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STUDENT HANDOUT
UHF SATELLITE COMMUNICATIONS

LEARNING OBJECTIVES:
1.  TERMINAL LEARNING OBJECTIVES:  Provided a mission, concept of operations and references, and commander's  guidance, design  a satellite radio system which will support the concept of operations per the commander's guidance and references.  (2591.5.3)

2.  ENABLING LEARNING OBJECTIVES:  The Senior Course Training Section (SCTS) has received permission to omit published ELO's from its student handouts.  SCTS will continue to follow the ISS process in that the Program of Instruction (POI) will be used to determine training requirements, and that all tests administered will follow the ELO's contained within the appropriate POI.  All material within the lesson will continue to support the POI and ITS's.

BODY:                                                                                                  
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 INTRODUCTION TO THE SPACE AND SATELLITE ENVIRONMENT

Space is an unlimited three-dimensional medium.  Space is the Marine Corp's "high ground."  Historically, whoever held and used the high ground had a significant advantage over his adversaries.  The use of space offers the USMC enhanced capabilities on the battlefield and provides communications, position/navigation data, early warning, weather, environmental monitoring, surveillance, and targeting capabilities.  Marines today are using space products, sometimes without even being aware of it. The effective use of space systems and products is critical to successful Marine Corp global operations.


There is nothing mystical about satellites.  Aside from its associated high-tech design, scientific documentation, and costly launch vehicle, a communications satellite is basically just a microwave radio relay station placed on very high "hill".  Communications satellites provide a tremendous range extension advantage for the Marine Corps.  Satellite terminal users within a very large area of the earth covered by a satellite's antenna can communicate with each other directly.  A single satellite can link together sites that are far beyond the range of a single terrestrial line-of-sight radio link.  Satellites allow the global relaying of important information in a variety of ways, either to a single user or broadcast to many users simultaneously.


Accurate weather data is often obtainable only from satellite systems.  Placing a long distance telephone call often involves a satellite transmission.  Maps are routinely updated using data acquired by satellites.  The Marine Corp uses satellite communications primarily for voice and data, but the use of  satcom is rapidly developing in other application areas to satisfy broadly ranging needs.  Imagery, video teleconferencing, and global broadcast are examples of those needs.


Terrestrial communications systems, even those involving fiber optic cables, cannot duplicate certain functions for which satellites are ideally suited.  Mobility and flexibility on the battlefield, and broadcast capability to deployed units in a theater are unique satellite capabilities which cannot be equaled by fiber optic cable.  The integration of satellite and terrestrial networks permits maximum communications flexibility for the warfighter.



a.  SPACE ENVIRONMENT

The earth's atmosphere limits the lowest altitude at which a satellite can be placed into orbit.  Satellites launched from earth must pass through the atmosphere in order to attain the proper orbit.  The lowest altitude for a satellite in circular orbit is about 93 miles, but without propulsion, the satellite would quickly lose speed and fall back to earth.


The earth's atmosphere is divided into five regions:  troposphere, stratosphere, mesosphere, thermosphere, and exosphere.  The lines between these regions are not distinct, blending into each other so fluctuations occur in size  depending on the time of the day, seasons, and solar activity.  A brief description of each region is below:



(1)  Troposphere:  Almost all weather and clouds occur here at the lowest

region of the atmosphere.  Starting at the surface of the earth, the troposphere extends up to the tropopause, the upper boundary of the troposphere.  Above two miles, a person requires supplemental oxygen or a pressurized environment.  The tropopause varies in thickness from 9 to 12 miles at the equator to about six miles in the polar areas.



(2)  Stratosphere:  This region extends from the tropopause to the 

stratopause, the upper boundary, at about 30 to 33 miles altitude.  Airflow in the stratosphere is mostly horizontal.  This region is characterized by the near absence of water vapor and clouds.



(3)  Mesosphere:  The mesosphere extends from the stratopause at the     lower boundary to the mesopause, the upper boundary at about 50 miles altitude.  The mesopause is where the minimum temperature is reached, approximately 130 degrees below zero Fahrenheit.  Above 30 miles altitude there is not enough atmosphere for even a high altitude jet to operate.  Above this altitude, both fuel and oxidizer must  be carried for a rocket engine to provide thrust.



(4)  Thermosphere:  The thermosphere extends from an altitude of 50

miles to between 200 and 375 miles.  The temperature increases with altitude from about 30 degrees below zero Fahrenheit to the thermopause where the maximum temperature occurs at 2960 degrees Fahrenheit.  An altitude at which a satellite in a circular orbit can orbit the earth for at least one revolution without propulsion.  At this altitude, it takes 89 minutes to complete one revolution of the earth.



(5)  Exosphere:  The exosphere begins where the thermosphere ends and

extends out into space.  The density of atoms and molecules that make up the atmospheric gases in this region is so low that all atmospheric particles which surround the earth at an altitude of 1000 miles could be contained in one cubic centimeter at sea level.  However, even at this level, satellites orbiting in the exosphere are slowed by atmospheric drag caused by friction from collisions with individual particles.



b.  SATELLITES
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Virtually everyone in the Marine Corp today, either directly or indirectly, uses satellites.  Satellites are so extensively embedded in today's global technology culture that it is difficult to find someone not affected by them.  However, the impact of satellites is not intuitively obvious to the average person.  Why?  For one thing, satellites are not visible.  A marine making a phone call does not think about the path his call takes to get to the distant end, nor does he particularly care as long as the call gets through.  Secondly, the cost of operating a satellite is spread over many customers so no one seems to have any claim or responsibility over it.  And finally, the design, launch and operation of a satellite is well beyond the means and knowledge of all but the largest and most well financed institutions and governmental agencies.  The fact remains that in order to support the warfighter in peace or war, satellites must used and understood to take fullest advantage of their unique capabilities.




(1)  What Does a Satellite Do?  Most communications satellites carry 

active microwave repeaters, or transponders.  The satellite receives signals from an earth transmitter, amplifies them, translates them to another frequency, and then retransmits the signals back down to one or more earth stations.  The signal transmitted by a ground terminal is 

degraded by the signal's long distance path through the atmosphere on its way up to the satellite.  Amplification onboard the satellite ensures that the received signal is restored so an accurate signal with sufficient strength will be relayed back down to the earth.  The signal returning to earth will lose a lot of signal strength.  Equipment in the ground station amplifies the weak signal received from the satellite, processes it, and provides a signal that is sufficiently clear to the recipient.




Why Use Satellites For Communications?





(1)  Economical Long Distance Communications-  The cost of                                                             transmitting information between two users via satellite is                                                                essentially the same despite the distance.





(2)  Broadcast Capability-  Satellites can be used as broadcast                                                             transmitters relaying signals from one transmitting earth station                                                       to multiple receiving stations within the coverage area. 





(3)  Wideband Capability-  Satellites are usually wideband devices                                                      that can transmit large amounts of information within a given                                                           amount of time. 





(4)  Broad Coverage-  Technically, a satellite can serve any 


                                                    suitably equipped ground station within its "footprint" or the                                                             area of the earth within view of the satellite's antenna.  A                                                                satellite can provide the same type of service to cities or to                                                               rural areas.  Transmission from a satellite to a broad area of                                                            the earth's surface  not constrained by natural or manmade                                                              barriers such as mountains, oceans, or cities.  There may be,                                                            however, some locales within the broad coverage area where 




       a ground terminal antenna cannot get an unobstructed view of

                                                     the satellite because of the proximity of mountains or                                                                      buildings. This can be more of a problem near the fringes of the                                                       broad coverage area where the satellite will appear closer to                                                             the horizon.





(5)  New Services-  The unique capabilities of satellites are rapidly

                                                    giving rise to new communications concepts.  Warfighters will 




       have a greater variety of information at their disposal in                                                                different forms such as voice, data, video, and imagery.                                                                   Commanders will be able to conveniently select from rich                                                               variety of satellite-relayed information and services to aid in                                                            their decision making processes and to accomplish their                                                                   missions.



c.  SATELLITE ORBITS
An orbit is a path along which a satellite moves far above surface of the earth.  All earth satellites orbit around a point at the center of the earth.  Orbits can be defined in categories,  depending on altitude, eccentricity, inclination, and synchronization with the sun or other parameters.
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(1)  Low Earth Orbit (LEO):  A satellite in a low earth orbit is generally considered to have an apogee of no more than approximately 530 miles.  Most low earth orbits are nearly circular.  LEO satellites travel very fast and need to use frequent propulsion to keep them at the proper altitude.  LEO satellites tend to be slowed down by the thin atmosphere that remains at LEO altitudes.  Without propulsion, the life span of a LEO satellite is about one year.  The earliest communications satellites used LEO's, mainly because of limited launching capability.  Today, LEO's are still used because they have some very attractive features.  They have the advantage that they pass relatively close to areas on the earth.  As payloads onboard LEO satellites, earth imaging systems get higher resolution because of lower altitude, and radio systems require less transmitter power because of the shorter signal path to earth.  Shorter signal path also mean smaller signal delays, which can lend advantage for the responsiveness of services such as cellular telephone or two-way interactive paging systems.  The use of such mobile services in urban areas is further enhanced by LEO satellites' appearing higher in the sky such that tall structures are less of an obstruction to small terminals that communicate directly via the satellite.  LEO systems are commonly used for observation, environmental monitoring, small communications satellites, and scientific payloads.  A disadvantage of LEO is that the satellite is in view within any given portion of its ground trace for only a short period of time before it passes quickly out of view.  Satellites in LEO do not provide continuous coverage for a specific location on earth.  NASA's Space Shuttle travels in low earth orbit.



(2)  Molniya Orbit:  A high elliptical type of orbit first used by Russia is called a Molniya orbit.  A satellite in such an orbit is semi- synchronous, spending about six to eight hours of every 24 hours over a particular region of the earth.  This is ideal for communications satellites used to provide coverage in the extreme northern latitudes where access to geostationary satellites can be difficult.  There are systems of other satellites in Molniya orbits in which ground systems switch among three or four such satellites in order to receive continuous coverage.



(3)  Geosynchronous Orbit:  In a geosynchronous orbit, a satellite's motion is synchronized with an area of the earth below it and centered on the equator.  The satellite completes an orbit in the same 24-hour period as the earth's rotation.  From the earth, such a satellite appears to stationary in the sky.  A satellite with this orbit is considered to be  in a high altitude orbit at approximately 13,000 to 23,000  miles above the surface of the earth.  A geosynchronous orbit is said to be inclined when the plane of the satellite's orbit is at an angle to the plane of the earth's equator.  For inclinations other than zero degrees, a geosynchronous satellites ground trace will be a figure eight straddling the equator.  Satellites in geosynchronous orbit include communications, weather, and surveillance/warning satellites.



(4)  Geostationary Orbit:  This type of orbit is named the "Clarke Orbit" after the visionary science fiction writer Arthur C. Clarke who, in 1945, first described its use for orbiting communication stations.  The geostationary orbit is a special type of geosynchronous orbit.  This orbit is at 22,300 miles from the surface of the earth.  The satellites in this orbit are positioned very close together and the orbit inclination is near zero.  The orbit  is as circular as possible, therefore eccentricity is near zero.  The geostationary orbit has become the world's standard for most communications satellites with hundreds of satellites following each other.  This orbit is highly controlled to prevent overcrowding of the orbit, space debris, and unauthorized use of resources.



(5)  Polar Orbit:  A polar orbit is any orbit which has an inclination of or very close to 90 degrees.  A satellite in a polar orbit passes over (or very close to ) the north and south poles on every pass.   



d.  ORBITAL PARKING


A satellite launched into geostationary orbit is said to be "parked" into a preassigned slot.  This is similar to parking cars in a parking lot.  Some parking slots are better than others and the best slots fill up first.  Satellites can be positioned into slots where they can cover the most area for specific types of communications.



Skill and precision are needed to maneuver a satellite into its parking slot and then keep it there.  The controller on the ground must constantly monitor the satellite once it is in position to ensure it does not wander to far away from its assigned position.  A geostationary parking slot is designated by the line of longitude over which it is positioned at the equator.  A geostationary satellite cannot be allowed to shift position from its parking slot by more than about 1/10th of one degree of orbital arc.  This is to ensure that satellites do not interfere with each others signals.  Satellite parking slots are assigned by domestic and international agencies giving full consideration to frequency band, power levels, and coverage areas in order to minimize interference with other satellites.



An important point to remember with orbital parking slots is that in geosynchronous orbit, there is only room for a finite number of satellites.  Technology cannot increase the capacity of the orbit to accept new satellites.  Packing in more satellites would only affect the efficiency of the orbit's use and the quality of communications it supports.



e.  SPACE SYSTEMS HAVE THREE DISTINCT SEGMENTS
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a.  Satellite Systems are not just launched and then left to perform their missions.  They are complex pieces of equipment which cost millions of dollars to design and launch.  To keep a satellite functioning over its expected life span requires constant attention through a complex network of equipment and people.


(1)  Space Segment:  There are two parts to the space segment:  the satellite platform (the basic frame of the satellite) and the payload.  The payload's functions and capabilities are the reasons a satellite is placed in orbit.  The payload provides space-based capabilities to the users and distinguishes one type of satellite from another.


(2)  Control Segment:  The satellite communication system requires a means of controlling satellite (s) in orbit that will be used by the earth stations.  The control subsystem  provides this function with terminal operation and control equipment.  Only earth terminals designated as a control facility will contain this equipment and are normally operated by network controller.  The control segment is responsible for the operation of the overall system which includes platform control, payload control, and network control.  The control segment consists of ground satellite control facilities and systems on the satellite.



(3)  Ground Terminal Segment:  This segment is comprised of the actual equipment on the ground that receives and transmits signals to the satellite.  Ground terminals can range from a handheld or manpackable terminal to a fixed or mobile shelter containing the equipment.  A ground terminal normally communicates with only one satellite at one time, but it has the capability to change from one satellite to another as required.  The Earth segment of a satellite system can be divided into two functional groups;  the Subscriber or User and the Satellite Earth Terminal.
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f.  ANTENNAS
Antennas are essential components of a satellite system.  They are located aboard the satellites and as part of the ground equipment suites.  The signal transmitted from a ground terminal antenna up to a satellite is called an uplink, and the transmission from a satellite to a ground terminal antenna is called a downlink.  The frequencies of the uplink and downlink are never the same.  The uplink frequency is normally higher.  The reason for this, it is easier to generate radio frequency power on the ground rather than aboard the satellite where weight and power are limited.  For a large dish reflector antenna on the ground, using the higher frequency (which has shorter wavelength) for the uplink will maximize the signal power that is transmitted to the satellite.  This is important because the satellite, in comparison, will be more disadvantaged in its ability to strongly receive and transmit signals.  Again, the larger ground antenna will have the advantage to more strongly collect the weaker, lower frequency downlink signals transmitted by the satellite.



Ground antennas come in different sizes and shapes and are designed to be used for a specific purpose.  For example, an omni-directional whip antenna is most commonly used as a " receive only "  antenna.  An GPS receiver is a good example of this.  A whip antenna is not normally used for uplink transmission from a two-way satellite communications terminal because it cannot direct enough concentrated signal power toward a satellite to provide a useful link.  The most common type of SATCOM ground antenna, the parabolic antenna, is shaped like a dish or bowl which focuses the radio waves it collects into the opening of a microwave waveguide.  



Satellite antennas have two basic missions.  One is to receive and transmit communications signals to support users on the ground.  The other very important mission is to communicate telemetry, tracking, and control (TT&C) signals by which ground control systems and their operators ensure the satellites are properly maintained in orbit. The antennas onboard  transmit and receive signals to and from earth.  Satellites have essentially the same equipment as the ground stations to receive, process, and transmit signals.  The antennas on the satellites used for communications services are the largest and most complex while the TT&C antennas are usually horn-shaped and smaller.  A satellite antenna can be designed and shaped to focus and concentrate a signal into a desired geographical area (its " footprint ").  An important characteristic of a satellite communications antenna is its gain.  The gain of an antenna is a measure of its ability to concentrate energy being beamed to or from the satellite.  Higher gain contributes significantly to enhanced communication capacity and performance. 



g.  COVERAGE AREAS


Coverage refers to that portion of the earth's surface over which SATCOM services are provided.  Global coverage is defined as that coverage of all longitudes and latitudes and geographic regions.  There are five primary overlapping geographical regions:


 CONUS






ATLANTIC

 INDIAN OCEAN


 PACIFIC





NORTH POLAR REGIONS



A sixth region, the South Polar Region has had no requirements to date but it may receive increased emphasis as new requirements emerge for that part of the world.
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h.  FOOTPRINTS


The area of coverage on the earth's surface that is effectively irradiated by a satellite's antenna is called its " footprint."  This footprint is also the earth coverage area from which a satellite's antenna can effectively collect signals transmitted to it.  Theoretically, like the beam from a flashlight, a footprint should be circular.  However, the earth's terrain is uneven, the thickness of the atmosphere changes, and different satellite antennas may have differently shaped beam patterns.  The footprint, in reality, usually has an irregularly shaped beam pattern with signal intensity strongest in the central parts of the projected ground coverage pattern and tapering off towards the edges of the pattern.  



Signals transmitted from a satellite can be unevenly distributed.  It is impractical to build a satellite whose antenna coverage area is large and whose signal strength is entirely uniform across the footprint.  The cost would be enormous.  Instead, ground terminals have larger dish antennas to catch more of the signal the farther away they are from the center of the satellite footprint.



Special antennas onboard the satellite can project " spot beams " to more efficiently direct concentrated signals to specific locations.  For instance, spot beams may be pointed to cover Hawaii and Puerto Rico, so that power is not wasted covering the oceans that separate them from the mainland.  Some satellites use motor-driven antennas that can steer spot beams towards specific areas on the earth upon demand.  "Steerable beam antenna," which can shift a satellite's coverage area, are particularly suitable for supporting the warfighter since changing missions demand flexibility in SATCOM coverage.  MILSTAR satellites have this capability.


i.  SATELLITE MULTIPLE ACCESS METHODS


 For economic and technical reasons, a separate satellite or satellite transponder must be made available for each pair of earth terminals that require a communication link.  In most communications systems, several terminals must use the same transponder.  The transponder must be able to receive, translate, amplify , and transmit signals from several earth terminals through the satellite is referred to as multiple access.  A military or commercial communications channel can potentially be used by numerous earth terminals within its coverage area.  Various multiple access control techniques have been developed to enable many earth terminals to share the capacity of a single satellite communications channel.



1.  Frequency Division Multiple Access  (FDMA)
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FDMA has been the most frequently used technique primarily because it is the simplest to implement.  With FDMA, each earth terminal accessing a satellite merely transmits on a different frequency.  The available bandwidth is subdivided into smaller frequency bands, or subchannels, in which each subchannel is assigned to a specific user.
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2.  Time Division Multiple Access (TDMA)
The first attempt at using the transponders more efficiently was in the form of a TDMA scheme.  TDMA is still in use.  In this scheme, each ground terminal is allocated a "block" or "slot" of time in which to transmit a message.  A message can be transmitted only during the terminal's assigned time slot.  If the terminal does not have a message to transmit, its time slot is wasted.  The TDMA method is inefficient.  TDMA becomes even more inefficient as the number of terminals grow.  TDMA schemes controlled by multiplexers have been developed to shorten the time slots.  As time slots shrink, more control is needed.  The number of communications have increased; however, the limit of control/time slots has been reached.

At present, channels are assigned over a specific period of time (i. e. , days, weeks, or months).  Some user missions do not require constant use of a satellite channel (e.g., Special Operations Forces); however, they have a high priority access to satellite channels and can pre-empt other users for an indefinite period of time.  In view of the above, it was determined that a better control method (protocol) was needed.  Demand Assigned Multiple Access (DAMA) was created.   
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3. Demand Assigned Multiple Access Subsystem  (DAMA)
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As tactical satellite requirements have increased, UHF satellite capacity has been quickly saturated.  The available frequencies to support UHF SATCOM are limited and only the efficient use of those frequencies can satisfy the increasing demands of the warfighter.  Demand Assigned Multiple Access (DAMA), a method of gaining efficiency in the use of UHF SATCOM channels, is automated channel sharing.  "Demand based assignment" means that unused transponder space can be dynamically reallocated real-time on the basis of precedence.  These channels can be assigned on demand, hence the term Demand Assigned.  Many users who are capable may, at any one time, be actively accessing these channels, so the system is said to provide "Multiple Access."  DAMA allows multiple users to access simultaneously the UHF SATCOM pool of channel resources on demand.  DAMA improves the efficiency of satellite resources by ensuring that channels are not wastefully idle when nets assigned to the channels are not communicating.  

                   WITHOUT  DAMA,  INFORMATION THROUGHPUT IS LIMITED
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In UHF SATCOM DAMA, there are two distinctly different DAMA waveforms used, called the 25 kHz waveform and the 5 kHz waveform.  Each has its own advantages and disadvantages. 

5  KHZ DAMA

Was designed primarily for data communications.  Each frame is 8.96 seconds long and is subdivided into slots.  Each slot contains bits of information necessary to make communications work efficiently.  The 5 kHz frame consists of three segments:  Forward Orderwire (FOW), the Return Orderwire (ROW), and the Communications (COM).

Forward Orderwire (FOW)-  is always located at the beginning of the frame and provides the means for the central controller to communicate with the earth terminals in the network.  The FOW consists of one variable-sized time slot and contains data bits used by the earth terminals in the DAMA network to attain network synchronization.  The controller can transmit responses to user requests and direct action to the user earth terminals via the FOW.

Return Orderwire (ROW)-  segment follows the FOW and is composed of a variable number of time slots so the length of this segment can vary also.  These time slots permit the earth terminals in the network to communicate with the central controller.  Time slots within the ROW are used for:  




Contention Ranging- Ranging is used to determine actual terminal                                               distance to the satellite transponder to ensure proper transmission burst                                           timing.




Contention Message-  This time slot is used to transmit initial service                                            requests to the central controller.




Assigned Ranging-  This time slot is assigned by the central controller to                                     each terminal to perform ranging .  This is based upon requests received by                                    the central controller.




Assigned Message-   These time slots are assigned to specific terminals to                                   respond to central controller directions. For example, if the controller                                             requests a status report, the FOW transmitting the request to the terminal                                      would also include designation of the time slot to be used by the terminal for                                    responding to the request via the ROW.

Communications (COM)-  This segment consists of time slots that vary by number and length.  These time slots are all assigned by the central controller based on user service requests.  They are the time slots that are used by the earth terminals to pass information between terminals.  At best, only one 2400 bps voice circuit can be provided in each frame.


Operation of 5 kHz DAMA- operates in the Automatic Control (AC) mode.  In the AC mode, user terminal access to waveform communications time slots is controlled through the central controller passing controller orderwire messages.  These messages are regular, frequent transmissions that are made by the central controller station that keep its presently identified users synchronized and allow new users to enter the network.

25 KHZ DAMA


The 25 kHz waveform is organized as a repetitive frame with a length of 1.3866 seconds.  Unlike the 5 kHz waveform, the segments of the frame are fixed.  Within each of the segments, the time slots are also fixed.  

Channel Control Orderwire (CCOW)-  The CCOW contains information required for controlling the waveform.

User Segments A, B, and C-  The segments are used for user-to-user traffic,  The segments have 16 different fixed formats in which they can operate.  The CCOW designates the proper format.  The time slots within the segments are assigned by the central controller based upon service requests via the orderwire.  Segment A can support data rates between 75 and 1200 bps, Segment B supports data rates between 75 bps and 16kbps, and Segment C supports data rates between 75 bps and 2400 bps.  

The important thing to remember about the 25 kHz frame is that all slots are predefined and stored in the terminals.  When the controller station tells a user terminal to talk on a specific time slot, the slot always occurs at the same time relative to the frame start time.

Range-  This segment of the frame is designated for terminals to perform their ranging operations.

Return Channel Control Orderwire (RCCOW)-  The FCCOW slot provides time for user terminals to send information to the controller station, including requests for access to the waveform.

Operation of 25 kHz DAMA-  25 kHz DAMA can operate in the AC mode as does the 5 kHz DAMA.  Additionally, it can operate in a mode known as Distributed Control (DC).  This operating mode is used when it is not possible to operate the 25 kHz DAMA network in the AC mode.  In the DC mode, access to waveform communication time slots is prearranged.  The DAMA waveform structure is known to the terminal operators and the slots are preassigned for specific purposes.  The slots connections are performed on a predetermined basis rather than a demand assigned basis.

COMPARISON OF THE 5 KHZ AND 25 KHZ WAVEFORMS
The two DAMA waveforms both have frames, orderwires, and communications segments but they are very different in their implementation.

Frame Length-  The 9-second length of the 5 kHz waveform is the cause of delays in voice communications.  Since the request for service from a user terminal must come over the orderwire, each communication between the user terminal and the controller station takes 9 seconds.  For two-way communications, at best case, it would take 18 seconds from the time a question is asked until receipt of the answer at the other end.  This is very difficult for interactive conversation.  On the other hand, the 25 kHz waveform has a 1.4-second frame length and can set up a call request with an interactive voice delay of only 2.8 seconds.  

Frame Structure-  The 5 kHz frame varies in its size and the 25 kHz frame is fixed.  The 5 kHz frame was purposely designed to vary in order to adapt to changes in data communications traffic demands on a frame-by-frame basis.  The orderwire segments vary and they set the timing of the communications segment in the frame.  Therefore, the user terminal must always receive the orderwire to know when to transmit the data in the subsequent communications segment.  

That data would be sent in different time periods based on the instructions contained in the FOW is entirely possible and probable.  With the 5 kHz waveform, if a FOW is missed, then the terminal is unable to communicate for an entire frame (9 seconds).  Because the FOW must be received in order for communications to occur, the communications part of the frame cannot be switched to another frame and then switched back.  It must be transmitted in its assigned slot.

The 25 kHz waveform has fixed formats that are set for stable periods of time.  The user terminal receives a time slot assignment and maintains that slot until the call is terminated.  Although the terminal listens to the orderwire, it can still communicate in the assigned time slot, even if an orderwire message was not received.

Orderwires-  The orderwire messages of the 5 kHz waveform are lengthy and have a variety of contents.  The 25 kHz waveform orderwire messages are fixed and short.  The elaborate structure of the 5 kHz orderwire provides a greater number of service features, especially for data transmission, but this requires a great deal of overhead which forces the frame to become longer.

The 25 kHz waveform offers basic circuit service with fixed formats stored in the terminal memory so that it can transmit its traffic in the correct slot without being concerned about what all the other channels are doing.  The fixed format also allows the terminal to listen and transmit at the correct times even if the previous orderwire was missed.

THE DAMA CONTROL SYSTEM

DAMA CONTROL STATION

[image: image12.wmf]The DAMA Control Station is a fixed physical site, located at the Naval Computer and Telecommunications Area Master Station (NCTAMS).  It houses equipment that performs the functions of resource and channel controllers, and shared equipment such as a printer, power supply, and other ancillary equipment.  The DAMA control stations act as relays, providing worldwide control of the network and worldwide routing of user traffic through the control of a channel on each of the satellites.  Four DAMA Control Stations will be required for worldwide coverage and when completed, will provide 100 percent redundancy.  

Resource Controller-  The Resource Controller will maintain the Control Station Database that provides SATCOM assignments to users based on input from communications managers and user requests.  It will directly interface to communications managers through their Network Management Stations, allowing creation and maintenance of user networks.  It will also interface with Resource Controllers at other control stations to support worldwide networks and to maintain redundant capacity, should one station fail.

Channel Controller-  The Channel Controller will act as interface between the Resource Controller and the satellite channel.  It will provide timing and control information to user terminals, and will forward user access requests to the Resource Controller.  There will be a Channel Controller for each satellite channel.

Electronic Key Management System-  The Electronic Key Management System (EKMS) is used to create and distribute keys for the DAMA channel control information, known as the "orderwire."  For the user, the DAMA system will involve at least two types of COMSEC keys; orderwire and communications.  

An orderwire key will be necessary to use any DAMA channel.  All UHF SATCOM DAMA orderwire information is sensitive unclassified information.  Therefore, the orderwire must be encrypted before transmission.

Communication encryption is a DoD requirement for any user of SATCOM.  The communication key will be used to encrypt data or voice and will be specific to the user's requirement for security.  The orderwire key cannot be used to encrypt user traffic and the communication key cannot be used to access the DAMA channel.  The orderwire key will be the responsibility of the DAMA system manager.  User communication keys are the responsibility of the user and are distributed and managed in a manner similar to the COMSEC key management techniques already in place within the services.


DAMA networks are characterized by a high degree of centralized automatic control and reduces the communications time slots even further.  DAMA networks are characterized by the following:




1.  Ease of operation for the user because the controller provides efficient                                          use of limited satellite resources.




2.  The Primary Channel Controller (PCC) controls the access and time                                              slots.  The PCC can change frequencies, as necessary, to respond to the                                          user's changing requirements.




3.  A low capacity orderwire capability is needed for maintaining order                                              and processing user requests.




4.  The controllers can provide multiple-hop (global) communications,                                              thereby relieving the requirement for retransmission sites.




5.  The controllers are equipped with auto-back-up for continuous                                                      operations.


A simplified sequence of events for DAMA communications is as follows:

  STEP 1.  Terminal 1 in standby

  STEP 2.  Terminal 2 in standby

  STEP 3.  Controller in receive

  STEP 4.  Terminal 1 begins communications process.

  STEP 5.  Terminal 1 call Controller and requests time and channel to communicate with                              Terminal 2.

  STEP 6.  Controller calls Terminal 2 and requests change from standby to receive.

  STEP 7.  Controller allocates time slot and frequencies (if needed).

  STEP 8.  Controller tells Terminal 1 to begins.

  STEP 9.  Terminal 1 communicates with Terminal 2

  STEP 10. Terminal 2 replies to Terminal 1.

  STEP 11. Terminal 1 informs Controller that communications is finished and that circuit is no                      longer needed.

  STEP 12   Controller tells Terminal 2 to return to standby.

  STEP 13.  Controller tells Terminal 1 to return to standby.

  STEP 14.  Controller returns to receive.



4.  Polling  (Poll Call and Round Robin)  
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A multiple access technique where total transponder bandwidth is made available to a user for the duration of time the user requires.  Upon transmission completion, channel access is passed to the next user on the polling list in a cyclic manner.



5.  Contention
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A family of multiple access techniques where users compete with each other for channel space by transmission when required.  If separate transmissions collide, the corrupted transmissions are re-attempted after a random delay.



j.  COMMON CHARACTERISTICS OF SATCOM REQUIREMENTS


Marines do not differentiate between the types of communications services he needs by dividing them between high capacity or low capacity, military or commercial.  He is concerned with fighting the battle and having the communications resources he needs when he needs them in order to accomplish that task.  The ensure that the operational commander will have the right information at his disposal, a common set of system characteristics are needed to support operations.  




(1)  Interoperability:  Satellite communications systems are a component of the overall global information infrastructure.  They must interoperate beyond the local theater of operations into the overall information net.  Through the use of teleports and gateways SATCOM can extend the range of information in order to support operations.  The procurement of common satellite ground terminals will aid in the effort for complete interoperability with other systems and services.




(2)  Global Coverage:   Services need the capability to access communications support from any location around the world including the polar regions.  Experience from past recent conflicts has shown that the likelihood of U.S. forces engaged in concurrent, multiple, regional conflicts is high.  Services rely on SATCOM systems to support continuous operations worldwide, and to accommodate, simultaneously, widely dispersed forces in various stages of employment, from training to combat.




(3)  Assured Access:  Services need assured access to SATCOM services to exercise positive command and control and to disseminate intelligence during all phases.  A commanders access to these services must, therefore, be available on demand for the duration of the mission.  Assured, real-time access to satellite communications capabilities allows the commanders to collect and disseminate intelligence and execute orders rapidly enough to operate before the enemy can react.




(4)  Flexibility:  The commander needs the ability to adjust supporting space and terrestrial-based communications capabilities to match the dynamics of the operational environment.  This requires flexibility in each segment of the SATCOM system.  Satellite repositioning, terminal mobility, frequency selection, and system resource allocation represent different options allowing the user and system manager flexibility in responding to rapidly changing operations, threats, and geographic needs.



k.  SUMMARY


Satellites are designed to operate reliably and dependably throughout their expected operational lifespans.  Satellites generally have a projected lifetime of about ten years.  New generation satellites being launched in 1997 can have estimated lifetimes of 12-15 years.  This is achieved through quality control and through testing of parts and subsystems before they are actually installed on a satellite and launched.  Often, redundancy of components are built into key parts of the satellite so that if one part fails, another can perform its functions.



Communications satellites are launched and maneuvered into their proper orbits by rockets.  Today the overwhelming percentage of communication satellites are maintained in geosynchronous orbit approximately 22,300 miles above the earth.  There are other satellites in other kinds of orbits that perform specific functions or cover areas of the earth in ways that cannot be done with geosynchronous satellites.



l.  IMPORTANT DEFINITIONS



(1)  Apogee:  The point in a satellite's orbit where it is farthest from earth and the velocity is slowest.



(2)  Perigee:  The point in a satellite's orbit where it is closest from earth and the velocity is fastest.



(3)  Period:  The time it takes for a satellite to make one complete orbit around the earth.  The period increases with the altitude of the orbit.  The minimum period for a sustainable orbit is 89 minutes.



(4)  Eccentricity:  The degree to which an orbit varies from being circular.  It describes the shape of the orbit.  The eccentricity of a satellite's orbit is usually a decimal number between zero and one.  If eccentricity is to close to zero, then the orbit is considered circular.  If the eccentricity is between .5 to .999, the orbit is highly elliptical.



(5)  Altitude:  The height of the satellite's orbit.  The altitude of the satellite determines the communications area and the shape of the ground trace.



(6)  Footprint:  The area on the surface of the earth that is within the field of view of the satellite's transmitters or sensors.



(7)  Nadir:  The point on the earth's surface directly below the satellite based on an imaginary line drawn through the satellite and the center of the earth.



(8)  Ground Trace:  The trace of a satellite's nadir on the surface of the earth as it orbits around the globe.



(9)  Inclination:  The angle a satellite's orbital plane makes with the equatorial plane.  May be any angle from zero to 180 degrees.  



(10)  Prograde:  An orbit with an inclination between zero and 90 degrees.



(11)  Retrograde:  An orbit with an inclination between 90 and 180 degrees.



(12)  Spot Beam:  A focused antenna pattern sent to a limited geographical area.



(13)  Earth Coverage Beam:  A large, widely dispersed antenna pattern that covers a large geographical area.



(14)  Steerable Beam:  A focused antenna pattern that can be moved ("steered") to areas depending upon mission needs.



(15)  Transponder:  A combination package of antennas, a receiver, frequency converter, and transmitter located aboard a satellite.  Communication satellites may typically have between 12 and 24 transponders.



(16)  EOL- End Of Life:  The estimated EOL of a geostationary satellite, for example, is when there is insufficient fuel remaining aboard the satellite to maintain it in its desired geosynchronous orbit 22,300 miles above the earth's equator.


1.  THE  NAVY UHF SATELLITE COMMUNICATIONS  SYSTEM

The Navy was utilizing four primary systems for UHF satellite communications, however, two of the systems have been deactivated and the third system is very close to reaching its service limitations.  Three Gapfiller satellites were produced in the 1970s, and launched in an effort to bridge the gap between the FLTSATs.  These satellites were decommissioned from service in December of 1996.  In 1977, congress directed the DoD to increase its use of leased commercial systems.  The result was LEASAT.  LEASATs were commercial satellites which are leased by the Navy and provided payloads similar to those on the FLTSATs.  LEASATs were situated close to the FLTSATCOM locations to provide additional capability and share the overall frequency plan.  Five LEASATs were originally launched and only one remained operational until it was deactivated in February 1997.  
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2.  FLTSATCOM  SATELLITE
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 The FLTSATCOM is a UHF/EHF military satellite communications system shared by the Navy, Air Force and Department of Defense.  It provides reliable, secure communications for ships and submarines at sea, aircraft, and military ground units throughout the world, however its primary purpose is for naval afloat communications.  FLTSATCOM provides instant worldwide communications between the National Command Authority (NCA) and CINC's. The FLTSATCOM has four primary and a number of spare satellites in geosynchronous orbit.  The system provides worldwide UHF communications service.  

Each FLTSATCOM satellite have the capability to relay communications on 23 separate UHF channels.  There are 25-kHz channels, twelve 5-kHz channels, and one 500-kHz channel for each satellite,  The ten 25-kHz channels have been  dedicated for use by the Navy.  Five operational FLTSATCOM satellites in near-equatorial orbit.  The FLTSATCOM satellites are not capable of Non-DAMA operation.


The 25-kHz UHF down-link channels have a separate transmitter for each channel.  Channel one, used in primary mode for Fleet Broadcast transmissions , incorporates signal processing within the satellite; the SHF up-link RF signal is translated to UHF for down-link transmission.


The AN/TSC-96 van is the primary piece of equipment that the Marine Corps uses with FLTSAT satellites.  This is due to FLTSAT being used for message transmission purposes, AN/TSC-96 is the ground message processing terminal.  The PSC-5 could also be used with FLTSAT, but for voice instead of message processing. 


3.  UHF FOLLOW - ON PROGRAM
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UHF FOLLOW-ON (UFO)   
 The requirements for UHF satellite capacity have outgrown the availability of channel capacity.  This is as a result of more terminals being purchased by all services than were originally programmed for and the loss of some older satellites over the last two years.  In order to attempt to correct this situation, the U.S. Navy plans to deploy a new constellation of UHF satellites to eventually replace the existing Fleet Satellite Communications (FLTSATCOM) network of FLTSATs and LEASATs.  The current plan is to launch ten satellites, with an operational fleet of eight, and one or two in a standby reserve role.


Each UFO satellite will provide 18 channels of 25 kHz and 21 channels of 5 kHz to provide secure voice and teletype service.  There are no wideband channels.  Because of the frequency conflicts, all of the UFO's 25 kHz narrowband channels cannot be used until the entire constellation is in place.  At that time, there will be an overall gain in channels available.  


The initial launch was programmed for 1992, but was delayed until 1993; it was lost due to the rocket failing to reach orbit.  In January 1994, the first successful launch was made of a UHF Follow -On (UFO) satellite.


While the UFO satellites represent a significant improvement to the current fleet of FLTSATCOM spacecraft, they will remain largely compatible with existing UHF satellite single channel terminals and Navy Demand Multiple Access (DAMA) systems.  


 Each UFO satellite will have the capability to support 21 narrowband channels, and 17 wideband relay channels, plus one fleet broadcast channel.  The system will employ DAMA time division multiplexing techniques to allot capacity to more users;  this is accomplished more efficiently with narrowband channels than with one wideband channel..  Satellites one through ten each will have one anti-jam broadcast with an SHF uplink.


Satellites four through nine will be upgraded even further to include an EHF package.  Each EHF package will include three EHF broadcast downlinks and an EHF telemetry, tracking, and command link.  The three broadcast and seven communications channel uplinks will be capable of downlinking in any of three modes:  EHF, UHF, or a combination. 


Like the FLTSATCOM system, UFO will operate in four pairs over the continental U.S. and the Atlantic, Pacific, and Indian Oceans.  The total channel capacity will be divided between  the two operational satellites in each area to preclude catastrophic communications outages.  


The UFO is managed by the Naval Space Command and, when fully fielded, will serve the same user community as FLTSATCOM.  The expected lifespan of the UFO satellites is anticipated to be ten years.


4.  NAVY COMMUNICATIONS ORGANIZATIONS


The Naval Computer and Telecommunications Command is charged with the administrative and technical oversight of the Navy's shore-based naval telecommunications facilities-- Naval Computer and Telecommunications Area Master Stations (NCTAMS), Naval Computer and Telecommunications (NCTS), and other computer and telecommunications shore sites.  The NCTC has administrative command of all shore-based telecommunications facilities worldwide, oversees the operations of the naval portion of the DCS.  A NCTAMS is the transmission and switching hub for routing all fleet originated traffic into the DCS and for distributing DCS and internal Navy traffic to fleet units. 


5.  FLEET  SATELLITE BROADCAST INSTALLATIONS-


There are five locations from which the message traffic can be transmitted by the Fleet Satellite Broadcast Subsystem.  All five locations have the capability to transmit these data via the SHF terminal or the UHF terminal.  With the exception of  NCTAMS MED, these same stations can also transmit the Fleet Satellite Broadcast message traffic via HF facilities.


UHF SATCOM installations at shore terminals use existing naval communications centers and the geographical locations of command operations centers.  Four Naval Computer and Telecommunications Area Master Station (NCTAMS) in selected geographical areas have prime responsibility for Naval UHF communications via satellites:



NCTAMS LANT, Norfolk, Virginia



NCTAMS MED, Bagnoli, Italy



NCTAMS WESTPAC, Finegayan, Guam



NCTAMS EASTPAC, Wahiawa, Hawaii



NCTS (NAVAL COMPUTING AND TELECOMMUNICATIONS                                              STATION) -  Stockton, California  provides a backup communications



capability to NCTAMS EASTPAC and connectivity between  NCTAMS



 EASTPAC and NCTAMS  LANT.



Ten NCTSs are used to retransmit FLEET BROADCAST message traffic via 

                       HF links.  In addition, at Yokosuka, Japan there is an RF terminal for 

                       transmission  of SSIXS and Secure Voice communications in the Western Pacific                          and Indian Oceans. 

The receiver system is also installed at some NCTSs to receive Fleet Broadcast traffic, which is subsequently retransmitted from there on HF links.  NCTSs with retransmitting (rekeying) facilities are in the following locations:

GREECE 

AUSTRALIA

SPAIN

JAPAN

UNITED KINGDOM

PHILIPPINES

PUERTO RICO

USA (ADAK, SAN DIEGO)

ICELAND

 
THE NAVY UHF SATCOM SYSTEM consists of information exchange subsystems that use the satellites as relays for communications, control, and quality monitoring subsystems that provide data to manage satellite resources.  Each subsystem structure addresses specific naval communications requirements.  Examples of some of these subsystems are listed below:



a.  FLEET SATELLITE BROADCAST SUBSYSTEM-  This is an expansion of                        the Fleet Broadcast, which historically has been the central communications                                  medium for operating naval units.



b.  COMMON USER DIGITAL INFORMATION EXCHANGE SUBSYSTEM 


(CUDIXS)-  This installation is a communications network for transmitting                                  general service message traffic between ships and shore installations.                                             Collectively, CUDIXS NAVMACS provides improved ship to shore and shore to                         ship operational communications.  These improvements are directed toward                                   increased message traffic through put rates, increased traffic volume, and                                      improved link reliability. 



c.  SUBMARINE SATELLITE INFORMATION EXCHANGE SUBSYSTEM 


(SSIXS) - The SSIXS complements other communications links between SSBN                          and SSN submarines and shore terminals.



d.  SECURE VOICE SUBSYSTEM - This is a narrowband UHF subsystem that                          links voice communications between ships and connects with wide-area voice                                networks ashore.



e.  TACTICAL INTELLIGENCE SUBSYSTEM (TACINTEL) - This subsystem                         is specifically designed for special intelligence communications.



f.  TELETYPEWRITER SUBSYSTEM - This subsystem is an expansion of                                terrestrial teletypewriter transmission networks.



g.  TACTICAL DATA INFORMATION EXCHANGE SUBSYSTEM (TADIXS)


 /   OFFICER IN TACTICAL COMMAND INFORMATION EXCHANGE 


 SUBSYSTEM   (OTCIXS) - This subsystem provides a communications link                               that exchanges  information from shore stations to fleet users in support of Navy                           cruise missile operations.



h.  DEMAND ASSIGNED MULTIPLE ACCESS (DAMA)-   This subsystem                            was developed to multiplex several subsystems, or users, on one satellite channel.                         This has the effect of allowing more satellite circuits to use a UHF satellite                                     channel.



i.  CONTROL SUBSYSTEM  Consists of a communications network that                                   facilitates status reporting and management of the system assets. 



j.  LEASAT TELEMETRY, TRACKING, AND COMMAND SUBSYSTEM -                           This subsystem is jointly operated by Navy and contractor for LEASAT satellite                            control.



k.  FLEET IMAGERY SUPPORT TERMINAL  Transmits imagery from shore                           locations to ships, ships to shore locations, ship to ship, or shore to shore.


The Naval Telecommunications System embraces all naval telecommunications and computer operations that provide for exchanging information among naval forces at sea, in the air, and ashore.  NTS provides and maintains reliable, secure, and rapid telecommunications based  on war requirements to meet naval command needs, facilitate naval administration, and satisfy requirements for those DCS facilities assigned to the U.S. Navy.


To satisfy increasing demands for rapid worldwide information delivery, along with growing naval message and data traffic, the U.S. Navy has upgraded the NTS to its present primarily automated form.  Within the NTS there are many automated message, data exchange, command and control, intelligence, and administrative systems.  Information entered into these systems may be conveyed from shore-based facilities to and between afloat platforms by a semi-automated fleet broadcast network or other tactical communications.  Fleet broadcast includes HF and LF radio, UHF fleet satellite.  


NAVCOMPARS, the primary GENSER messaging network, generates, processes, and routes record traffic to appropriate tactical circuits-usually those of the fleet broadcast system (by either HF satellite or, in some cases, LF).  It automates message dissemination among naval users and provides the automatic message interface between Navy and AUTODIN/DMS I users.  NAVCOMPARS simultaneously performs message routing and control functions that serve local shore-based message or communications centers.  NCTAMS are NAVCOMPARS hubs.  


NAVMACS, the shipboard counterpart of NAVCOMPARS, comes in several versions depending on the ship on which it is installed.  It automatically guards appropriate channels of the fleet broadcast, selects messages from the broadcast addressed to it, provides internal shipboard automated message distribution, and allows user terminals to prepare and edit outgoing messages.


TACINTEL is similar to NAVMACS  except that it processes and distributes exclusively intelligence - related messages.


CUDIXS is a fully automated communications message processing network that is a subsystem of the Navy's UHF satellite system, CUDIXS automates both ends of a UHF satellite ship-to-shore link.  The CUDIXS shore terminal is installed at the NCTAMS or NCTS.  From shore CUDIXS, interfaced with NAVCOMPARS, receives and sends traffic for NAVMACS - equipped ships.  Using an automatic polling scheme over the UHF satellite segment of the fleet broadcast, each CUDIXS can serve up to 60 ships


7.  MARINE CORPS UHF SATELLITE COMMUNICATIONS TERMINALS
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                         SATELLITE  COMMUNICATIONS CENTRAL  AN/TSC-96A


    
         1)  The AN/TSC-96 A Satellite Communications Central  (SSC) is a transportable, ground-based station capable of providing secure voice and data communication via Fleet Satellite Communication (FLTSATCOM), and UFO Follow-on satellites.  The AN/TSC-96A combines a radio frequency (RF) communications subsystem and a data processing subsystem within one enclosure.  The AN/TSC-96A can be deployed via air, land, or rail transportation anywhere in the world.  It provides secure voice and Naval Modular Automated Communication Subsystem (NAVMACS) communications among Commander Amphibious Task Force, Commander Landing Force, Marine Expeditionary Force, Force Service Support Group, Marine Air Wing, and the Navy Telecommunications System.  In addition, the AN/TSC-96A has the capability to interface with other systems such as the AN/MSC-63A Tactical Communications Center (TCC) and the AN/MSC-63A Special Security Communications Center (SSCC).  



2)  The primary  electrical power for the shelter and ECU is 3-phase, 120/208 Vac 60 Hz.  The 120 Vac, 60 Hz, 3-phase, 5 wire (phases A, B, C, neutral, and safety ground) primary power enters the shelter through the power entry panel and connects to the main power  circuit breaker.  The power distribution panel is used for the distribution of primary power to the individual pieces of equipment within the shelter.  The AN/TSC-96A is normally deployed utilizing a MEP 5.

Uninterruptible Power Supply (UPS) provides power for the data processing subsystem under conditions of complete power loss, partial power loss, and line voltage sags, surges, or transients.  T he UPS provides battery backup to allow enough time for orderly shut-down of the data processing subsystem.  The TAC-3 must be shut down within 15 minutes after power failure. 

PHYSICAL ARRANGEMENTS. 

The AN/TSC-96A consists of three subsystems:  a shelter and auxiliary support subsystem, a RF communication subsystem, and a data processing subsystem.  



1.  Shelter and Auxiliary Support Subsystem   The shelter is a transportable unit based upon the S-280C/G shipping container.  Components of the auxiliary support subsystem are the primary electrical power and the attached Environmental Control Unit (ECU).  



2.  RF Communications Subsystem  This subsystem provides the AN/TSC-96A with the capability to receive and transmit both voice and data by way of UHF satellite channels.  The subsystem receives fleet broadcast, transmits and receives one NAVMACS/Common User Digital Information Exchange Subsystem (CUDIXS) channel, and receives and transmits on the Advanced Narrowband Digital Voice Terminal (ANDVT) secure voice channel.  The AN/TSC-96A will include the cables necessary to retrofit the High Speed Fleet Broadcast (HSFB) system.  



3.  Data Processing Subsystem  This subsystem provides the AN/TSC-96A with the capability to generate, process, store , and retrieve Fleet Broadcast and CUDIXS/NAVMACS II messages, and be operated remotely.  
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The AN/TSC-96A SCC works in conjunction with the following equipment/systems


a.  Navy Telecommunication System


b.  AN/MSC-63A TCC (full-duplex, KG-84C covered, flex channels (fully automated                      computer interface) for transmission and reception of CUDIXS/NAVMACS II


     messages).


c.  AN/MSC-63A SSCC


d.  TA-1042 field telephones


e.  KY-68 secure telephone


f.  HYX-57/KY-99 adapter


g.  Remote ANDVT (part of AN/TSC-96A)


h.  Remote DAMA port


i.  BANYAN Vines M. D. S.  LAN

SUBSYSTEMS

Advanced Narrowband Digital Voice Terminal (ANDVT)  - In the AN/TSC-96A, the ANDVT is used for a digital secure voice circuit with DAMA.  The ANDVT has two voice features:  network (NET) and Point-to-Point (P-P).  The ANDVT provides voice processing, coding, and keying of secure and plain text communication.   It also has a data feature that processes serial data at 300, 600, 1200, or 2400 bps from an external digital data device.  The following components comprise the ANDVT.



a)  The CV-3591 furnishes voice-processing, coding, and modulation functions.  It also provides physical separation between Red and Black functions.  



b)  KYV-5 COMSEC Module provides encryption, decryption, and plain text bypass functions.  It also provides physical isolation between the Red and Black functions. 


DAMA  The DAMA multiplexer TD-1271 provides time division multiplexing of digital data and secure voice communication links over a 25-kHz geosynchronous satellite transponder.  This process of time division multiplexing allows a number of user installations equipped with a multiplexer (MUX) and compatible RT equipment to sequentially time -share a single satellite channel.  In DAMA operations, the outputs of the baseband circuit(s) in use, NAVMACS II, secure voice, are connected to the DAMA multiplexer ports by a patch panel.  The TD-1271 retains the data to be transmitted until the appropriate time slot arrives, the data is then burst transmitted.  


Common User Digital Information Exchange Subsystem / Naval Modular Automated Communication Subsystem.    CUDIXS is a communication network originating at the Naval Computer and Telecommunications Area Master Station (NCTAMS) that is accessed by the AN/TSC-96A.  NAVMACS II software package, is resident in equipment used in the AN/TSC-96A to process the CUDIXS message traffic.  These systems are a high speed, half duplex, automated digital communications net using a satellite channel.  Communication is between a shore-based Network Control Station (NCS) and the network subscribers.  The NCS accepts and relays messages.  There are two types of traffic to/from the NCS:  computer-to-computer control messages and operator-to-operator control messages.  Information exchange is computer-controlled at both the NCS and the network subscriber terminals.  The system provides the computer control for either type of subscriber.


Outgoing Messages  Both primary and special subscribers can send narrative messages via CUDIXS / NAVMACS II by either loading a prepared copy of the message into the TAC-3, or by entering it directly on the terminal keyboard.  Messages are transmitted automatically over the CUDIXS / NAVMACS II link according to message precedence (first-in, first-out within the same precedence).  A limited number of repeats may be made automatically until a receipt is obtained from the NCS or until the given repeat limit is reached.  

`
Incoming Messages  All network subscribers may receive narrative message traffic through CUDIX / NAVMACS II.  For each incoming narrative message, the system examines a special CUDIX / NAVMACS II header (one which precedes the usual narrative message heading) to find the Subscriber Identification Number (SID) that indicates the subscriber destination for the message.  If the SID indicates that the message is for this subscriber, the system accepts, assembles, and prints the message.  The NCS may send parts of the message in several separate transmissions.  The system tracks the , requests repeats of garbled parts, and assembles and prints the entire message.  The system ignores CUDIX / NAVMACS II messages that are not specifically addressed to this network subscriber.


Operator to Operator (OTO) messages  Messages from OTO, 80 characters or less, are entered from the NMP and upon receipt at the line printer.  Such messages are used to coordinate operation of the CUDIXS / NAVMACS II network.


Flex Channel Operation  The AN/TSC-96A provides KG-84C secure "Flex Channels" to furnish black signal interfaces through the SEP,  to other communications equipment (i.e., AN/MSC-63A (V)/TCC.  Five channels of the NAVMACS II system can be interfaced to external facilities such as AN/MSC-63A through the KG-84Cs patched to the SEP.  Three KG-84Cs are configured for conditioned Di-Phase Operation, while the other two are set for baseband operation.  


Fleet Satellite Broadcast  The NCTAMS transmits Fleet Broadcast message traffic to a satellite where it is broadcast in an ultra-high frequency (UHF) downlink for general reception.  This subsystem has 15 subchannels of covered message traffic at an input data rate of 75 bps per channel.  These subchannels are time-division multiplexed and transmitted in a one-way transmission at 1200 bps.  The shore-based terminal transmits this data on a direct sequence spread-spectrum super high frequency (SHF) signal to the FLTSATCOM and UHF Follow-on Satellites, where the signal is translated to UHF and down-linked to the subscribers.

Automatic guarding of incoming message traffic from a Naval Communications Station is accomplished through the NAVMACS II subsystem.  In this mode, the computer scans all incoming message headings for the commands for which it is guarding and can either send the messages to the line printer for immediate printing or store them for later viewing.


OPINTEL Operation  The OPINTEL channels of the FLTBCST are received and processed by the AN/SSR-1A receive system.  These channels are not decrypted in the AN/TSC-96A.  Up to two received black channels can be patched to the SEP for processing in the Special Compartmented Information Facility (SCIF).

ANTENNAS

Two Trivec Avant AV-2011 UHF satellite antennas can be operated from up to a maximum of 50 feet from the shelter.  The antennas receive and transmit UHF signals from 245 - 315 MHz, in a directional pattern.  The antennas are capable of being adjusted over their full azimuth and elevation range.


The AS-2815 antenna is available as a Fleet Broadcast antenna.  This omnidirectional antenna is mounted on top of the shelter and receives UHF signals from 248 - 255 MHz.  All the antennas may be connected to the RF entry panel on the curbside exterior of the shelter.
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[image: image22.wmf]8.  ULTRA HIGH FREQUENCY TACTICAL SATELLITE COMMUNICATIONS TERMINAL (AN/PSC-5)

The mission of the AN/PSC-5 is to provide Marine Air Ground Task Force (MAGTF) Commanders with a reliable, secure, worldwide tactical communications capability for contingency operations, in - theatre communications, and Combat Net Radio range extension.  This single channel SATCOM terminal will link units at all levels in the Marine Corps, from Major Subordinate Commands to infantry battalions.  It is designed to enhance current communications capabilities for Marines conducting Operational Maneuver .

DESCRIPTION: 

 
The Radio Set, AN/PSC-5 is a Line-Of-Sight (LOS) and Satellite Communications

 (SATCOM) radio set.  The Radio Set operates in the 30 to 400 megahertz (MHz) frequency range and provides both data and voice communications.  For satellite communications, the Radio Set provides Demand Assigned Multiple Access (DAMA) communications, as well as dedicated channel modes.  This DAMA capability allows a large number of users to share satellite assets.  The Communications Security (COMSEC) capability allows encryption of normal voice, digitized voice, and data traffic.  DAMA requires loading of an Orderwire key used to encrypt the Orderwire communications between controllers.  Major components of the Radio Set are listed below:


1)  RT-1672/U (C) -Receiver-Transmitter (RT) - Very High Frequency (VHF)/Ultra High                 Frequency (UHF) transceiver, which performs LOS and Satellite communications                          (with embedded COMSEC).


2)  Flexible UHF LOS Antenna - Used during all non-satellite (LOS and BEACON)                          operations.


3)  Detachable Battery Case - Keeps batteries in place and permits easy battery change.


4)  H-250/U Handset - provides for audio input/output


5)  Interface Cables W1-W5- Interconnects the radio with various external devices.


6)  Interface Cables W6 - Interconnects the radio with the user-supplied AS-4326/P or                       equivalent satellite antenna

COMSEC

Voice and Data communications may be performed in either Plain Text (PT) or Cipher Text (CT).  The AN/PSC-5 can retain in memory a total of 14 COMSEC Keys Note:  PT voice is not possible in SATCOM mode.  There are three categories of COMSEC keys:



a.  Key Encryption Key (KEK) - 

1 each



b.  Traffic Encryption Key (TEK) - 

5 each



c.  Orderwire (OW) key -     


8 each


COMSEC Keys can be retained in the RT-1672 memory as long as power is applied.  After the power source is removed, COMSEC Keys are retained in the RT-1672 memory a minimum of 2.5 minutes with the RT-1672 Mode Switch in the OFF position.  About three minutes after power is turned off, the COMSEC Keys are lost.  If your DC power is lost while operating, the COMSEC keys are lost immediately.


COMSEC keys may be loaded into the AN/PSC-5 Radio Set from any of the following COMSEC Fill Devices:  KYK-13, KOI-18, KYX-15, CYZ-10.


There are several types of COMSEC devices that are used for different purposes.  Each TEK loaded into the AN/PSC-5 Radio Set must be assigned a type of COMSEC device.  The assigned COMSEC device must be the same as that used by the station receiving your transmission(s).  The COMSEC devices are:  



a.  ANDVT - used for digital voice communications



b.  KG-84 - used for digital data communications



c.  VINSON - used for voice or data communications 


There are two fill positions on the RT-1672 Mode Switch.



a.  Fill 1 - used to load up to five TEKs, and the single KEK.



b.  Fill 2 - used to load up to eight OW keys.


TEKs loaded through the Fill 1 position are used to encrypt/decrypt messages (voice or data) in LOS, SATCOM, or DAMA operations.


OW Keys loaded through the Fill 2 position are used during DAMA Orderwrite Operations only.  The operator MUST  load OW keys into the AN/PSC-5 Radio Set to operate in DAMA mode.  When your AN/PSC-5 receives an Orderwire message from the Primary Channel Controller (PCC) for the first time, the RT will try all OW keys (from fill position 1 to fill position 8) for decryption.  When the message is decrypted, that OW key is used as the key for all other messages until the PCC instructs the Radio to change OW key.  Changing of the OW Key in done automatically, without the operator knowing.  


It should be noted that only the requesting unit's COMSEC CUSTODIAN with valid COMSEC ACCOUNT can order KEY (s).  The DAMA system consists of four satellite coverage areas and each satellite coverage area will have its unique OW KEY.  The requesting activity need to specify the satellite coverage area (i. e. CONUS, LANT, IO or PAC) for the OW Key to be used in their Key (s) request.  Normally, the process will take approximately two months.  


The AN/PSC-5 Radio Set has a Plain Text (PT) override feature for voice communications.  With the PT override feature, an AN/PSC-5 Radio Set in PT mode can transmit to an AN/PSC-5 Radio Set in CT mode.  The receiving radio (in CT) generates a "beeping" tone in the handset to alert the operator that the transmitter being received is in PT.  To respond, the operator in CT must switch to PT.  A status of COMSEC keys can be checked through the Database Options Menu.

OTAR Operations

If you cannot communicate with another station after you have been off the air, you may have missed an unscheduled OTAR or an unscheduled Key Update.  



a.  The AN/PSC-5 can receive an OTAR for TEKs only.



b.  The AN/PSC-5 must be using the TEK that will be replaced.



c.  No transmit permitted during the OTAR procedure.



d.  After receiving the OTAR, the operator should check to insure the Key Type                                is still correct for that and the Key update is reset to zero.



e.  SOP requires a communications check, normally initiated by the OTAR                                        originator, after the successful receipt of the new key.

Line-Of-Site (LOS) Operations

LOS is just one of the three operational modes available to you when using the AN/PSC-5.  This Mode ( Line-Of-Site) Operations, operates in Normal, Scanning, and Beacon modes.  As a single channel LOS radio, the AN/PSC-5 gives an operator a tremendous amount of capability.



1.  NORMAL OPs:  The AN/PSC-5 radio set can transmit and receive on 30.000 to 399.975 MHz in the LOS mode.  This means that, besides the VHF-FM military band (30.000 to 87.975 MHz), the VHF-AM military band (116.000 to 173.975 MHz), and the normal UHF military band (225.000 to 399.975 MHz), the AN/PSC-5 radio set can also transmit and receive on what are normally "restricted" or 'reserved" bands.  The AN/PSC-5 gives the operator 14,800 different channels for LOS communications.  These channels are spaced 25 kHz apart.    



2.  SCANNING OPs:  The Scanning function allows you to monitor more than one frequency at a time.  Scanning is available in the following mode (s):  LOS PT, LOS CT, SATCOM PT, and SATCOM CT.



3.  BEACON OPs:  This mode is used primarily for emergencies.  BEACON mode is a one-way, transmit only function.  Most military aircraft are equipped with homing capability.  This capability allows aircraft to find the transmitter location in an emergency.

SATCOM OPERATIONS

There are two types of satellite communication modes available through the AN/PSC-5.  They are SATCOM and DAMA. 


 SATCOM is used when a dedicated channel is available for use by a network.


DAMA uses Orderwire transmissions to manage communications links, providing a more efficient method of assigning satellite access.  Instead of assigning channels by a time period, channels are assigned on demand.  If a user is pre-empted, DAMA allows the user to regain access as soon as a time slot becomes available.


Characteristics and definitions for 5 kHz and 25 kHz  DAMA communications:



1.  5 kHz DAMA communications:  




a.  Time - Time is divided into frames of 8.96 seconds each.

                                                  Frames are divided into 1024 building blocks.

                                                  Each building block is 0.00875 seconds long.

                                 b.  Frames are divided into 3 types of segments:





    Forward Orderwire (FOW) segments (single time slot)

                                                  Return Orderwire (ROW) segments (multiple time slots)

                                                  Communications segments (multiple time slots)

                                 c.  Active Ranging is the transmission and subsequent reception of a burst                                          signal used to determine the range to a satellite.



          d.  Passive Ranging is an internal process to determine the range to a                                                   satellite.



           e. Guard List is a set of addresses for which a terminal receives services.

                                  f.  PCC is the Primary Channel Controller.

                                  g.  ACC is the Alternate Channel Controller. 

                                      A controller can set up Multiple-hop (satellite to satellite)                                                               communications links for global communications.  

                                  h.  ROW is the orderwire used to transmit control and status information                                             from the CC to terminals in the network. 

                                  i.   FOW is the orderwire used to transmit control and status info from the                                           CC to terminals in the network.  

In 5 kHz DAMA communications, you may operate in one of the three MODES.  The Modes of operation are described below:  



NORMAL   In the Normal Mode of operations, there is a portion of OW communications that occurs between the PCC and the terminal that is automatic; it does not require operator interaction.  Responses to these OW commands are automatically transmitted to the PCC.  Other OW communications are initiated by the operator.



SILENT  In the SILENT Mode of Operations, the terminal will receive OW commands from the Controller, but the operator initiates all replies.  This mode of operations reduces the amount of transmissions for the terminal and reduces the chance of detection of the terminal's transmissions.  The SILENT mode of operations is available only in 5 kHz DAMA operations.



EMCON  In the EMission CONtrol (EMCON) mode, the terminal cannot transmit at all.  EMCON may be compared to listening silence mode for voice communications.



2.  25 kHz DAMA communications:  NOTE:  User segments are sub-divided into user slots



a.  Time - Time is divided into frames with each frame being 1.3866                                                              seconds long.




    Frames are divided into seven slots

                                     Slot#1-  Channel Control Orderwire (CCOW) - Transmissions from a                                                          controller that control a waveform and its usage, such as frame                                                       number, encryption assignments, and frame format in current                                                            use.




    Slot#2 -User Segment A (communications slot).




    Slot#3 -Active ranging signal slot

                                       Slot#4 - Link test slot

                                       Slot#5 - Return Channel Control Orderwire (RCCOW)- Used by                                                                 terminals to request from the CC access to the waveform, to                                                            respond to CC requests with information, and to transfer                                                                 computer data to other terminals.





    Slot#6 - User segment B (communications slot)

                                       Slot#7 - User segment C (communications slot)



b.  There are two (2) types of 25 kHz DAMA nets




1.  Automatic Control  (AC) - is an operating mode that allows communications slots within the waveform to be dynamically assigned to terminals requiring access to the time slots.




2.  Distributed Control  (DC) - is an operating mode in which a terminals access to a communications slot is preassigned  (both time slot and frame format) and any configuration changes are directed by a CCOW message.

OTHER CAPABILITIES / OPERATIONS

Retransmit and Cloning are additional capabilities of the AN/PSC-5.  They are capabilities that work with modes of operation but are not modes of operation by themselves.  These capabilities, not often used, are unique and may be invaluable to you in the field.



RETRANSMIT provides additional range for communications (Range Extension).  The AN/PSC-5 is capable of retransmitting communications using links composed of AN/PSC-5 or AN/PSC-5 and SINCGARS radio sets.  

An example of  retransmit in both of these scenarios follows.  In some communications scenarios, there will be a requirement for users to communicate between satellite footprints.  This will be accomplished using AN/PSC-5 to AN/PSC-5 retransmissions through two satellites.  One Radio must be positioned in the footprint of each satellite.  The transmission path would be from a AN/PSC-5 through both satellites, to the second AN/PSC-5.  Both radio sets could be part of a retransmit net.

Another example of how the retransmit function could be used is communications between ground units (SINCGARS -VHF FM) and SATCOM (UHF AM).  In this example, the ground unit transmits a voice message.  A SINCGARS radio connected to a AN/PSC-5 transmits the voice message.  The audio and a key line are sent to thru the AN/PSC-5 which transmits it to the satellite.  Gives more units access to satellite communications.

CLONING OPERATIONS 

Cloning is a feature of the AN/PSC-5 radio set that makes loading the presets, especially with multiple radios, easier to perform and reduces the chance of errors.  Cloning is used to transfer the preset parameters and terminal data from one RT to another.  The Cloning procedure transfers all loaded information with one exception:  COMSEC Keys CANNOT be transferred by cloning.  Cloning requires the Cloning Cable, to utilize this procedure, the operator must preset one RT.  This RT is designated as the source.  Another RT, designated the destination, is connected to the source by the Cloning Cable.  The Cloning Cable is connected to the AUX connector on both RTs.  Both RTs must be in the PT position for cloning.

9.  AN/LST-5:       

FREQ. RANGE                         225.000 to 399.995 MHz

PRESET CHANNELS               9

MODULATION                        AM, FM, BPSK, SBPSK  

HIGH POWER OUTPUT          AM 5  watts,  FM  18 watts

LOW POWER OUTPUT:          AM  2  watts,  FM  5  watts

POWER REQUIREMENTS      +21 to +32 or BB-590/U BA-5590

10.  AN/PSC-3  

 FREQ.  RANGE:-                     225.000 to 399.995 MHz

MODULATION 

                       FM, FM-FSK, BPSK, AND  DBPSK

CHANNEL SPACING:
             SAT-5 kHz and LOS- 25KHz

TRANSMITTER OUTPUT:       SAT-35 watts  LOS- 2  watts

 INPUT POWER: 

                      22 to 32 VDc 

 BATTERIES: 

                            2 BA-5590s or 2 BB-590s          

11.  AN/MRC-140


Is a vehicle mounted, net control station for up to 15 radio set AN/PSC-3s.  It comprises the radio set AN/VSC-7 (RT-1402A/G with a -11119 Control Converter MT-1029 Mount Assembly)  mounted in the M998.  The AN/VSC-7 has the same capabilities as the AN/PSC-3 with the addition of the control converter which provides for the selection of up to 15 different individual call address.

 REFERENCES: 
*NTP-2 Section 1(B)

*CJCSM 6231.4 Joint Transmission Systems

*DCA Circular 800-70-1, Operation and Control the Defense Satellite Communication System

*TM 08176A-15/3, System Manual, Satellite Communication Central,  N/TSC-96(V)

*TM 5820-01-145 10/1, Operators Manual Radio Set AN/PSC-3(VI)

*FSCS-200-83, 1 Aug 1984, Navy UHF Satellite  Communications 

*C4I Handbook for Integrated planning
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