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SECTION 1

INTRODUCTION

This report summarizes the results of a study into the technical demands
and related cost impacts of a new generation of radar systems capable of
extended periods of unattended operation. The study objective was to establish
through performance/cost trade-offs, recommendations for an unattended radar
system configuration which provided the highest possible total system functional
reliability at reasonable cost without significant compromises to a set of perfor-
mance goals established by the Air Force at the study outset, The primary
emphasis of the study addresses the requirements for a 2 dimensional 60 nautical
mile (nmi) radar system for operation on the DEWLINE. A secondary aspect
of the study considered the technological demands of a minimal to unattended
operation for 3 dimensional 200 nmi air defense radars. The 2D/60 nmi and

3D/200 nmi radars have been designated Type A and Type B" respectively.

This report does not presume to select a specific hardware configuration
for a DEWLINE replacement radar, It is very evident that until a mission
profile rather than performance goals are established it will not be possible
to select a configuration that optimizes cost and performance, This is parti-
cularly true in the selection of UHF or L-band as the operating frequency.
Operational detection requirements in the presence of multipath will be the pri-
mary influence in frequency choice with ECCM and growth to 3D operation

secondary issues.

Presented in this report is a family of Type A hardware configurations at
both UHF and L-band, based on a common system configuration. Each hardware
option has differing operational benefits and related cost performance para-
meters. It is left to those who determine the ultimate mission requirements to
provide the guidance for the ultimate selection of a specific hardware configur-

ation for a replacement radar for the DEWLINE.

* In accordance with the Statement-of-Work direction the major effort of this
study has been directed at the Type A radar. [t has not been possible within
the time constraints of this study to conclude the rigorous trade-offs required
to establish valid conclusions for the Type B system.
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SECTION 2

TYPE A DESIGN STUDY

2.1 GENERALIZED DESIGN GUIDELINES

2.1.1 PRIMARY RADAR
The initial task of the study was to identity which of the performance
goals should drive a generalized system design, It was determined that the

two prime influences were low power consumption and 3 hour visit for repair.

Low power consumption dictated minimum losses particularly at RF. This
required all RF amplifying circuits to be mounted in close proximity to the
radiating elements of the antenna. Need to eliminate friction, wind resistance
and inertia determined an electronic scan in azimuth. Coverage requirements
specified 36C degrees in azimuth. This precluded any antenna with limited azimuth
scan. However by postulating that the most likely threat is from a high speed
target at 100-500 ft altitudes, a 360 degree scanning system is highly desirable
to ensure adequate track time (>2 minutes) for high confidence identification
of a hostile aircraft. A basic guideline that the antenna must be suitable for
mounting on a 100 ft tower to enable contiguous coverage at all elevations for
sites spaced at approximately 40 nautical mile intervals imposes the need to
constrain the radiating aperture. The low power requirement dictated maxi-

mizing the radiating aperture.

The antenna configuration selected for both UHF and L-band is a 44 ft
diameter by 7 ft high ring array, The elevation aperture was determined by
the number of beams needed to cover 0 to 40° on the assumption the full
aperture would be used for transmission and reception. Use of the full aperture
on transmission eliminates the need for pulse compression without demanding
excessive peak power from transistorized transmitter modules, and
simultaneous reception from each beam helps maximize the system detection
sensitivity. A 7 ft high elevation aperture provides 6 beams at [.-band and
2 at UHF. A larger elevation aperture would give an excessive number of beams
to be processed at I.-band while 2 beams at UHF provides for a minimum
desired amount of system redundancy without excessive RF power demands or
hardware complexity.

2-1
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The ring array electronic scan antenna was preferred over other candidates
because of the invariant beam shape characteristics over 360°, The ring array
is the nearest electronic equivalent to a mechanically rotated antenna. The
diameter was basically determined by element spacing for sidelobe control
coupled with judgemental factors on problems of mounting meaningful larger
diameters 100 ft in the air. The 44 ft diameter array contains 256 vertical

stacks of radiating elements at L.-Band and 128 vertical stacks at UHF.

The other prime influence over the generalized system design was deter-
mined to be the 3 hour limit placed on a site repair visit, The limit was judged
to be reasonable if problems of visiting an unattended site in the Arctic up to

200 miles from a base are considered.

The need was obvious that the failures which occur at unattended site must
be known with high confidence before a repair visit is made. This failure must
also be known to the field replacement unit (FRU) since simple replacement is

the only action realistic at an unattended site in mid-winter.

An extensive status monitoring (BITE) system was needed with remote
readout at manned bases. Once the need for extensive BITE was established
a tool was available for remote manual switching of spares for failed non-
redundant units, This served the dual purpose of minimizing power consumption
and eliminating critical self diagnosis/self repair systems. The generalized
primary radar system building blocks are shown in Figure 1, It should be noted
that reliability issues were not primary considerations in determining the
system design, Itis a desirable goal of a radar designed for low-cost-of-
ownership that it be constructed from a common module replicated many times,
while low power consumption dictates a high degree of parallelism in the antenna/
transmitter configuration. Both the above features are necessary for a high
reliability,

The key feature of radars with >20, 000 hour MTBF's is parallelism both
at the hardware and system level, Ideally this parallelism in the hardware
should be inherent to meeting the basic system performance, In this case re-
dundancy is ''for free'' and not needed for its own sake. The successful cost
effective design of an unattended radar will exploit parallelism in ways that will
permit specific amounts of graceful degradation at both hardware and system

level without adding redundancy for its own sake.
2-3
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2.1.2 SIF/IFF

The generalized system design guidelines for the SIF/IFF emerged from
philosophies similar to the primary radar., The basic difference is that the
SIF/IFF would only issue a challenge for new or dropped tracks., This phil-
osophy was judged to be consistent with the role of an early warning network
wherein if the primary radar cannot detect a target SIF/IFF would be of little

use,

The need for an electronic azimuth scan follows the same rationale as
for the radar, the only options were whether the SIF/IFF antenna should be
integrated with or autonomous from the primary radar., This question was
resolved in favor of an autonomous system since power budgets for the co-
operative SIF/IFF did not require the use of aperture in the same manner as
the primary radar. In particular, a single shaped beam covering 0° to 50° was
readily acceptable while the only real constraint on azimuth beamwidth was
resolution criteria. These considerations lead to a ring array 13 feet in diameter
and 15 inches high. The basic azimuth beamwidth from the antenna is approxi-
mately 70, however, by using beam-shaping techniques possible with co-opera-
tive systems the effective azimuth resolution is 3. 5°. This meets the intent
of the goals set by the contract specifications. The same power budget con-
siderations which permitted use of a 13 ft by 125 ft ring array also eliminated

the need for mounting the RF amplifying circuits at each radiating stack.

It cannot be over emphasized that the co-operative nature of the SIF/IFF
detection process (l/RZ) and the very low duty cycle of operation proposed for
the Type A system make the realization of SIF/IFF unattended operation a very

different problem than for the primary radars.

2.2 SYSTEM DESIGN

2.2.1 GENERALIZED SYSTEM BLOCK DIAGRAM

Figure 2 shows the generalized system block diagram of the system. In
the case of the IFF system, parameter variables are limited by the co-operative
requirements of the system with airborn transponders. The options that are
possible for the IFF primarily involve levels of processing capability which
again must be determined by mission planners. However, the highly modular

microminiaturized nature of the proposed IFF result in minor cost impacts to
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the primary radar/IFF combination for any known level of SIF/IFF processing.

The primary radar is a considerably different proposition when considering the

available options and resulting cost/performance impacts,

The following tabu-

lations are the fixed parameters of the primary radar and IFF for all configura-

tion variants,

Primary Radar

Array Diameter
Array Height
Maximum Range
Receiver Noise Figure

Beam Forming-

Sampling
Spectral Analysis
Frequency Agility

Average PRF
SIF/IFF

System Operating Modes
SIF/IFF Modes
Azimuth Coverage
Elevation Coverage
Range Coverage
Range Resolution
Range Accuracy
Azimuth Resolution
Azimuth Accuracy
Target Capacity
Fruit Environment

ISLS Punch Through
Margin

Uplink Power Budget
Margin

Downlink Power Budget
Margin

44 Ft.
T fE.

60 NM
1.4 dB

R-2R azimuth lens followed by
elevation network

0. 8 of pulsewidth
8 pulse batch coherent processing

4 batches (UHF)
2 batches (L-Band)

1150

On-Demand or Continuous,

1582, 3/A, C, and 4

360°

-10° to +50°

0.5 to 60 nmi

400 feet

400 feet

40, Average

0.3° J
32 in 4° AZ Wedge |
30, 000 per second |
3 dB, (min)

+5 dB, Worst-Case

+7 dB, Worst-Case
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SIF Processing Capability Full AN/TPX-42A
IFF Target Evaluator Full AWACS
Capability
A physical view of the system is shown in Figure 3, The radar and IFF
are housed in a structure atop a tower. The tower height is anticipated to be
100 ft at most sites to meet an assumed requirement that a target at altitudes

100-200 ft must be detectable with 40 nmi separation between radars,
2.2.2 PRIMARY RADAR SYSTEM PARAMETER OPTIONS

The generalized system design guidelines and block diagram permit a
number of system configuration options at both UHF and L-Band. Table 1 lists

the parameters involved.

Table 1

Scan Structure Single Frame

Split Frame

Fence
Elevation Plane Focal Steps 1 or 2 (UHF)

3 or 6 (L-Band)
Transmitter Pulse Length 1.5 or 6 microseconds
Location of solid-state At radiating stack

transmitter/receive modules At quadrant switch

Signal Processing MTI or MTD

2.2.2.1 Scan Structure

Single Frame

A single frame scan permits all elevation beams to be searched on

each azimuth scan. If all elevation beams are simultaneously instrumented, then
a good frame time (3.6 sec. for 16 pulses on target), and subsequent track
initiation time (14.4 sec) can be achieved. However this type of single frame
scan leads to a higher duty cycle (~4% L~Band, 1.4% UHF) with consequent
higher power consumption. It also requires more hardware in that a separate
receiver and signal processor channel is needed per beam. This amounts to

6 channels at LL-Band and 2 at UHF.
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Type A Radar Configuration

Figure 3.
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An alternative form of single frame scan occurs when only half the number
of beams are simultaneously instrumented. The two groups of beams are
searched in sequence, but still on the same scan. Half of the receiver and
signal processor channels are saved (relative to the fully instrumented single
frame scan); however, the frame and track initiation times are also doubled
to 7.2 and 28. 8 sec, respectively. This frame time can be reduced by using
a smaller number of pulses in each beam position, however, the full advantages
of either frequency agility or 8 pulse coherent integration must be given up.

This is considered an undesirable option.

The single frame system has an intrinsic appeal as it represents the most
straightforward and least complex of all scan structures. The radar scan is not
required to 'adapt' to the motions of the target. This scan type also possesses

the advantage of covering the complete surveillance volume each scan.

It is difficult to satisfy all requirements (low frame time, low power con-
sumption low complexity) simultaneously at L-Band with a single frame scan
where six elevation beams are required to fill the search volume for the 30 nmi,
1 square meter cross-section target. These requirements can be met at UHF
where only two elevation beams are needed to implement a single scan system

with a 4 second frame rate.

Split Frame

The split frame scan was conceived to provide further options to the frame
time/hardware complexity dilemma at L-Band. In brief, a split-frame scan
searches one half of the elevation volume on each scan and the remaining half on
the succeeding scan, If a target is found on a particular beam on a scan, that
group of elevation beams is revisited for the next 3 scans on the same azimuth
beam. The frame time is 7.2 seconds but the average track initiation time is

16. 2 seconds.

The disadvantages of a split-frame are the decreased surveillance update
rate and the additional control complexity required in moving beams in response
to previous target detections. In addition a penalty of about 0.4 dB is extracted
due to higher false alarm threshold requirements.

2-9




The use of a split-frame is more attractive at L.-Band because of the 6

channels involved. Three rtceiver/processor channels can be saved while the
two beam UHF system will only save one channel at the expense of twice the

frame rate.
Fence/Bowl

A minimum energy system can be constructed if the concept of a ''tripwire"
system is applied literally. Fence/Bowl configuration permits all elevation
beams to be searched each scan but only at predetermined range intervals. The
advantage is reduction in receiver channels and signal processor memory.
Additional data processing logic can be used to maintain update on target in
track, however, targets entering the coverage from above the predetermined 1
sq/meter target track initiation fence and tracked targets entering the cone-of-
silence would be difficult to pick-up until they penetrate the 1 sq/meter target
track initiation fence again. This is likely to prevent two minutes of track time

on a high speed target,

Even more than the split-frame, the use of a fence/bowl concept is more
suited to L.-Band than UHF. A minimum of about 110 nmi of range gates must
be searched per azimuth beam position for an L-Band fence/bowl as opposed
to 360 nmi for a fully instrumented single frame scan. This can be accomplished
with one receiver channel at a frame time of 6.8 seconds or two receivers at
a frame rate of 3. 6 seconds. The difference at UHF is about 60 nmi in range
gates for a fence/bowl as opposed to 120 nmi for a fully instrumented, two beam,

configuration.

The primary disadvantage of the fence/bowl is the absence of full volume
search. A part from the frame time increase suffered if a single receiver
concept is used the lack of a full range 'bowl' on the low beam will prevent the
maintenance helicopter from being acquired on departure from the visited site
until the 30 nmi fence is reached. This may be undesirable for safety reasons
and may dictate that a 2 receiver fence/full range bowl is the minimum system
configuration acceptable. In this case the UHF fence/bowl would offer little
significant hardware advantage over a full volume single scan configuration at
UHF.
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2.2.2.2 Elevation Plane Focal Steps

The number of elevation plane focal steps determines the number of parallel
azimuth steering networks required. As it is desirable to minimize the number
of such networks from cost and power consumption considerations, it was
attempted to utilize one network for every pair of beams by focusing between them.
This turned out to be feasible; however a substantial focusing loss resulted

at high elevation angles particularly at L.-band.

The choice between the reduced performance at high elevation angles with
the decreased cost and higher performance/higher cost system must again be

determined by overall mission detection requirements.

This appears to be more of an issue at L.-band as the cost difference
between 6 and 3 networks is considerable. At UHF, the choice is between ] or
2 focal plane network and the overall system cost impact is reduced accordingly.

2.2.2.3 Transmitter Pulse Length

This parameter is one of the most potentially significant differences
between UHF and L-band. The maximum puisewidth to meet range resolution
requirements is 6 microseconds. This pulsewidth will minimize the signal
processor hardware complement. However, on the assumption that range
average CFAR is used to suppress extended clutter (weather), a compromise is
required between the number of samples in the range window and the CFAR
detection loss. Eight range samples are a realistic minimum which in the case
of the 6 microsecond pulse, results in a composite threshold for CFAR from
radar returns approximately 4 nmi in extent., This threshold generating window
is not a good match to many weather cells which can be as small as 1 nmi in
extent and therefore can cause considerable loss of detection sensitivity
around the weather cell. A 1.5 microsecond transmitted pulse would minimize
loss of detection sensitivity but only at the expense of increase in signal proces
sor size, power requirements and failure rates. The pulsewidth is at issue only
for L-band since at UHF back scatter from weather is diminished to a point
where a 6 microsecond pulse will have minimal impact on loss of detection
sensitivity.
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Some portions of the DEWLINE are virtual deserts and intense storms
rarely occur. Other regions, particularly in Alaska, however, do experience
such storms and appropriate CFAR measures must be taken to prevent exces-

sive false reporting.

The issue of pulse length for operation at LL-band requires much more
detailed evaluation before any final conclusion can be drawn. ' The tests planned
by Lincoln Laboratory on the AN/FPS 20 radar will contribute valuable empirical
data in this regard.

2.2.2.4 Location of Transmit/Receive Solid-State Modules (TRSSM)

To minimize R.F. losses the TRSSM's should be mounted at each radiating
stack of the antenna, However, for a 44 ft diameter ring array there are 256
stacks at L.-band and 128 at UHF. This represents a major acquisition and repair
cost because of the number ihvolved. In order to minimize acquisition and
repair costs the number of TRSSM's should be reduced to that required to form
each instantaneous beam position. In this case 64 radiating stacks need energizing
at L-band and 32 at UHF.

This can be achieved by 'walking' 64 or 32 modules around the array control-
led by the azimuth steering switches. In this case the modules are located behind
the quadrant switch (Q switch). The disadvantage to this technique is that
increased power is required from each module because of switching and cable
insertion losses, At L-band this loss is about 3 dB and at UHF 1.5 dB., The
increased loss at L-band is largely due to the higher cable losses compared to
UHF. The increased prime power required to overcome these losses is con-

sidered a desirable trade-off in life-cycle-cost.

The peak power required for the L-band module located behind the Q switch
is 320 watts for a 1.5 microsecond pulse and 80 watts for a 6 microsecond pulse
while the 6 microsecond pulse at UHF requires 200 watts peak. The decision to
place the TRSSM either at the antenna or behind the Q switch depends exclusively
on the relative cost impact on the system. The effect on cost is not just the
acquisition costs of the modules but also includes additional spares and mainte-
nance costs if the module is more complex and thus less reliable. A higher
failure rate module would also require a higher level of redundancy in other
parts of the system to meet a specified survival time with a stated probability,

2-12
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2.2.2.5 Signal Processing Techniques

The clutter model provided in the statement of work requires spectral
filtering to preserve an acceptable level of false alarms. The general choice
lies between MTI and MTD. The distinction is that the MTI has a single bandpass
after clutter filtering while the MTD has banks of contiguous filters. The MTI
is obviously the simplest mechanism with resultant savings in number of com-
ponents, failure rate and cost. However, the MTI with non-coherent integration
has ~2 dB gain loss over 8 pulses compared to the coherently integrated MTD.
This statement assumes that frequency agility is still applied every 8 pulses
to reduce fluctuation loss,

It is desirable that coherent integration be used to minimize the system
prime power consumption for a given detection sensitivity providing the additional
hardware complexity does not produce excessive power consumption, failure

rates and cost.

This latter criteria depends on pulsewidth, and number of channels to be

processed.

L-band systems have the most demanding processing load due to the 6
beam configuration. Further, the lack of circular polarization from the antenna
makes processing of the upper beams highly desirable to provide a degree of
subweather visibility. Many of the L-band configurations particularly with 1.5
microsecond pulses will more than swamp the prime power reduction due to a
2 dB sensitivity improvement making MTD processing questionable with presently
available technology. However the UHF configuration with 6 microsecond
pulses and two channel (beam) processing permit the necessary reductions in
MTD hardware complement that make coherent processing highly desirable.
The only L-band configuration to permit the same MTD hardware complement
is the fence/bowl scan structure.




2.2.3 PRIMARY RADAR SYSTEM HARDWARE OPTIONS

Seventy two (72) system hardware configurations were derived from
the parameter options previously discussed, Table 2 summarizes the key

characteristics of each option. Although 72 system configurations were

identified it can be seen that major subsystem perturbations are few in number,

It was therefore decided to select one of the system configurations as a base-
line and perform a rigorous engineering design and production cost analysis.
The selection of this baseline was basically determined by the validity with
which extrapolations could be made to all 72 variants with minimum error.
The baseline selected was number 1 of Table 2. It should be stressed that
selection of this baseline was not based on any preferences for an ultimate
choice of system to satisfy a DEWLINE replacement. The baseline was a
study tool to bring focus and visibility to all possible system options.

2.3 COST/PERFORMANCE MODELING

The sequence of events used in the cost/performance trade-off analysis

is shown in Figure 4.

The baseline system was first engineered by a rigorous design process.
The output of this phase consisted of detailed bills-of-material (BOM) and
performance parameters. The design process was iterated with a reliability
analysis to ensure a maximum single thread reliability design and minimum
amount of additional hardware redundancy required for reliability purposes.
The radar design that evolved from the original driving influence of low power
consumption resulted in a highly parallel hardware configuration. As a result,
it became apparent that reliability considerations alone had very little impact
on the basic single thread design of the hardware. As can be seen from Table
3 a minimal amount of standby spares have been added to the baseline to meet
20,000 hours MTBF (90% probability of survival for 3 months). If the graceful
degradation characteristics of the baseline configurations are disregarded and
every part failure considered a system failure the radar would have a 272 hour
MTBF. It is therefore an interesting premise that a radar capable of =20, 000
hours MTBF must have a >50:1 ratio between the MTBF (system) and MTBF

(event).
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The cost analysis was keyed to an assumed sequence of events for the
program. Figure 5 illustrates the phages considered realistic to meeting

the program demands and the level of pricing commitment at each phase.

Also shown are the time relationships between the four phases for the
three design times (3, 6, and 12 months). A fixed development and contractor
factory test time has been assumed for all design times (3 years). The number
of prototypes and the duration of Arctic testing varies with the design time.
These parameters (number of prototypes, Arctic test time) have been chosen
to give an essentially equal confidence level in system reliability for the
three times. The confidence achieved with this level of testing is about 50

percent,

Figure 6 is a plot of test duration vs statistical confidence in the test
results for a 20, 000 hour MTBF radar. It can be seen that a single scorable sys-
tem failure will have dramatic impact in either confidence level or time-to-
decision. The issue of what constitutes a system failure will have greatest over-
all impact on the program of any unresolved risk area. One of the critical tasks
to be accomplished during the conceptual phase is to establish the reliability test
plan including detailed agreement with the Air Force as to test conditions,

failure modes and ground rules,

A life-cycle-cost model was developed for the overall program and the
preferred radar configurations resulting from a detailed performance analysis
subjected to a rigorous cost analysis. Table 4 is a summary of the performance

cost trade-offs for the preferred system configurations.

2.4 CONCLUSIONS

A family of unattended radars has been studied for application on the
DEWLINE. These radars were designed for operation at both UHF and L-band.
There is no one configuration that stands out as a recommended solution for the
DEWLINE application. This is particularly true in the case of small targets
(1 sq meter) at low altitudes (<500 ft), Selection of the operating frequency for
the DEW LINE will only be possible when a better definition of cumulative
detection including duration and number of continuous track periods for specific
targets are established. The latter issue will also determine the need for 360
degree azimuth coverage.
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Figure 6. Reliability Test Time vs Confidence Level

(90% PS/3 Months)

2-21

A ———

B e —




(sjeo8 spaadxXa) JUI[IOXT =

wel-yue = (/v

(sTeod sjaawi) pooD = O (syeod moraq) i1ed = § J00d - g

0or1ze 147! 2Ll 92 €2 98¢ 982 91¢ 1oL
L2 Ll 0?¢ 8¢ &4 4 9¢ €% S30
gsl SII 821 061 PLI €L 612 €22 juawys aAU]
L? | i 134 9¢ % > 8¥ oy o¥F UoneprieA |
€°0 S°0 S°0 S0 S°0 S0 S0 ©°D uoyernwaio idadsuo) w
({19S $) 350D
909 LE 69¢ €921 6L9 2p91 L68 L99 (M) *dwumsuo)d zamod
D I K 3 0 3, (& D WOd
d d d g K D D D dg o3 ymoan |
!
C C | d C I C | g J dvdao m
3 IC | C | C | K d d d switl *jTul il
C | c! I | a g C awt] awesJ ~.
9 2 B d d d E d ¥ 001 - 08 m
D >) 5] I E o D E§ I 08 - 3¥ 005 u. .
I g g D = o 5 5 33 005-0 - !
1AL Nvﬁ
d IC | L oF d d iC | IC | C | ¥ 001-0 |
H.U.H.sz W
sourwIOjIad
z 2 Z € € 9 9 € s}I0MIaN ZV “ON .
Z I Z 4 1 9 € € SI3AT929Y °"ON
9 9 9 S°1 9 S°1 9 9 yipmasmdg
(43 Z¢ (43 2¢ ¥9 9¢?¢ ¥9 96¢ INSSYL °"ON
a13urs 317ds a13uls adua g aduajg 918uls  rds  3ds adA1 ueds
AHN dAHN AHN ' "1 "I ] 3 L>uanbai g
(£/V) 6% 29 6% 6¢ 9¢ el 9 I :o:m.:,,mw:ou
sjjO-9pea] uoyeindyuod ‘§ 21qel
= .
™ .




The UHF variants of the radar family are less expensive than the nearest
L-band equivalent. For this reason UHF is very attractive, However UHF has

relatively few ECCM features and virtually no growth potential to 3D operation.

A design goal of 500 watts prime power for the radar/operation was
established at the study outset. This requirement became the driving influence
in the system design. In retrospect this prime power constraint was a good
influence in that the resulting radar configuration contained the features needed
for very high reliability, such as parallelism, and minimum parts count. Very
low power is considered fundamental to the ultimate realization of unattended
radar systems: An unattended radar cannot function without an unattended power
source, The lower the power demanded, the more viable the realization of a
highly reliable power source. Minimum power dissipation in the radar is con-
sistent with maximum reliability. The more internal heat generated by a com-
ponent the higher the failure rate. The actual goal of 500 watts may be achiev-
able at UHF but not L-band. It is considered more realistic to increase the
available prime for any operational system to at least 1000 watts. If L-band
configurations with 1, 5 microsecond transmit pulses are ultimately required

to satisfy mission requirements, 1500-2000 watts of prime power will be needed,

The IFF system for use with unattended radars is also shown to be readily
attainable with proven techniques. Because of a proposed mode of on-demand
IFF operation for Type A radars which requires IFF interrogations only for
rew or dropped tracks and the predicted low aircraft populations at DEW LINE
sites, a 30:1 improvement in equipment failure rates over continuous operation
has been conservatively estimated, greatly simplifying IFF reliability and power

consumption demands.

The nature of the IFF mission, the modularity and small physical size of
the equipment, coupled with a proposed near-dormancy operativnal mode, make

a highly reliable IFF system a much simpler proposition than the primary radar.

Technology is potentially available to build radars with MTBF's an order
of magnitude greater than that exhibited by present radar systems. Whether
radars with >20, 000 hours MTBF are practical or even necessary depends on

the commitments required of the manufacture for his emplaced equipment and
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a detailed understanding with the customer as to what constitutes a failure.

A sensitive balance is required between inherent hardware complement of the
radar particularly for redundancy purposes and the frequency with which repair
visits are required. More redundancy will permit extended periods of unattended
operation but will also require higher acquisition and repair costs. The cost-
effective realization of an operational system of unattended radars particularly
in a network of radars with overlapping coverage will depend to a large extent

on the data availability required and the downtime permissable at any radar.

The greatest unknown, and therefore risk identified in the study is the
acceptability of the reliability model assumptions. These assumptions in turn
impact the redundancy requirements and hence the cost and viability of radars

for extended periods of unattended operation.
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