPS
in 32 minutes 14 seconds by an operator with limited training. This time
includes the transferring of images between the ICS and the IPS. It required
46 minutes 53 seconds to locate, size, and classify the same 125 damages using
a hardcopy recording and loading the information to the ICS by means of a
keyboard terminal. Both these damage-assessment times were obtained when only
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one operator was identifying damages. In the hardcopy recording test, a

second person fed data to the terminal as the operator identified the damages
on the hardcopy image. Once the data input was completed, the MOS selection 1
program required 16 minutes 50 seconds to select the three best 110Ss in each ;
category using a lateral step size of 25 feet, a longitudinal step size of |
100 feet, and five angled positions for each MOS. The runway length and width
were 10,000 feet and 150 feet, respectively. The MOS was 5000 by 50 feet.

Tests to determine the accuracy and error rates obtained when the IPS and
the hardcopy recorder were used in locating, sizing, and classifying damaged
areas were not performed because of a lack of realistic damage imagery data
and limited time available. flo accuracy or errcr-rate criteria had been
specified.
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SECTION V
FIELD DEMONSTRATION

A complete field demonstration of the JAS was conducted at Kirtland AFB
and Mid-Valley Air Park, iew Mexico, between 10 November 1980 and 21 Novem-
ber 1980. The purpose of the demonstration was to verify the concept of the
DAS. A test plan was submitted to and approved by AFESC. A summary of the
test results as of 18 November 1980 was presented on that day to representa-
tives from AFESC and from Aeronautical Systems Division (ASD), the Tactical
Air Command (TAC), and the Air Force Uright Aeronautical Laboratories (AFWAL).
Requirements for the system, except the use of automatic detection and feature
extraction and completion of the damage assessment and MOS selection within f
30 minutes, were successfully met. The AFESC task officer was present during
the test to verify the resuits.

GATHERING IMAGERY DATA USING FLIGHT SENSOR PACKAGE

The FSP was rigidly mounted in a Cessna 180 aircraft for the field demon-
stration (Figure 5). The resolution targets shown in Figure 17 were arranged
in a grid at the end of runway 17/35 at Mid-Valley Air Park (Figure 18). The
aircraft made five passes over the resolution grid. The first four passes
were made at altitudes of 210 to 250 feet and at speeds of 65 to 73 knots.
During the first of these passes, aircraft motion over the target area was
minimized. During the following passes, the pilot induced moderate roll,
neavy roll, and heavy yaw while over the target area. The fifth pass over the
resolution grid was made at an altitude of 150 feet and a speed of 61 knots.
The data gathered at Mid-Valley Air Park were used to demonstrate the effects
of aircraft motion on the size of the resolution element.

A single pass was made over runway 8/26 at Kirtland AFB. The altitude
during the pass was 300 feet and the speed was 70 knots. Aircraft motion was j
minimized. Data from this pass were used to verify the field of view and data
quantity requirements of the FSP and the IAS.

Weather conditions during FSP testing were clear. The temperature ranged
from 60°F to 70°F. \linds were light and variable, Tess than 5 knots. The
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tests were conducted between 11:00 a.m., and 2:00 p.m. A pilot and an equip-
ment operator were aboard the Cessna 180 during testing.

DATA QUANTITY AND RATES

The imagery data of the Kirtland AFB runway gathered by the FSP were
transferred to the IAS mass storage disks through the input data interface.
This operation was timed. Features at both ends of the stored image were
examined and compared with a map of the runway to determine the length and
width of the stored image. The number of pixels in the width of the runway
was counted using the IPS, and the number of lines in the stored image was
obtained from the 1ine count recorded with the imagery data. The average
resolution element dimensions were determined using the number of 1ines and
pixeis and the known dimensions of.the recorded image.

The full-resolution image was compressed by a factor of 64:1 to produce
a low-resolution runway image that could be scanned rapidly. The time
required to scan the entire low-resolution image of the runway was measured.
The imagery data for the Kirtland runway were also transferred from the air-
borne recorder to the hardcopy recorder. This operation was timed.

Table 15 lists the significant quantities, the specified values, and the
values obtained from the Kirtland AFB runway imagery data.

TABLE 15. DATA QUANTITIES AND RATES FROM IMAGERY DATA OF KIRTLAND AFB RUNWAY

Data Quantities and Rates Specified Value Measured Value
Stored Image Dimensions
Length 10,000 feet 10,938 feet
Width 250 feet 267 feet
Resolution Element Dimensions
Length 1.7 to 2.1 inches 2.00 inches
Width . 1.7 to 2.1 inches 1.85 inches
IAS Runway Image Storage Time 300 seconds
Mass Storage Disks -— 358 seconds
Hardcopy Recorder -— 125 seconds
IAS Runway Image Display Time 300 seconds
IPS Display - 363 seconds
Hardcopy Recorder -—- 125 seconds

98




DETERMINATION OF RESOLUTION ELEMENT SIZE

The ground resolution element size of the stored imagery data from Mid-
Valley Air Park was determined by counting the number of pixels and lines
within features of known dimensions or between features of known separation
and dividing the known dimension or separation by the number of lines or
pixels. Resolution element size was calculated using the 4-foot and 8-foot
dimensions of the resolution target and the 50-foot target separation for the
no-roll, moderate-roll, and heavy-roll passes. The roll rates were also
determined from the imagéry. Table 16 lists the minimum and maximum lateral
and longitudinal resolution element dimensions measured for each pass along
with altitude, speed, and calculated roll rate.

TABLE 16. MEASURED RESOLUTION ELEMENT DIMENSIONS

- Ro11
Lateral Longitudinal Rate,
Pass Dimension, Dimension, Altitude,| Sneed, | degrees/
inches inches feet knots second
Minimum [ Maximum | Minimum | Maximum
No Roll 1.24 1.27 1.80 2.00 210 65 1.3
Moderate Rol] 1.50 1.71 2.02 2.18 250 73 13.3
Heavy Roll 1.55 1.78 1.78 2.04 250 67 20.7

The dimensions measured demonstrated that roll motion of the aircraft
does not significantly alter the resolution element size and that altitude and
aircraft velocity are the most significant factors.

DATA ENTRY TO IMAGE ANALYSIS SYSTEM

The IAS accepts data from three sources. Imagery data from the FSP can
be input through the input data interface. Imagery data from photographic
transparencies can be input through the IPS using the vidicon/light table.
Damage data such as type, size, and location can be input manually at the ICS
terminals. Manual entry of damage data was demonstrated by loading a complete
1ist of the damage types, sizes, and locations used at the North Field Interim
Crater Repair Test. The input data were accepted by PART.01 of the MOS selec-
tion software, which created damage files in the appropriate format for use in
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PART.02 of the [10S selection software. The damage files were displayed when
the data input was completed, and it was demonstrated that the operator could
delete, change, or add data values to the damage files from the keyboard ter-
minal.

Imagery input from the vidicon/light table was accomplished by placing a
photographic transparency on the light table, aligning and focusing the vidi-
con using the video display monitor, transferring the displayed image to
refresh memory, capping the vidicon lens, and recalling the stored image from
refresh memory to the video display.

The transfer of imagery data from the FSP was demonstrated during the
verification of data quantities and rates. Data were transferred to both the
mass storage disks and the hardcopy recorder.

[MAGE ANALYSIS USING IMAGE ANALYSIS SYSTEM

Imagery data gathered during the North Field Test were used to demon-
strate the image-analysis capabilities of the IAS. The runway imagery was
compressed using both the straight averaging mode and the differencing rou-
tine. The results of both compressions were displayed on the IPS. The qual-
ity of these low-resolution images was compared to that of the high-resolution
image.

The capability for magnifying both the high- and low-resolution displays
using the trackball and using function keys was demonstrated. The capability
for translating within the magnified image using the trackball and using
function keys was also demonstrated. The motion within the image was con-
trolled by the operator. The translation could be stopped when desired.

The function keys and trackball were used to mark the location and size
of damages in both high- and low-resolution images. The color and size of the
markings used indicated the type of damage and difficulty of repair. Storage
of the damage data from the IPS on the ICS was verified by displaying the
damage files on the ICS terminal. The capability for marking noisy data on
the IPS and examining the lost-data flags stored with the image data were
demonstrated.
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The following image-enhancement functions were demonstrated on the IPS:

1. Intensity gain and slope adjustment from the keyboard and with the
trackball

2. Contouring of the image data values
3. False color generation
4., Magnification and translation

5. Image marking

Scaling of the image using separate lateral and longitudinal scale fac-
tors derived from reference points marked on the IPS and correction of lateral
damage locations using the runway edge marks produced on the IPS were demon-
strated on the ICS using the PART.00 program.

REPAIR AREA SELECTION

The repair area selection capabilities of the IAS were demonstrated in
the following manner. A small number of damages, carefully located so that
only one undamaged 5000- by 50-foot MOS was left on the runway, were input
using program PART.01. The MOS selection program, PART.02, was then run. The
program selected the undamaged MOS as the best repair area for the up-runway,
down-runway, and bidirectional M0OS. A complete 1ist of type, size, and loca-
tion damage data used during the second day of field testing at the North
Field Test were input using PART.01. Program PART.02 was run using the fol-
lowing step sizes: (1) 500 feet longitudinally and 50 feet laterally with
three angular positions per MOS start location; (2) 100 feet longitudinally
and 25 feet laterally with five angular positions per MOS start location; and
(3) 50 feet Tongitudinally and 10 feet laterally with 11 angular positions per
MOS start location. The best MOS selected when the largest step size was used
was a completely different location from those selected when the smaller step
sizes were used; also, the repair time was much higher, The MOS locations and
the associated repair times selected when the smaller step sizes were used
were very close, These were qualitative observations made during the demon-
stration. They support the use of a step size of 100 feet longitudinally and
25 feet laterally, with five angular positions for each MOS start location.
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The system's ability to consider all buried UX0 either as duds (short
repair time) or as detonation craters (standard crater repair techniques) was
demonstrated. The system's ability to accept various density ratios was also
displayed.

Appendix A contains a listing of the North Field damage data and the MOS
selections that resulted when a step size of 100 feet longitudinally and 25
feet laterally with five angular positions for each MOS start location were
used.

DEMONSTRATION OF TOTAL SYSTEM FUNCTION

Essentially two different DASs were demonstrated. Both used the FSP to
gather imagery data and the ICS to select the best M0Ss. One system used the
IPS to locate, size, and classify damages; the other used hardcopy image
recording, manual measurement of damage location and size, and manual entry of
the damage data at an ICS keyboard terminal. The demonstration consisted of
performing the complete damage assessment and MOS selection, timing each of
the basic functions, and verifying that the function had been performed. The
times required to perform these basic functions were added together to deter-
mine the total time requirement for each system. The same times for imagery
data collection. using the FSP, and MOS selection, using the ICS, were used
for bolii systems. The time required for each system to size, locate, and
classify 125 damages was calculated from the time required to classify a
smaller number of damages from the imagery gathered at the North Field Test.
The average time required to classify a single damage was assumed to be a
constant for each system, and the time required to classify 125 damages was
extrapolated from the time required to process the damages actually classified.
Table 17 lists the functions and the measured or calculated times. ]
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TABLE 17. DAS FUNCTIONS AND TIME REQUIREMENTS

Function

Time Required

“Using IPS Using Hardcopy
Recorder
Gather Imagery Data with FSP (from 14 minutes 14 minutes
time aircraft is started to time 32 seconds 32 seconds
recorder is removed on the ground;
imagery gathered from one 10,000-
foot runway.)
Transport tape to I[AS Hook-up 2 minutes 2 minutes
Transfer Imagery Data to Mass 5 minutes a__.
Storage Disks 58 seconds
Compress Full-Resolution Image 6 minutes a__.
(average only) 3 seconds
Transfer Imagery Data to Hardcopy a__. 1 minute
Recording 25 seconds
Measured Damage Classification and 16 minutes 21 minutes
Input Time 30 seconds 0 seconds
(64 damages) (56 damages)
Calculated Time for Classifing 32 minutes 46 minutes
125 Damages 14 seconds 53 seconds
Run MOS Selection Program (PART.02) 16 minutes 16 minutes
50 seconds 50 seconds
List Results 1 minute 1 minute
15 seconds 15 seconds
Total Damage Assessment and 78 minutes 82 minutes
MOS Selection Time 52 seconds 55 seconds

a. Not applicable.
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SECTION VI
CONCLUSIONS AND RECOMMENDATIONS

The concept that the Air Force can assess runway damage by using an air-
borne sensor and computerized image processing equipment was verified in this
effort. Although the system developed by !MERI does not meet the 30-minute
goal for damage assessment and MOS selection established by the Air Force, a
similar system employing a real-time RF data link, a mass storage system
capable of accepting real-time imagery data, a faster minicomputer, and mul-
tiple (four) interactive video display stations could meet the 30-minute time
limit for 125 damages on a single 10,000- by 250-foot runway. If it were
necessary to process more damages or more pavement surfaces, the size of the
IAS could be increased proportionately; the only increase in assessment time
would be the additional reconnaissance time. This DAS provides a faster,
safer, less labor-intensive method of reconnaissance and assessment,

A sensor with day/night capability should be used in the DAS of the
future. A thermal IR, a more sensitive vidicon with a lighting system, or an
active sensor should be provided. NMERI recommends the use of the Perkin-
Elmer KA-98 System B day/night camera modified for lower altitude, higher
resolution operation. This device is an active laser line-scan sensor requir-
ing no additional lighting system. The unit is compact and is internally
roll-compensated.

It should not be necessary to develop a completely new telemetry link
because RF and microwave telemetry links are available both commercially and
within the military. Data integrity and protection in a hostile electronic
environment must be considered. An airborne recorder should be included in
the system for backup. AMPEX manufactures a 300-Mbyte disk storage system
capable of accepting data at a rate of approximately 10 Mbytes per second.
This system, which costs about $300,000, would be adequate for accepting
imagery data in real time,
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Selection of a minicomputer should await the further development o€ MOS

selection software. Alternative MOS selection algurithms should be investi-
gated. Factors other than repair time should be considered. An optimum |
hardware-software combination should be selected.

Numerous interactive video display and image processing systems are on
the market today. A system much less sophisticated than the ISI system could !
be used, but multiple display stations would be essential. Each display sta- :
tion must be capable of indicating the location, size, and type of damage and
the location and type of other features interactively on the video screen.

An alternative to the fast mass storage system and multiple video display
stations would be to use a hard-copy image, manual measurement of feature
location and size, and manual loading of damage data to the minicomputer
through multiple keyboard terminals. A greater number of damage assessors and
keyboard terminals with operators would be required in this system than the
number of video display stations required for the previously described system
because feature measurement is a slower process when it is done manually than
when an interactive display is used. It should be possible to implement the
hardcopy image system more rapidly and at a lower cost than the system requir-
ing interactive display terminals. The hardcopy image system could be used as
an interim system while the more sophisticated video display system is
developed.

NMERI recommends that the investigation of a real-time damage assessment
system be initiated. The Perkin Elmer System B relief sensor appears to offer
significant advantages over reflectance sensors for automated feature recog-
nition. It may be possible to process the relief data in real time on board
the aircraft, using hardware being developed at Perkin Elmer, and to transmit
only damage type, size, and location to the ground for MOS selection. This
system would require a relatively simple data 1ink, storage device, and mini-
computer system and should be able to select an MOS within 5 to 10 minutes
after aerial reconnaissance had been completed, regardless of the number of
damages and pavement surfaces examined. Figures 19, 20, and 21 present the
three damage assessment systems recommended by NMERI.
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APPENDIX A

SAMPLE MOS SELECTION SOFTWARE INPUT AND OUTPUT

Title Page
North Field Damage Data and Command Input Sequence 112
MOS Selection Qutput 134
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*RUN FARTO1
CHOOSE: 1 — ENTER TAXI DAMAGES FOR A NEW PATH
2 - MAKE CORRECTIONS TO TAXI DATA
3 - STORE TAXI DATA ON DISC
4 -~ GO0 ON TO RUNWAY DAMAGES..¢ss1

BURIED UX0DS CAN BE CONSIDERED TWO WAYS:
1 - REFAIRED BEFORE EXFLODINGs OR
2 - REFAIRED AS FOST-EXPLOSION CRATER....1

SCALING FACTOR IN THE X LIRECTION FOR TWl
100 FT (REAL) = XX.,XXX INCHES (ON FILM STRIF).
ENTER X+s++4+100

SCALING FACTOR IN THE Y DIRECTION FOR TW1
100 FT (REAL) = YY.YYY INCHES (ON FILM STRIF).

ENTER Y+444+4100

ENTER: THE DAMAGES ON A FATH THROUGH TWil
THAT WOULD MAKE IT USAELE AS A TAXIWAY.
ENTER: Ty XXK+XXXs YYY.YYY$ WHERE?
XXX+ XXX = DISTANCE DOWN TWi
YYY.YYY = QISTANCE FROM CENTERLINE (+RT» ~LT)
T = TYFE O0F DAMAGE 1 ~ CRATER
~ CAMD-HEAVE
- SPALL FIELD
BOMBLET FIELD
—- SURFACE UX0
~ BURIED UXO

1
i
t

[+ S 4 0 U8 S R |
i
i

NOTES: 1) TO END DATA INFUT... ENTER <CR>.
2) FOR RNWY THE FATH SHOULD REGIN AT THE TWl
ENTRANCE TO THE RUNWAY AND END AT THE 5000
FT. MARK.
3) RMFL = PATH FROM AIRCRAFT DISFERSAL AREA
TO TWl. RMP2 = PATH FROM A.D.A. TO TW2.
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7359190425

ENTER: DIAMETER OF SURFACE UX0 (FT) CDODLD.DDD3: .75

7

DATA INFUT CONCLUDEL FOR TWi A TOTAL OF 1

SCALING FACTOR IN THE X DIRECTION FOR TW2
100 FT (REAL) = XX.XXX INCHES (ON FILM STRIF).

ENTER X+4444100

SCALING FACTOR IN THE Y DIRECTION FOR TW2
100 FT (REAL) = YY.YYY INCHES (ON FILM STRIF).
ENTER Y...,+100

ENTER: THE DOAMAGES ON A FATH THROUGH TW2
THAT WOULLD MAKE IT USABLE AS A TAXIWAY,
ENTER? T» XXX.XXX» YYY.YYY$ WHERES

XXAW XXX = DISTANCE DOWN  TW2
YYY.YYY = DISTANCE FROM CENTERLINE (+RTs -LT)
T = TYFE OF DAMAGE - CRATER
- CAMO-HEAVE

- SPFALL FIELD
BOMELET FIELD
- SURFACE UXO

- BURIED UXO

Ui N
i

NOTES? 1) TO END DATA INFUT... ENTER +«CR>.

DAMAGES

2) FOR RNWY THE FATH SHOULD BEGIN AT THE TW1
ENTRANCE TO THE RUNWAY AND END AT THE 5000

FT. MARK.,

3) RMF1 = PATH FROM AIRCRAFT DISFERSAL AREA

TO TWi. RMF2 = PATH FROM A.INA. TO TW2,

?12,150,-30
ENTER: APFARENT CRATER DIAMETER (FT) LCDDDD.ODIS 30




?1+2009~30

?1+880s~-30

?1»1000y-30

?62770220

?6+1050,10

?591100+0

ENTER?: DIAMETER O

7570092
ENTER: DIAMETER O

! ?

DATA INFUT CONCL

SCALING FACTOR I
100 FT (REAL) =
ENTER Xe¢4s+.100

SCALING FACTOR I
100 FT (REAL) =
i ENTER YeoueoelOO

{
k
r

ENTER! AFFARENT CRATER DIAMETER (FT) LCDODDLD.DDI?

ENTER: AFFARENT CRATER DIAMETER (FT) CODPLD.DDI?

30
ENTER: AFFARENT CRATER UIAMETER (FT) CDDDD.DDI: 40
40
ENTER: DIAMETER OF RURIED UXO ENTRANCE (FT) CDDD.DDDI: .75

ENTER: DIAMETER OF BURIED UXO ENTRANCE (FT) CDDD.DDDI: .75

F RURIED UX0 ENTRANCE (FT) CDDD.ODOI: .75

F SURFACE UX0 (FT) CDODD.DDDIS

UDED FOR TW2 A TOTAL OF

N THE X DIRECTION FOR RMF1
XX+ XXX INCHES (ON FILM STRIF).

N THE Y DIRECTION FOR RMF1
YY.YYY INCHES (ON FILM STRIF).
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ENTER: THE DAMAGES ON A PATH THROUGH RMF1
THAT WOULD MAKE IT USAERLE AS A TAXIWAY.

ENTER: Ty XXX XXXy YYY.YYY5 WHERE?

XXX« XXX DISTANCE L[OWN RMP1

YYYYYY DISTANCE FROM CENTERLINE (+RT, ~LT)

T = TYFE OF DAMAGE 1 - CRATER

- CAMO-HEAVE

- SFALL FIELD

- BOMELET FIELD

- SURFACE UXO0

- BURIED UXO

G d ok

NOTES?! 1) TO END DATA INFUT... ENTER <CRl,
2) FOR RNWY THE FATH SHOULD EBEGIN AT THE TWl
ENTRANCE TO THE RUNWAY AND END AT THE 5000
FT. ™MARK.
3) RMF1 = FATH FROM AIRCRAFT DISFERSAL AREA
TO TWl. RMP2 = FATH FROM A.D.A. TO TW2.

?1,260y-300
ENTER? AFFARENT CRATER DIAMETER (FT) CDDODD.DD3I: 20

712220+ -280 :
ENTER: AFFARENT CRATER DIAMETER (FT) CDDDD.OID3: 20

?

DATA INFUT CONCLUDEDN FOR RMF1 A TOTAL OF 2 LAMAGES

SCALING FACTOR IN THE X DIRECTION FOR RMF2
100 FT (REAL) = XX.XXX INCHES (ON FILM STRIF).
ENTER X.+¢¢4.100

SCALING FACTOR IN THE Y DIRECTION FOR RMF2
100 FT (REAL) = YY.YYY INCHES (ON FILM STRIF).
ENTER Y+4444100




ENTER: THE DAMAGES ON A FATH THROUGH RMF2
THAT WOULD MAKE IT USABLE AS A TAXIWAY.
ENTER? Ts XXX XXX» YYY.YYY$ WHERE!?

XXX+ XXX DISTANCE DOWN RMF2

YYY.YYY DISTANCE FROM CENTERLINE (+RT» -LT)
T = TYFE OF DAMAGE 1 - CRATER

- CAMO-HEAVE

- SPALL FIELD

EBOMBLET FIELD

- SURFACE uX0

= BURIED UXO

[+ S R CA N
i

NOTES? 1) TO END DATA INFUT... ENTER «CRx.
2) FOR RNWY THE FATH SHOULD BEGIN AT THE TWi
ENTRANCE TO THE RUNWAY AND END AT THE 5000
FT. MARK,
3) RMFL = FATH FROM AIRCRAFT LISPERSAL AREA
TO TWl. RMF2 = FPATH FROM A.D.A. TO TWZ2.

P4,2400+0
ENTER? LDIAMETER OF ROMBLET FIELD (FT) CDOROD.OD]I: 400
ENTER: NUMBER OF EROMEBLETS IN FIELD CNNNNNN1?: 75

°

DATA INFUT CONCLUDED FOR RMF2 A TOTAL OF 1 DAMAGES

SCALING FACTOR IN THE X DIRECTION FOR RNWY
100 FT (REAL) = XX.XXX INCHES (ON FILM STRIF).
ENTER X+4444100

SCALING FACTOR IN THE Y DIRECTION FOR RNWY
100 FT (REAL) = YY.YYY INCHES (ON FILM STRIF).
ENTER Y+40444100
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ENTER? THE DAMAGES ON A FATH THROUGH RNWY
THAT WOULD MAKE IT USAEBLE AS A TAXIWAY.
ENTER?! Ty XXX.XXXy YYY.YYY? WHERE:
XXX+ XXX = DISTANCE DOWN RNWY
YYY.YYY = DISTANCE FROM CENTERLINE (+RT» =LT)
T = TYFE OF DAMAGE 1 - CRATER
~ CAMO-HEAVE
- SPALL FIELD
- BOMELET FIELD
~ SURFACE UXO
- BURIED UXO

USRI

NOTES: 1) TO END DATA INFUT... ENTER <CRX.
2) FOR RNWY THE FATH SHOULD REGIN AT THE TWil
ENTRANCE TO THE RUNWAY AND END AT THE 3000
FT. MARK.
3) RMF1 = PATH FROM AIRCRAFT DISFERSAL AREA
TO TWl. RMF2 = FATH FROM A.D.A. TO TWZ2.

?1»4309-30
ENTER?! AFPARENT CRATER DIAMETER (FT) LCDDDD.DDI: 30

T4y34550
ENTER: DIAMETER OF BOMBLET FIELD (FT) CDDDD,.DDO]: 690
ENTER? NUMBRER OF EBOMBLETS IN FIELD CNNNNNN1: 750

?3y3309-4-\-\0
ENTER? DIAMETER OF SFALL FIELD (FT) ChoDD.DDI: 660
ENTER? NUMERER OF SFPALLS IN FIELDI' CTNNNNNN1: 90

?3y1590+0Q
ENTER: DIAMETER OF SFALL FIELD (FT) LLODD.DNO]: 840
ENTER: NUMEBRER OF SFALLS IN FIELD LCNNNNNN]: 100

?3,256550
ENTER: DIAMETER OF SFALL FIELD (FT> CIDD.DO3: 750
ENTER: NUMBRER OF SFALLS IN FIELD CNNNNNN]: 72

?4y351050

ENTER?! DIAMETER OF EBOMBLET FIELD (FT) LCDDDD.DDI: 1680

ENTER? NUMBER OF BOMEBLETS IN FIELD CNNNNNN]: 750

7

DATA INFUT CONCLUDED FOR RNWY A TOTAL OF 6 DAMAGES
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END - TAXIWAY DATA INFUT

THE REFAIR TIME IS! 40,0 FOR THE TOTAL TW1

THE REFAIR TIME IS 790.0 FOR THE TOTAL TW2

THE REFAIR TIME IS: 200.0 FOR THE TOTAL RMF1
THE REFAIR TIME IS? . 0.0 FOR THE TOTAL RMF2
THE REFAIR TIME IS¢ 412.0 FOR THE TOTAL RNWY
CHOOSE : - ENTER TAXI DAMAGES FOR A NEW FPATH

1
2 - MAKE CORRECTIONS TO TAXI DATA
3 - STORE TAXI DATA ON DISC

4 - (30 ON TO RUNWAY DAMAGES++ee42

TAXIWAY DATA CORRECTION ROUTINE

CHOOSE: 1 - READ A TAXI FILE FROM DISC
2 -~ DUMF TAXI ARRAYS TO TERMINAL
3 - CORRECT A KNOWN BALD POINT -
4 - EXIT.....Q

118




TW1

8]

— —— o o

™Mrd vttt el et et e

“HMINONBEIOACNMTNION
~ R I R ]

NOOCOCOOOOOOCOOOCOC

POOCOOOCOOOOOOOCOO0O0

%0000000000000000

a

%0000000000000000
-t

NOOCOOOCOOOOCCOTOCOCOO

o o e S et i A e o et S o b e, S St S S S A oy S oy L G S i e Y St P o P e S0 e? P

SO0

SCOC

OO

SO0

OO

]

TW2

™

et it Be e 4D ot et o S WD k. T it S0t o S RS S A S Ml v aat o St S s e S S S S S04 ory Ay S At Y L Gy Han an S et T e ety o e S S A et S i Tt S i, S

CICI el

=T

MM Tl

CICICICIICICICICI I L L O QI G

678903457890
R R R R R R R R R N

MM OOO OO O OCOO OO0
PO OCOO0OO0OO0OO0OO0O0COO0
OCOHHOOCOOOOOCOO OO0
-

COOO0OOCOCOOOOOCO0
OO
~ N
-t

1050

CIOINCTCOOTCOOOCOCTSCOCO

119




RMF1

[}

]

MmMmMmMmMmMMmMMMaMMMMMMMaMMIm

“MITINOIONDOO ™
— vt

-~

MeTHDONDDONO
o = =

HHOTCOOOCOCOOCOOLOOOCOOOCO

HA,vhmOhvo000000000000000
WQO-OOOOOOOOOOOOOOOOOO
M o
L]
MWOOOOOOOOOOOOOOOOOO
¢ ¢

M OO0 00O OO OO0 OOCOOO0

et v e S S 04 oo S Sams i St e S i e S Sy V0 ke i S e S Gt A ot R i e VNS Vo ot ST it AR o D S A S G Sy S S M ok AP e PSS A S e A Skl S s Tt

RMF 2

[}

TITITCT

&M

e L e S O L Ty spEp——

TITTTITISSTS

OGN DO —t
t v =

-~

Mma
ot

coooo00000
0C00C0C0000
co0000000
co0000000

OCOQOCOOO0O0

TeITITST

13
14
17
18
19
20

COOOCOQ

OCCOCOOC

COO0OOOO

COCOCOC

COOOCOC

120




RNWY = 35
J o= 1 2 3 4 ]
1 430 -30 30 3
4 345 o 690 730
3 330 -40 660 ?0
3 1590 0 840 100
3 2065 0 7350 72
4 3510 0 1480 730
0 0 0 0 0
) 0 0 0 0
0 Q0 0 0 0
0 0 0 ] 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0o 0] 0 0 0
0 0 0 0 0
0 0 0 0 Q
0 0 0 0 0
0 0 0 0 0
0 0 0o 0 Q
0 Q 0 0 0

TAXIWAY DATA CORRECTION ROUTINE

CHOOSE: 1 - READ A TAXI FILE FROM DISC
2 - DUMP TAXI ARRAYS TO TERMINAL
3 — CORRECT A KNOWN BAD FOINT
4 - EXIT.....3

ENTER? IsJsK FOR NEW VALUE
“CR> TO END

?P295+5

ENTER NEW VALUE FOR! ITAXIDC 2y Sy S5)esseed2
?

TAXIWAY DATA CORRECTION ROUTINE

CHOOSE: 1 - REAI' A TAXI FILE FROM DISC
2 - DUMP TAXI ARRAYS TO TERMINAL
3 - CORRECT A KNOWN EBALDI FOINT
4 ~ EXITO'0004

CORRECTION ROUTINE CONCLULDED
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THE REPAIR TIME 1IS? 60.0 FOR THE TOTAL

THE REFAIR TIME IS? 790.0 FOR THE TOTAL
THE REFAIR TIME IS? 200.0 FOR THE TOTAL
THE REFAIR TIME IS? .OoO FOR THE TOTAL
THE REFAIR TIME IS 412.0 FOR THE TOTAL

CHOOSE? - ENTER TAXI DAMAGES FOR A NEW FATH

-~ MARE CORRECTIONS TO TAXI DATA
STORE TAXI DATA ON DISC
-~ GO ON TO RUNWAY DAMAGES.:++++3

RSOSSN o
[}

CHOOSE ¢ ~- ENTER TAXI DAMAGES FOR A NEW FATH
~ MARE CORRECTIONS TO TAXI DATA
~ STORE TAXI DATA ON DISC

GO ON TO RUNWAY D[IAMAGES.....4

[FA e

»
-
i

CHOOSE ~ ENTER RUNWAY DAMAGES

- MAKE CORRECTIONS TO RUNWAY DATA
STORE RUNWAY IIATA ON DISC

- GO BACK TO TAXI SECTION

= GO ON TO VIEWS DAMAGES.s el

i Gt =
1

RUNWAY SCALING FACTOR IN THE X DIRECTION
100 FT (REAL) = XX.XXXX INCHES (ON FILM STRIF).
ENTER X++44+100

RUNWAY SCALING FACTOR IN THE Y DIRECTION
100 FT (REAL) = YY,YYYY INCHES (ON FILM STRIP).
ENTER Y.s...100
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j

o

THE DATA INFUT NECESSARY TO FILL THE DAMAGE ARRAY IS:

Ty XXX e XXX » YYY.YYY$ WHERE ¢

XXX XXX IS THE DISTANCE FROM THE END OF THE RUNWAY
TO THE DAMAGE.
YYY.YYY IS THE DISTANCE FROM THE CENTERLINE OF THE RUNWAY
(FPOSITIVE=RIGHTy NEGATIVE=LEFT) TO THE DAMAGE.
T IS THE TYFE OF DAMAGE:
1 -~ CRATER
2 ~ CAMOHEAVE
- 3 - SFALL FIELD
4 - ROMBLET FIELD
3 ~ SURFACE UXO
- .. & — BURIED UXO

TO END DATA INFUT ROUTINE... ENTER <CR>«
?1y14609~-90

ENTER: AFFARENT CRATER DIAMETER (FT) LDDRD.DDI: 40
?19320+15

ENTER: AFFARENT CRATER DIAMETER (FT) CDODD.DDI: 30
?193709+20

ENTER?! AFFARENT CRATER DIAMETER (FT) COODOO.DO3: 30
715370990

ENTER?! AFFARENT CRATER DIAMETER (FT) CDDDD.DDJ]: 40
?19430+-30

ENTER: AFFARENT CRATER DNIAMETER (FT) ChDDRD.DD]: 30
?1928309-100

ENTER! AFFARENT CRATER DIAMETER (FT) LCDDIDD.DD1: 40
?1,28509-43,7

ENTER: AFFARENT CRATER LIAMETER (FT) CDDDD,DDI: 20
7193075920

ENTER?! AFPFPARENT CRATER DIAMETER (FT) CLnnn,.pbpl: 20
"193110+-50

ENTER? AFPARENT CRATER DIAMETER (FT) LCDDLD,.DD]: 20
7193150, —-90

ENTER:! AFFARENT CRATER DIAMETER (FT) LCDDDLD.DDI: 30
?193340,»-30

ENTER?! AFFARENT CRATER DIAMETER (FT> LDDOD.DD1: 30
719397050

ENTER: AFPARENT CRATER DIAMETER (FT) CDDDD.DD1: 40
71y1200y-100

ENTER: AFFARENT CRATER DIAMETEFR (FT) LDDDD.DDI: 40
7?71+4340y-20

ENTER: AFFARENT CRATER DIAMETER (FT) £DDDD.DD]: 20
719452520

ENTER! AFFARENT CRATER DIAMETER (FT) CDDODD.DD1:! 20
71y4685y-90

ENTER:! AFPARENT CRATER DIAMETER (FT) CDDDD.ODI! 20
?1+34350,45

ENTER! AFPARENT CRATER DIAMETER (FT) LCDDOD.DBD]?! 40
?195450¢45
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ENTER: AFFARENT CRATER DIAMETER (FT) CODDD.DDI: 40
719361080

ENTER?! AFFARENT CRATER DIAMETER (FT) CDDDD.DDJI: 20
7195640975

ENTER?! AFFARENT CRATER DIAMETER (FT) CDDDD.DD]I: 20
?1+5740:50

ENTER: AFFARENT CRATER DIAMETER (FT) LCIDDD.DDI: 20
?195750+-70

ENTER?! AFFARENT CRATER DIAMETER (FT) [DDDD.DD]: 40
719671050

ENTER? AFFARENT CRATER DIAMETER (FT) CDDODD.DDJ: 30
71967805-70

ENTER: AFFARENT CRATER DIAMETER (FT) LCDDDD.DDI?: 30
7196830,100 ’

ENTER:! AFFARENT CRATER DIAMETER (FT) LDDDD.DDI: 30
?71+8100y-60

ENTER?! AFFARENT CRATER DIAMETER (FT) COonono.onl: 40
?1y8390,100

ENTER! AFFARENT CRATER NIAMETER (FT) CDDODO.DD3I: 30
?1+8470+0

ENTER! AFFARENT CRATER DIAMETER (FT) L[DDODD.DODO3: 30
71+8700+35

ENTER! AFFARENT CRATER DIAMETER (FT) LCnDDD.DD3I: 40
?199650,-10

ENTER?: AFPARENT CRATER DIAMETER (FT) LDDOD.DDI: 30
?1,9808+1535

ENTER: AFFARENT CRATER DIAMETER (FT) LDDOD.DDI: 30 -
?1,9838+50 e e . . -

ENTER: AFFARENT CRATER DIAMETER (FT) LCDDDD.DOI: 30
?6910305-30

ENTER! DIAMETER OF BURIED UXO ENTRANCE (FT) LCDDD.DDLOI: .75
T6924680y-30

ENTER: DIAMETER OF BURIED UX0O ENTRANCE (FT) CDDD.DDDI: .79
?45928409 140

ENTER: DIAMETER OF BRURIED UX0O ENTRANCE (FT) CIDDD.DDOD1: .75
71+29809-10

ENTER: AFFARENT CRATER DIAMETER (FT) CDDDOD.DD3: .75
?719y3340+~-30

ENTER! AFFPARENT CRATER DIAMETER (FT) CDODDD.DDI: .75
71+3340+-100

ENTER: AFFARENT CRATER DIAMETER (FT) LCOLDD.DDI: .75
?46y3350960

ENTER: DIAMETER OF BURIED UX0O ENTRANCE (FT) CDDD.DDD]I?: .75
?693370,180N\081\—~180

ENTER?: DIAMETER OF BURIEID' UX0O ENTRANCE (FT) CLDD.DRD]1: .73
76936509 -80

ENTER: DIAMETER OF RBURIED UX0O ENTRANCE (FT) CDDDR.DIDIS¢ .75
P6936609~90

ENTER: DIAMETER OF BURIELD UX0O ENTRANCE (FT) CDDD.DDDI: .75
7693780y-140

ENTER?! DIAMETER OF BURIED UXD ENTRANCE (FT) LCDDRD.IDD]: .75
?746y3810y-90

ENTER! DIAMETER OF BRURIED UXO ENTRANCE (FT) CDDD.DDD]I?: .75
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?6y39200+80

ENTER?! DIAMETER OF
?5y4100+80

ENTER?! DRIAMETER OF
7614190990

ENTER?! DIAMETER QF
P4694230+50

ENTER? DIAMETER OF
?4694350,-150
ENTER! DIAMETER OF
?694385y~60
ENTER: DIAMETER OF
Th94440y-120
ENTER? LDIAMETER OF
769447050

ENTER?!: DIAMETER OF
594470y ~40
ENTER?! DIAMETER OF
?6y4510y100
ENTER? DIAMETER OF
P694520,110
ENTER?: DIAMETER OF

P6y4570513\31\-130

ENTER? DIAMETER OF
694605930
ENTER: DIAMETER OF
P6y4610+50
ENTER?! DIAMETER OF
P45v46105-30
ENTER? DIAMETER OF
P4Hy4680y5-70
ENTER?: DIAMETER OF
?694700+75
ENTER: DIAMETER OF
P4&v47459-150
ENTER: DIAMETER OF
?6y47855115
ENTER: DIAMETER OF
PEy4946Ty-53
ENTER?! DIAMETER OF
62499000 . .
ENTER: DIAMETER OF
?4950709-140
ENTER! DIAMETER OF
76935110965
ENTER? DIAMETER OF
?469y3155,-80
ENTER?: DIAMETER OF
7693180+-10
ENTER?: DIAMETER OF
69952009y -60
ENTER! DIAMETER OF

BURIED
BURIED
FURIED
BURIED
BURIED
BURIED
FURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
EURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED
BURIED

uxo
Uxo
UXo
uUxo
Uxo
uxo
uxo
uxo
uxo
UXo
Uxo
Uxo
Uxo
uxo
Uxo
Uxo
uxo
uxo
uxo
uxo
uxo
Uxo
uxo
uxo
uxao
uxo

ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
ENTRANCE
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(FT)
(FT)
(FT)
(FT)
(FT>
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)
(FT)

(FT)

(FT)

(FT)
(FT)
(FT)
(FT)
(FT)

Coop.DODY S
CboDp.nDD] ¢
CDDpD.DOD]
LpopD.DoD31:
CODD.DDD]
Loon.pppi:
CopD.ponl:
EpoD.oonil:
Copopn,poni:
CopD.DOD3 2
Coono.ooons
Coon.onni:
Loppp.oohl:
copon,poni:
CLopon,nong:
Lonn. Do ¢
CooD.DOD] 2
LoD, LonR] e
Conp. ooy
coppb.nDO ¢
Ebﬁﬁ;nnnjz
Lopp.DppoD3a3
CDDD.DODT S
Copo,.Dong:
CDLoD.DDD] S
CDDD.DONT S

+75

75

75

79

75

75

+ 75

75
79
75
¢ 79
75
+73
+75
+75
79
o 75
+75
+75
+7S
:75
275
+ 75
+75
+75
75




?76¢3200+100

ENTER?! DIAMETER OF BURIED UXD ENTRANCE (FT) CDDD.DDDI¢ .75
T693250,~-20

ENTER? DIAMETER OF BURIED UXO ENTRANCE (FT) CDDD.DDD1: .75
?6953300y-105

ENTER! DIAMETER OF RURIED UXO ENTRANCE (FT) LC[DDD.DDD1: .75
?4695390+45

ENTER? DIAMETER OF RBURIED UXD ENTRANCE (FT) CDDD.DDD1: .75
?6¢5415,15

ENTER: DIAMETER OF BURIED UX0 ENTRANCE (FT) CDDD.DDDI: .75
T695515,105

ENTER: DIAMETER OF BRURIED UXO ENTRANCE (FT) CDDD.DDD1: .75
P6959109-45 )

ENTER: DIAMETER OF BURIED UX0O ENTRANCE (FT) CODL.DDDI: .75
?69y60709=150

ENTER: DIAMETER OF BURIED UXO ENTRANCE (FT) CDOD.DDDI: .75
76961159 -90

ENTER?! DIAMETER OF BURIED UX0 ENTRANCE (FT) LDDD.DDDI: .75
P496120+-23

ENTER: DIAMETER OF BURIED UX0O ENTRANCE (FT) LCLDL,.LDDA: .79
P497860¢~135

ENTER: DIAMETER OF BURIED UX0O ENTRANCE (FT) CIDRD.DDDI: .75
Pb6s79305y-100

ENTER:! DIAMETER OF BURIED UX0O ENTRANCE (FT) CDDO.DDD1: .75
?7698065y-190

ENTER: DIAMETER OF BURIED UXO ENTRANCE (FT) CLDD.DDDI: .75
7693480, 30

ENTER?! DIAMETER OF BURIED UX0O ENTRANCE (FT) CDOD.DODIC: .75
PIr29759+~-150

ENTER?! DIAMETER OF SURFACE UXQ (FT) CopRD.DOBR1: .75
?523425y~150

ENTER: DIAMETER OF SURFACE UXO0 (FT) LDDD,.DDDI: .75
753948509+ -20

ENTER: DIAMETER OF SURFACE UX0 (FT) CDDD.DDDO]S: 795
75948505170

ENTER: DIAMETER OF SURFACE UX0 (FT) CDDOD.DDDIS .79
7595300925

ENTER: DIAMETER OF SURFACE UX0 (FT) CDDD.DDDI: .75
?75952009~75

ENTER: DIAMETER OF SURFACE UX0 «FT) CDhDoD.DDDI: .75
7959559090

ENTER?! DIAMETER OF SURFACE UX0 <FT) CnoonD.npopi: .75
?5950259-200

ENTER! DIAMETER OF SURFACE UX0 (FT)> CDpR.DDDI: .75
?4y34550

ENTER? DIAMETER OF EROMBLET FIELD (FT) LDDDD.DDJ]:! 490

ENTER?! NUMBER OF BOMBLETS IN FIELD CNNNNNN1! 62
P492867094350\0534,0762s4\49y4\4\3510+0

ENTER?: DIAMETER OF BROMBLET FIELD (FT) LCIDDDO,.DODI1: 1680
ENTER?: NUMBER OF EROMELETS IN FIELD ENNNNNN1?! 750

749549050

ENTER: DIAMETER OF BOMBLET FIELD <FT) CDDOD.DDI: 2190
ENTER! NUMEER OF BOMEBLETS IN FIELD CNNNNNNI: 412
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T4,7485+0

ENTER! DIAMETER OF RBROMBLET FIELD (FT) CDODD.DD]:. 660
ENTER: NUMEER OF BROMBLETS IN FIELD CNNNNNN1: 100
?39330y-40

ENTER! DIAMETER OF SPALL FIELD (FT) LDDDD.DD]1: 660
ENTER?! NUMBER OF SFALLS IN FIELD LCNNNNNN1: 90
?3y1390+0

ENTER: DIAMETER OF SFALL FIELD (FT) CIDpDD.OD]1: 840 .
ENTER?: NUMEBER OF SFALLS IN FIELD LCNNNNNNI! 100
732546590

ENTER: DIAMETER OF SPALL FIELD (FT) CDDDD.DD3: 750
ENTER?! NUMBER OF SFALLS IN FIELD CNNNNNN1: 72
739444050 » .
ENTER! DIAMETER OF SFALL FIELD (FT) LCDhRDD.DDI: 780
ENTER! NUMRER OF SFaLLS IN FIELD LENNNNNN1: 135
739302550

ENTER?! DIAMETER OF SPALL FIELD (FT) CDDOD,.DDI: 150

ENTER?! NUMBER OF SFALLS IN FIELD LCNNNNNN]1: 13
?3,5835+0

ENTER: DIAMETER OF SFPALL FIELD (FT) CDDOD.DD]: 450
ENTER! NUMEBER OF SFALLS IN FIELD LCNNNNNN1:! 355
739427050

ENTER: DIAMETER OF SFALL FIELD' (FT)> LDDOD.DDI: 60
ENTER?! NUMBER OF SFALLS IN FIELD LCNNNNNN1: 4
?3¢7200+0

ENTER?: DIAMETER OF SFALL FIELD (FT) LDonoopno.onl: 1320
ENTER: NUMEBER OF SFALLS IN FIELD LCNNNNNN1: 200

?

DATA INFUT CONCLUDED... 104 DAMAGES

CHOOSE ¢

1 ENTER RUNWAY DAMAGES

2 - MAKE CORRECTIONS TO RUNWAY DATA
3 - STORE RUNWAY DATA ON DISC

4 ~ GO BACK TO TAXI SECTION

35 - GO ON TO VIEWS DAMAGES:.seee2

RUNWAY DAMAGE CORRECTION ROUTINE

READ RUNWAY FILE FROM DISC

DUMF CONTENTS OF TABLE TO TERMINAL
CORRECT A KNOWN BAD FPOINT
EXITOOOQO

CHOOSE ¢

1
2
3
4

i
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3\3\2
J =1 2 3 4 S I
1 160 ~90 40 4 1
1 320 15 30 3 2
1 370 20 30 3 3
1 370 90 40 4 4 .
1 430 -30 30 3 5
1 2830 -100 40 4 6
1 2850 -43 20 2 7 |
1 3075 20 20 2 8
1 3110 ~50 20 2 ? |
1 3150 -90 30 3 10 w
. 1 .. 3360 . -30 30 .3 11
1 3970 50 40 4 12
1 1200 ~100 40 4 13
1 4360 ~20 20 2 14
1 4525 20 20 2 15
1 4685 ~90 20 2 16
1 5450 45 40 4 17
1 5450 65 40 4 18
1 5610 80 20 2 19
1 5640 75 20 2 20
1 5740 50 20 2 21
1 5750 -70 40 4 22
1 6710 0 30 3 23
1 4780 -70 30 3 24
1 6830 100 30 3 25
t 8100 -0 40 4 26
1 8390 100 30 3 27
1 8470 0 30 3 28
1 8700 35 40 4 29
1 9650 ~10 30 3 30
1 9808 15 30 3 31
1 9838 50 30 3 32
6 1030 -30 9 2 33
é 2480 -30 9 2 34
b 2840 140 9 2 35
1 2980 -10 0 0 36
1 3340 -30 0 0 37
1 3340 ~100 0 0 38
6 3350 60 % 2 39
6 3370 -180 9 2 40
é 3650 ~80 9 2 41
4 3660 ~%0 9 2 42
6 3780 ~140 5 2 43
b 3810 -90 9 2 44
4 3900 80 9 2 45
& 4100 80 9 2 46
é 4190 90 9 2 47
é 4230 50 9 2 48
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4350
4385
4440
4470
4470
4510
4520
4570
4605
4610
4610
4680
4700
4745
4785
4945
4990
5070
5110
5155
5180
5200
5200
5250
5300
5390
5415
5515
5910
6070
6115
6120
7860
7930
8065
3480
2975
3425
4850
4850
5300
5200
5590
5025

345
3510
5490
7485

330
1590
2545
4440
5025
5835

-150
=60
~-120
S50
-40
100
110
-130
30
S0
=30
~70
75
=130
113

~35

=140
&5
-80
-10
=40
100
-20
=105
45
13
105
-45
-130
=90

-25

-135
=100
-190
30
-150
-150
-20
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RUNWAY DAMAGE CORRECTION ROUTINE

CHOOSE: 1 - READ RUNWAY FILE FROM DISC
2 - DUMFP CONTENTS OF TAELE TO TERMINAL
3 — CORRECT A KNOWN BAD FOINT
4 - EXITeaeos
3
ENTER: I,J TO CORRECT POINT
< CR> TO ENID
7132
ENTER NEW VALUE FOR IDAMGEC( 13y 2)44.+44200
73691
ENTER NEW VALUE FOR IDAMGE( 36y 1).4446
73791
ENTER NEW VALUE FOR IDAMGE( 37y 1)s4446
7381

ENTER NEW VALUE FOR IDAMGE( 38y 1).04446 i
?

RUNWAY DAMAGE CORRECTION ROUTINE

CHOOSE ¢

READ RUNWAY FILE FROM DISC

[DUMP CONTENTS OF TABLE TO TERMINAL
CORRECT A KNOWN BAD FCINT
EXITessn

1
2
3
4

ENII CORRECTION ROUTINE

CHOOSE: 1 - ENTER RUNWAY DAMAGES

2 - MARE CORRECTIONS TO RUNWAY DATA
3 - STORE RUNWAY DATA ON DISC

4 - GO RACK TO TAXI SECTION

S

~ GO ON TO VIEWS DAMAGES.+ s+ e3 :

CHOQSE : - ENTER RUNWAY DAMAGES

- MAKE CORRECTIONS TO RUNWAY DATA
STORE RUNWAY DATA ON DISC

- GO BACK TO TAXI SECTION

- GO ON TD UIE”S ['AMAGESQ‘OOO'S

Ad U+
i
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GO BACK TO RUNWAY SECTION
MAKE CORRECTIONS TO VIEWS DATA
STORE VIEWS DATA ON DISC
GO BACK TO TAXI SECTION

S5 — EXIT PROGRAM PARTOl.ceese5 ..
TTO -—- GSTOF NORMAL END
*RUN FARTOZ2

CHOQSE:

1
2
3
4

THIS FROGRAM IDENTIFIES THE EASIEST
REFAIRED RUNWAY SEGMENTS BY SELECTING
RUNWAY SEGMENTS WITH MINIMIZED REFPAIR TIMES.

THE TAXI-WAY REFPAIR INFORMATION AND RUNWAY REFAIR INFORMATION
SHOULD HAVE BEEN FREVIOUSLY STORED ON DISK FILES.

IF THIS HAS NOT BEEN DONEs RUN FROGRAM SEGMENT FARTO1.
ENTER TAXIWAY DAMAGE FILE

ENTER RUNWAY DAMAGE FILE

ENTER FARTO0 DAMAGE FILE?

NO

BURIED UXOS CAN BE CONSIDERED TWO WAYS!
1 - REFPAIRED REFDRE EXFLODING» OR
2 - REPAIRED BY FIXING POST-EXFPLOSION CRATER: 1

ENTER THE DENSITY RATIO: (0.9 < It < 1,1)e0es1
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PREFARE TO STORE RESULTS ON A DISC FILE.

TTO -~ STOP NORMAL END
*RUN PARTO3

THIS PROGRAM WILL NOT FUNCTION UNLESS PARTO1 AND PARTO2
HAVE BEEN RUN PREVIOUSLY.
ENTER TAAIWAY D[AMAGE FILE

ENTER RUNWAY DAMAGE FILE

ENTER RUNWAY REFAIR FILE

TTO -- STOP NORMAL END

133




HORAOKAORIORMIOIACH SRR NI AORMINIRHAIHOK NN IKMORAOK AR AN AOKIOK
R LRI SOROICIROROKKIK AR IK K KK OKHOIOKMKMOK N KK AORMKHMOK HKAHOR K A ORI ACK K AKAOK

RECULTS COF RUHWAY SEGMENT (MOS) SELECTION

ORSTOHORRAORHORHKAOR AR KKK HHCHORAKHAHIOKAOK
ol e s kisiekssioieinisorior e NOKCKCKACKAK: ICIC ek eI RIOK I ICIOR K

Tl LJE BEST SEGMEMTS IN THE
LRl 346 RAMGE DIRECTION:

ToE RUMCER ) SEGHMENT:

STARTS aT: K = 800.8 FEET DOWN THE RUNUAY
Y = 56.3 FEET FROM CENTERLIHE
ALSHA = -1.146 DEGREES rR0M CENTERLINE
Tk FUUR CGRMERS ARE (R.Y):
203,5 2k.4
6089.5 75.8
5599.5 -25.0
5$598.5 -75.9

TEETZ GRE A TOTAL OF 27, DAMAGES IN THIS SEGMENT

T= TGTHL REENIR THHME IS ESTIMATED TO BE 1658, MIHUTES.

THATWE? CTWL .., £3.8 MINUTES
SR P L 20,8 MINUTES

NUHWEAY ACCESS. ... 2:48.8 MINUTES
T 1198.8 HMINUTES

TAXIWAY DAMAGES

LCCATION #=CJuR Y-COOR TYPE TIME

R 120 25 SUXD 60.0
AR 268 -390 CRTR 109.0
BREEA 2¢n -250 CRTR 1909.8
T 430 -3u CRTR 159.9
gy D] g OMLT 3.9
A Set -4g LraL 93.9
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RUNWRAY (MOS) REPAIRS:

PA“AZE  X-COORD. Y-COORD. TYPE DIAMETER QUALITY TIME TO
NUMBER (FT.) (FT.) (FT/IN) (NUMEBER)  REPAIR
3 3075 20 CRTR 20 A 200.
11 33559 -39 CRTR 30 a 215.
el 4350 -20 CRTR 28 D 125,
ok | e -39 BUXC 9 18.
35 2630 -18 BLHN 0 a.
37 3349 -30 BUXO 9 9.
51g] 4585 -60 BU0 9 19.
5% 44470 -40 BUXD 9 1@.
59 4610 -39 BUX0 9 19,
BU 4650 -79 BUXO 9 10.
Get IG5 -55 BUNO 9 18.
35 Staag g BUN g 19,
i 5158 -6 guxo 9 19.
Ge v) -10 BLKO 9 19.
1) 200 -50 BU=0 9 18,
T 5250 -20 2UK0 9 13.
G 309 30 BUN 9 10.
37 4850 -20 SULD 9 68.
] 5200 -7S SUxG 9 68.
~ 3 215 9 aMLT 690 62 B.
A 3310 A BHLT 168¢ 758 9.
w3 5100 3] GHLT 2199 412 9.
a7 329 -8 SPAL 660 5] cq.
©3 1590 9 SPAL 940 108 100,
G oot a spaL ey 72 72,
) NRRT 9 SPAL 789 135 135.
st (1] 9] 3PAL 159 13 13.
' TUE NUMSER 2 SEGMENT:
3
STARTS NT: X = 490.8 FEET DOWN THE RUNUWRY
Y = 25.6 FEET FROM CENTEPRL TMC
NLEHA = 0.0u DEGREES FROM CEMTERL LNE
T-E FQUR CORMERS ARE LYY :
w9 8.0
490.9 50.0
5480.0 50.8
5420.0 8.8




THIFZ ARE A TOTAL OF  28. DAMAGES IN TH1S SEGMENT

THE TOTAL REPAIR TIME IS ESTIMARTED TO BE 1785. MINUTES.

TAXIWAY (TWL )., €8.8 MINUTES
BAMP (RMPLY...... 200.8 MINUTES
RUMWAY ACCESS.... 248.0 MI4UTES
{3119 1 - S 1285.8 MINUTES

TAXIWAY DAMAGES

LCCATION #-COOR Y-COOR TYPE TIME

VWt 120 as SUX0 68.8
it 2648 -390 CRTR 199.2
e 2260 ~298 LRTR 190.9
SHUY 430 ~30 CRTR 159.9
HER IR\ 345 0 BHLT 7.8
LY 330 ~48 SPAL 99.9

RUNWRY (MOS) REPAIRS:

DAMALE  X~-COORD. Y-COORD. TYPE DIAMETER QUALITY
NUIBER (FT.3 (FT.) (FT/1IN) (NUMBER)

8 3075 20 CRTR 20 A

12 3970 Se CRTR 49 A

14 43608 -20 CRTR 28 A

15 4525 268 CRTR 28 D

36 2960 -19 BUXO 8

39 3358 60 BUXD 9

43 4238 59 BUXD 9

s2 <470 S8 BUXO 9

57 4685 30 BUX 9

38 4618 56 BUXO 9

G1 4709 7S BUXO 9

65 <4990 8 BUXO 9

&7 S110 65 BUXO 9

69 5189 -10 8UX0 9

o 3258 ~-28 BUXOD 9

TIME TO
REPAIR




THE TOTsL SEPAIR THE 1S ESTIMARTED TO BE

TaXIWAY (TW1 ... 68.8 MINUTES
ROFP (RMPL...... 200.9 MINUTES
RUHKAY RELESS. ... 249.9 MINUTES
HoO.S5.veivnnns ‘o 1345.8 MINUTES

TAXIWAY DAMAGES

74 5398 49 8UXD g
73 5415 15 BUX0 9
34 3-130 30 8UX0 9
37 <4358 -20 SUX0 9
89 5388 23 SUXo Ed
93 343 a8 BMLT 698 62
24 3510 8 BMLT 1688 758
95 5499 a BMLT 2198 412
a° 330 ~48 SPAL 668 °8
g 1508 ] SPAL 84p 100
o9 2565 g SPAL 758 2
by 318 a SPAL 788 135
10t 5025 8 SPAL 158 13
- THE NUMBER 3 SEGMENT:
STARTS AT: X =  200.8 FEET DOWN THE RUNWAY
Y = -58.8 FEET FROM CENTERLINE
ALPHA = D.2B6 DEGREES FROM CENTERLINE
THE FOQUR COKHERS ARE (X,Y):
20d. L ~75.8
199.9 -25.8
5199.8 -8.9
5288.1 -50.8

THERE ARE A TOTAL OF  28. DAMAGES IN THIS SEGMENT

1845. MINUTES.

LOCATION ¥~COOR Y-CQOOR TYPE TIME

TWl 196 235 SUXa 668.8

Kt 269 ~309 CRTR 166.8

N 299 ~288 CRTR 160.4
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RHWY
RUWY
KHWY

(FT.2

n DAMAGE  X-COORD.
NUIBER
5 430
7 23850
9 3119
11 3364
14 43649
3 1950
34 2638
36 2939
37 33«19
4 3630
53 4385
53 4479
54 461
i 4689
G-t 4965
38 495y
=9 5139
) 529
37 4354
{ 39 5200
23 345
34 3310
25 590
s7 330
et 1599
o3 2563
100 4499
1t 3635

THE HUMBER

START3 AT:

RUNWAY (MOS) REPAIRS:

-38
-43

~30

-39

1 SEGMENT:

600.9 FEET DOWN THE RUNWAY

~30

-48

Y-COORD.
(FT.)

TYPE

CRTR
CRTR
CRTR
CRTR
CRTR
BUXO
BUXO
BUXO
BUXO
BUXD
Bu*0
BUXO
BUXO
BUXO
BUX

BUXO
BUXO

" BUXO

SUX0
SUX0
BMLT
BMLT
BMLT
SPAL
SPAL
SPAL
SPAL
SPAL

THE THREE BEST SEGMENTS N THE
DECKRERSING RANGE DIRECTION:

CRTR 158.

BMLT

SPAL 9.

DIAMETER
(FT/IND

3e
28
20
58
28

YLCWOWWOUWWOVWLUOLUYWLYDYWDOWW

690
1688
2199
668
848
’50
788
150

50.8 FEET FROM CENTERL INE
ALPHA = -1.146 DEGREES FROM CENTERL INE

138

[
o0

QUALITY
(NUMBER)

SDOPDD®

62
730
412

S
109

22
135

13

TIME TO
REPAIR

285.

108.
135.
13.




THE FOUR CORNERS ARE (X.Y):
599.5 25.9

688.5
5599.5
5598.5

75.9
-25.8
-75.8

THERE ARE A TOTAL OF 27. DAMAGES IN THIS SEGMENT

THE TOTAL REPAIR TIME IS ESTIMATED TO BE

1668. MINUTES.

TAXIWAY (TW1 )., 60.8 MINUTES
RAMP (RMPLY...... 208.8 MINUTES
RUMHWAY RACCESS.... 2<8.8 MINUTES
g P 1 P 1160.8 MINUTES

TAXIWAY DAMAGES

LOCATION X-COOR Y-COOR TYPE
TW! 199 25 SUX0
Rt 260 ~308 CRTR
APt 296 -280 CRTR
RHWY 430 =38 CRTR
MUY 345 4] BMLT
RHWY 3508 =48 SPAL

RUNWAY (MDS) REPAIRS:

TIME

€0.
100.
1v9.
150.

°0.

DAMAGE X-COORD. Y-COORD. TYPE DIAMETER

MUTiBER (FT.) (FT.) (FT/7IND
3 3075 20 CRTR 28
1 3366 -30 CRTR 30
14 43266 =20 CRTR 20
34 2680 -38 BUXO 9
36 2960 -10 BUXC 3]
37 3349 -390 BUXO e
=] 4335 -68 BUXO E
z3 4470 ~-40 BUXO 9
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(NUMBER) REPAIR
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59 4610 -38 BUXO 9
8] 46860 -79 BUXO 9
Gt 49€S -55 BUXO 9
€S 4999 a BUXO 9
68 5155 ~-80 BUXO 3
69 5139 ~-10 BUXO 9
9 5208 -60 BUXO 9
72 5250 -20 BUXO 9
g4 3430 30 BUX0D 9
87 4858 -28 SUXO 9
=14 35200 ~75 SUX0 9
93 345 %] BMLT 690
<4 3518 %] - BMLT 1690
2k 5:190 . %} BMLT 2198
a7 328 -49 SPAL 668
<3 1539 (5] SPAL 840
< 2565 8 SPAL 750
154 A48 3] SPAL 798
101 5925 0 SPAL 150

THE NUMBER 2 SEGMENT:

STARTS AT: X =  208.8 FEET DOWN THE RUMWARY
Y = -50.8 FEET FROM CEMTERLINE
ALPHA = @.286 DEGREES FROM CENTERLINE
THE FOUR CORMERS ARE (X.Y):
200.1 -75.8

139.9

5199.8

5280. 1

62
759
412

S8
180

135
13

THERE ARE A TOTAL OF  28. DAMAGES IN THIS SEGMENT

THZ TOTAL REPAIR TIME IS ESTIMATED TO BE 1785. MINUTES.

TAXIWAY (TWL1 )... 60.8 MINUTES
RAFP (RMP1)...... 2008.8 MINUTES
RUMWAY ACCESS.... 248.9 MINUTES
M.0.S.vvvenrnenn. 1285.0 MINUTES

TAXIWAY DAMAGES
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LOCATION X~COOR Y-COOR TYPE TIME

: TW! 190 25 Suxg €8.9
RMP1 260 -300 CRTR 199.9
: RMP1 299 -290 CRTR 100.9
} RNLY 430 -39 CRTR 150.9
, RHWY 345 8 BMLT 9.0
| RHUY 330 -4 SPAL 99.9
|
RUNWAY (MOS) REPAIRS: : .
DAMAGE X-COORD. Y-COORD. TYPE  DIAMETER QUALITY TIME TO
NUMBER (FT.) (FT.) (FT/IN) (NUMBER)  REPAIR
5 430 -390 CRTR 30 D 175.
7 2350 -43 CRTR 20 D 125.
3 3110 -50 CRTR 20 A 200.
11 3260 -3 CRTR 30 A 215
14 4360 -29 CRTR 20 B 178.
33 1930 -39 BUXQ 9 18.
24 2659 -30 BUXO 9 18.
5 2989 -18 BUXO B 2.
37 3349 -39 BUXO 9 8.
41 3650 -30 BUXO 3 19.
54 4385 -68 BUX 3 19.
53 4479 -49 BUX a 19.
59 4618 -39 BUX 3 19.
50 4688 -70 BUX 9 10.
- 4963 -85 BUXO 9 18.
63 4399 ) BUXO 9 10.
59 5120 -109 BUX 9 19.
0 5260 -63 BUX 9 19.
o7 4850 -20 SUX 9 60.
=L 5208 -75 sux0 9 60.
3 o3 345 ) BMLT 690 62 9.
; 2 3510 9 BMLT 1680 750 a.
; @3 54199 9 BMLT 2190 412 8.
| a7 330 -40 SPAL 660 99 9.
' 23 1590 0 SPAL 940 199 160.
[ a9 2565 e SPAL 750 72 72.
160 41419 0 SPAL 780 135 135.
101 5625 ] SPAL 150 13 13.

THE NUMBER 3 SEGMENT:

STARTS AT: X = 400.8 FEET DOWN THE RUMWAY
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Y = 25.8 FEET FROM CENTERLINE
ALPHA = ©.000 DEGREES FROM CENTERLINE

THE FOUR CORNERS ARE (X,¥):

400.0 8.8
400.8 S8.8
5400.0 50.9
5400.0 0.9

THERE ARE A TOTAL OF  28. DAMAGES IN THIS SEGMENT

THE TCTAL REPAIR TIME IS ESTIMARTED TO BE 1785, MIMNUTES.

TRXIWAY (TUl ... 68.8 MINUTES
NAMP (RMP1Y ... 200.8 MINUTES
RUHWAY ACCESS.... 249.8 MINUTES
0 P 1285.8 MINUTES

TAXIWAY DAMAGES

LOCATION x-COOR Y-COOR TYPE TIME

Tt 190 25 SUX 68.9
S 260 -300 CRTR  169.9
s 229 -290 CRTR  108.8
A1y 430 -39 CRTR  150.8
R 345 8 BMLT 9.0
} RiilY 336 -40 sPaL  90.8
| RUNWAY (MOS) REPAIRS:
DAMAGE X-COORD. Y-COORD. TYPE  DIAMETER  QUALITY
UMBER  (FT.) (FT.) (FT/IN) (NUMBER)
3 3075 20 CRTR 20 D
12 3970 50 CRTR 49 A
14 4360 -20 CRTR 28 A
15 4525 28 CRTR 20 A
T2 2980 -19 BUXO 9
142

TIME TO
REPAIR

128,
250.
299.
209.




39 3358 e BUXO 9 l1@.
35 4230 568 BUXO0 9 10.
2 4470 58 BUX 9 18.
57 4695 30 BUX S 1.
S8 <4610 =17 BUXO 9 18.
61 47008 S BUXO 9 19.
53 4298 5} BUXO 9 19.
67 5118 65 BUXO 9 19.
E9 51806 -18 BUXO S 19. -
2 5359 -28 BUXO 9 18.
74 5398 45 BUXO 9 18.
S 5415 15 BUX 9 18.
54 3480 38 BUX .9 18.
7 4550 -20 SUX S 60.
39 5360 25 SU*0 S 60.
{3 345 4] BMLT 690 €2 8.
o 3519 4] BMLT 1680 758 9.
@3 5420 8 BMLT 2198 412 9.
97 338 -40 SPAL 668 98 98.
=8 1559 3} SPAL 348 1e9 108.
29 28135 8 SPAL [gs1a) 72 c2.
ey “4-419 8 SPAL 780 135 135.
et 58235 8 SPAL 158 13 13.

THE THREE BEST BI-DIRECTIONAL SEGMENTS:

THE NUMBER 1 SEGMENT:

STARTS AT: X = 660.9 FEET DOWN THE RUNWAY
Y = 58.8 FEET FROM CENTERLINE
A =

ALPH -1.146 DEGREES FROM CENTERLINE
THE FFRUR CORNERS ARRE (X, Y):
599.5 25.08
600.5 75.0
5599.5 -25.9
$598.5 -75.8

THERE RRE A TOTAL OF 27. DAMAGES IN THIS SEGMENT

THE 7OTAL REPAIR TIME IS ESTIMARTED TO BE 1735. MINUTES.
m=iuAY (TWl ). €0.9 MINUTES
ROLP (RMP1)...... 200.9 MINUTES
RUHWAY ACCESS.... 249.8 MINUTES
M.0.Scveevennn . 1235.0 MIMUTES
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DA
NL

11
14
34
36
37
7]
33
59
58
()
53
<3
[3=)
i)

-y

34
3r
0
3
S
S5
97

L0l

TAXIWAY DRMAGES

LOCATION

TW1

Rkt
NES]
RHWY
INgiM) g
Y

AEE X-COORD.

CER

3675
33648
4366
26£8
2989
3349
4385
edy
46519
4680
4965
49909
%5155
5130
5200
52509
3438
4850
5200
345
3510
5420
338
1594
2565
BRE
5129

(FT.)

RUNWAY (MOS) PTFARIRS:

X-CO0R Y-CO0OR
190 25
268 -300
296 -288
4308 -30
345 2
338 -48
Y~COORD. TYPE
(FT.)
29 CRTR
-39 CRTR
-20 CRTR
-30 BUX
-19 BUX
-38 BUX
-68 BUX
-9 BUXO
~38 BUXI
-78 BUX
-55 BUXO
3] BUXO
-39 BUXO
-1i8 BUXI
-60 BUXO
-24 BUXO
39 BUX
-28 SUX0
-7S SuUXo
5] BMLT
a BMLT
2] BMLT
~-49 SPAL
9 SPAL
3] SPAL
5] SPAL
3] SPAL

144

TYP

SUXO
CRTR
CRTR
CRTR
BMLT
SPAL

E

TIME

€8.9
199.0
180.9
159.8
8.8
99.9

DIAMETER
(FT/71IN)

.0
CVVWOUWVUVWYLWYUWUOLYWWLUWOUWWLWLDERW

-
o o
@ ¢
[

2199

@
8®

~
@ u
oo

158

QuaLITY
(NUMBER)

o DD

62
7’50
412

Sa
106

135
13

TIME TO
REPAIR

108,
72.
135.
13,




THE MUMBER 2 SEGMENT:

STARTS AT: X =  480.8 FEET DOWN THE RUNWAY
Y = 25.0 FEET FROM CENTERLINE
ALPHA = ©.000 DEGREES FROM CENTERLINE

THE FOUR CORMERS ARE (X,Y):

-66.0 0.9
400.9 8.9
5400.0 50.8
5400.9 0.8

THERE ARE A TCTAL OF 28. DAMAGES IN THIS SEGMENT

THE TOTAL REPAIR TIME IS ESTIMATED TO BE 1968. MINUTES.

TAXIWAY (TWL J... 68.8 MINUTES
PAMP (RMPD)...... 200.8 MINUTES
RUNWAY ACCESS.... 248.8 MINUTES
M0.Seeeeiiannnns 1368.8 MINUTES

TAXIWAY DAMAGES

LCCATION X-COOR Y-COOR TYPE TIME

T 198 25 SUX0 608.9
<MPt 260 ~300 CRTR 100.9
RHP1 299 -280 CRTR 100.8
RHEJY 438 -30 CRTR 159.8
SHWY 345 %) BMLT 8.0
wHWY 320 -40 SPAL S8.0

RUNWAY (MOS) REPAIRS:

dapAnE X-COORD.  Y-COORD. TYPE DIAMETER QUALITY
NUMEE R (FT.) (FTO (FT/IN) (NUMBER)
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3 3875 208 CRTR 28 A 200.
12 3970 59 CRTR 48 A 256
14 4560 -20 CRTR 20 A 200.
15 1325 20 CRTR 20 A 208.
36 2980 -10 BUXO a 8.
z 2359 1) BUXO 9 10.
“ 42350 se BUXO 9 10.
2 4470 58 BUXO S 19.
57 <1665 30 BUX 9 18.
S3 4618 50 BUXO 9 19.
61 4780 7S BUXO 9 18.
£3 4998 2] BUXO 9 18.
or 5118 65 BUXO 9 10.
59 5158 -18 BUXO 9 10.
72 5250 -20 BUX 9 10.
T4 5320 43 BUX 9 18.
3 5415 1S BUXQ 9 18.
84 330 38 BUXO 9 18.
u7 B ~-20 SUX 3 68.
59 35500 25 SUX Q 608.
93 3415 4] BMLT €99 62 8.
S 3510 8 BMLT 1680 758 a.
5 S48 0 BMLT 2199 412 8.
5é 339 -d6 SPAL 668 9e 99.
<3 1528 a SPAL 840 108 180.
99 2565 5] SPAL 750 2 2.
1) 4440 0 SPAL 780 135 135.
Ut S02s 0 SPAL 150 13 13.

THE NUMBER 3 SEGMENT:

STARTS AT: X = 700.0 FEET DOUN THE RUNWARY
Y u -50.8 FEET FROM CENTERL INE
A =

ALPH 0.286 DEGREES FROM CENTERL INE
THE FCUR CORHERS ARE (X,Y):
¢718.1 -75.9
699.9 -25.9
5699.8 -0.0
57r09.1 -50.08

THERE ARE A TOTAL OF 28. DAMAGES IN THIS SEGMENT

THE TOTAL REPAIR TIME IS ESTIMATED TO BE 1875. MINUTES.
TAXIWAY (TWl ) ... 68.8 MINUTES
RAMP (RMP1Y...... 208.9 MINUTES
FUMWAY ACCESS.... 249.9 MINUTES




M.0.S.eeeennannns 1375.8 MINUTES

TAXIWAY DAMAGES

LOCATION A-COOR Y~COOR TYPE TIME

LIt S 199 23 SUX0 60.0
RhiPt 260 -360 CRTR igo.08
ROSED! 290 -288 CRTR 100.9
BNWY <436 -30 CRTR 150.8
Y 345 8 BMLT 2.0
Wy 330 -48 SPAL 90.8

RUNWAY (MOS) REPARIRS:

IAMACE  4-COORD. Y-COORD. TYPE DIAMETER QUALITY TIME TO

NulGER (FT.2 (FT.) (FT/IN) (NUMBER) REPAIR
v 2238 -43 CRTR 28 ] 209.
3 3110 ~56 CRTR 20 R 200.
1t 3360 -38 CRTR 38 A 21S.
p e 43&0 -20 CRTR 28 c 135.
33 1930 ~36 BUX S 18.
34 2689 -30 BUXO0 9 19.
36 2980 ~-10 BUXO e 8.
a7 3348 -39 BUXO e a.
41 3650 -36 BUX0 9 18.
1) 4385 -60 BUXO 9 18.
53 4470 =i BUXO 9 18.
S39 4610 ~-38 BUXO 9 10.
60 4680 -79 8UX0 9 10.
64 4965 -55 BUX 9 18.
65 <499a ) BUXO 9 18.
£9 5130 -10 BUXO 9 18,
78 S52ve -68 BUXO 9 19.
72 5250 -20 BUXO 9 10.
5 5415 15 BUXO 9 18.
87 4859 ~20 SUX0 9 68.
99 S2e0 ~75 SUX0 9 60.
94 3510 -] BMLT 1680 750 8.
95 5490 2} BMLT 2199 412 8.
98 1590 2] SPAL 840 100 180.
29 2565 a SPAL 750 72 72.
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129 4449 3] SPAL 780 135 135.
1 5025 2 SPAL 158 13 13.
2 $835 %) SPAL 458 SS SS.
v
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INITIAL DISTRIBUTION

DTIC-DDA~2

1HQ AFSC/DLWM

HQ AFSC/SDNE

HQ USAFE/EUROPS (DEXD)
11Q USAFLE/DEX
AFATL/DLJK

AD/IN

USAFTAWC/THL
USAFTAWC/THLA
AFATL/DLODL (Tech Library)
EOARD/LNS .
SHAPE TECHNICAL CENTER
HQ PACAF/DEM

tHiQ PACAF/DEPR

AUL/LSE 71-249

HQ SAC/DEM

US Navy Civil Engineering Lab
HQ ATC/DED

HQ MAC/DEM

HQ AFESC/DEMP

O AFESC/DEO

HQ AFESC/TST

HQ AFESC/RDCR

USAE WESGF

USAE WES

HQ USAF/LEEX

HQ USAF/LEYW

HQ USAF/RDPX
AFWAL/FLEM

AFIT/DET

HQ AFLC/DEMG

AFIT/LDE

ASD/RWRS
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