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Summary

U.S. military operations in the 21st century rely heavily on receiving and
distributing information to and from the field of operation.  Immense amounts of
data must be collected, processed, and fused into knowledge via high-capacity
networks.  The required high capacity in a hostile environment introduces
significant challenges and conflicting requirements to the communications
network for a variety of reasons.

The research in this report focuses on combat systems operating at medium and
low altitudes, which pose different challenges from the challenges of intelligence,
surveillance, and reconnaissance (ISR) platforms operating at high altitudes:

• Medium- and low-altitude airborne platforms, such as fighters and bombers,
are closer to jammers and signals intelligence (SIGINT) receivers.  Hence, the
adversary systems may require less sensitivity to intercept those signals and
less power to jam them.

• The low observability of the platforms can potentially be compromised by
transmitting large amounts of data.

• During transmission of large amounts of data, platforms at lower altitudes
are at a higher risk of being detected.

To fully understand the issues and challenges, we considered two types of
threats: mobile jammers and SIGINT receivers able to detect and locate user
transmitters.  Such jammers and SIGINT receivers are hard to locate and engage.
(See p. 5.)

We first discuss data requirements and threats and examine the current
communications programs and shortfalls.  We then analyze a variety of options
in terms of frequencies, waveforms, and antenna types, and make suggestions
for improving the current communications program based on altitude, range,
data rate, and threat.  (See pp. 11–15.)

The following are some of the main findings:

• The Joint Tactical Information Distribution System (JTIDS) and the future
Joint Tactical Radio System (JTRS) do not have the required capacity to
support a high-data-rate connectivity requirement.  (See p. 6.)
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• Common Data Link (CDL) family programs can provide a sufficient data rate
for the fighter/bomber with Advanced Synthetic Aperture Radar
System—Improved Program (AIP) capability.  However, these systems need
further improvement to survive a more severe threat environment.  (See p.
21.)

• A near-term solution for improving jam resistance is the addition of nulling
capability to CDL families (including Multiple Platform Common Data Link,
MP-CDL).  However, although nulling techniques are effective for jammers,
they are not effective against SIGINT receivers that detect communications
emissions.  (See p. 22.)

• Agile, multibeam, low-sidelobe directional antennae are required to achieve
more protection against jamming and intercept receivers.  These techniques
increase the size and weight of the antenna.  (See p. 23.)

• The following communications options are effective against jamming and
SIGINT detection but are not appropriate for medium- and low-altitude
platforms. These options can be used for high-altitude platforms, such as ISR
platforms, communications nodes, and satellites:  (See pp. 21–29.)
— Absorption band (55–60 GHz) is a viable option for links above 55 km

(60 kft) because signals at absorption band get absorbed through the
atmosphere. Absorption band is inherently effective against ground

threats, but is not effective against airborne jammers and airborne

SIGINT receivers.
— Laser is the most robust option for links above 12 km (40 kft) because

laser beams get absorbed through clouds.
— Workarounds such as proliferated platforms, compression, alternative

concepts of operation, and system augmentation (e.g., airborne relays)
may be appropriate, but further analysis is needed to examine their
effectiveness. In particular, proliferated platforms with multiple beams
may form a more robust, reliable network.

In summary, there is no one solution for all situations and platforms. A
combination of options will be needed for a reliable and robust communications
link; these options may change depending on altitude, range, data rate, and
threat.  (See pp. 33–35.)

Thus, communications does not appear to be a major limiting factor, at least not
technically, in developing future ISR forces.  However, programmatic action will
be required to develop the necessary systems, and the costs could be significant.
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The communications problems posed by future ISR forces appear to be solvable,
but at a cost.

The development of new systems, together with required platform modifications
and new designs, raise technology and cost issues that are not addressed here
but that need to be carefully examined.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




