CS202 Broadcast and Cable Media

Chapter 3: Audio and Video Technology

Question 6


The primary wireless application of microwave frequencies today is for satellite relay and for long-distance terrestrial microwave relay. This is a means of relaying signals such as voice, data and TV from one location to another. Microwave relays use highly directional antennas to send one relay station to another along a long-distance chain with towers spaced about 30-60 miles apart. A microwave is an electronic radio frequency signal or carrier above 1 gigahertz.


This spacing is necessary due to the curvature of the earth, which requires a receiving tower to capture the signal before it literally goes off into space. The higher the towers or the mountain-tops the towers are on, the greater the spacing between the relay stations.


Located in the UHF band and above, microwaves vary in length from one metre down to a millimetre. Waves this short attenuate in the atmosphere so rapidly that they seemed unusable for communications over long distances. But when a microwave signal is focused into a narrow, concentrated beam, its power can be increased by a factor of a hundred thousand.


A microwave relay system uses a series of towers, each keeping the previous and the next tower in sight. Repeater equipment on a tower receives a transmission from the previous tower, reamplifies it, then passes it onto the receiver on the next tower in series.


Satellites have some advantages compared with microwave relays. A microwave relay can link one specific location with only 2 others – the next sending and receiving points in the relay network. A satellite, however links a group of program originators or networks to an unlimited number of receiving Earth stations in its footprint or coverage area. The footprint refers to the shape of a satellite’s transmission in regard to the reception area on the Earth.  Adding more Earth stations adds nothing to transmission costs, whereas linking up new destinations for microwave networks does.


Another advantage is that satellites are distance insensitive, being able to reach Earth stations at any distance within the satellite’s footprint. Microwave signals lose quality as they go through dozens or scores of amplifications. Satellite relays need only to amplify a signal only once before sending it down to its destination because only a short part of the distance is through the atmosphere. 


Microwave relays also rely on line-of-sight transmission via direct waves which means that the relay stations have to be located on high vantage points such as mountain tops. The higher the location of the relay stations, the further they can be spaced apart due to less possibility of disruption of the signal. This is to prevent interference in the transmission signal by tall buildings. Construction of relay stations in such inaccessible areas and rugged terrain would lead to higher costs compared to Earth stations which need only to be able to point their receiving dish and antenna towards the correct satellite.


As microwave relay stations are ground-based, they cannot span across oceans while satellite relays can. Transoceanic television broadcast became possible only when communications satellites began to function as relay stations in space. Far beyond the Earth’s attenuating atmosphere, a single satellite in a sufficiently high fixed orbit can have line-of-sight access to some 40 per cent of the Earth’s surface. By this principle, three satellites placed in equidistant positions around the Earth can create a world-wide communications system in that almost every point on Earth can be reached via satellite. This concept is based on Arthur Clarke’s original vision of a globe-spanning communications network. The equatorial belt where communications satellites are placed above is called the Clarke belt after him.


Geostationary satellites are placed in the most desirable orbital position or slot for a communication satellite. When a satellite is placed in such an orbit, which is at an altitude of about 36,000 km or 22,300 miles above the Earth’s equator, the satellite’s motion is synchronized with the Earth’s rotation as it travels at the same speed as the Earth’s rotation. The satellite appears, at least to a ground observer, to be stationary in the sky. Hence, once a Earth station locks in on a satellite, only minor adjustments may have to be made over time to maintain the link. The antenna is repositioned to a significant degree only when the Earth station establishes contact with a satellite in a different slot.


Actually, geostationary or geosynchronous satellites tend to drift out of position, but ground controllers activate small on-board jet thrusters which emit small jets of gas, making adjustments to the satellites to keep them in their assigned position. 


The centrifugal force tending to throw a satellite outwards cancels the gravitational force tending to pull it back to Earth, keeping it apparently suspended in space for years at a time as it orbits the Earth at a velocity of 11,069 km/hr or about 7,000 miles an hour.


Prior to the adoption of this type of orbital position, a ground station had to track a satellite as it moved across the sky. This made the ground segment more complicated and made the communications system less efficient. The primary value is its ability to communicate with ground stations in its coverage 24 hours a day.


Geostationary communications satellites have been traditionally been spaced four degrees or well over 1,000 miles apart in the orbital arc to create buffer zones between adjacent or neighbouring satellites. The zones reduce the chance of cross-interference during uplink and downlink transmissions. The uplink refers to the transmission from the Earth station to the satellite, while the downlink refers to the transmission from the satellite to the Earth station.  If the buffer zones were eliminated and satellites were placed too close together, an uplink that was not tightly focused and was intended for one satellite could unintentionally spill over and affect another satellite. In a similar vein, if an Earth station pointed its receiving dish towards a specific satellite, it could intercept a different satellite’s signal.


The number of available slots is finite since the region of space that supports this type of orbit is confined to a narrow belt above the Earth’s equatorial region. This is called the orbital scarcity problem. However, orbital spacing has been decreased to accommodate the increasing fleet of satellites.  A political consideration also plays a role in the allocation of these highly valued positions. A nation cannot launch and place a satellite in any slot it chooses since the slots are assigned on an international basis through the auspices of the International Telecommunications Union (ITU).


Earth stations usually comprise of an antenna or dish that is usually parabolic in shape, as well as a transmitter that can relay a high-frequency microwave signal. Some can transmit and receive signals while other stations are receive-only configurations or TV Receive-Only (TVRO). The satellite has a transponder which is the heart of the satellite. It acts like a repeater in the sky. It receives a transmission and then amplifies the signal, changes its frequency and transmits a signal back to Earth. The number of transponders carried by a given satellite is dependent upon different variables, including the strength of the satellite’s power system, its weight and the applications for which it was designed for.


The satellite has emerged as a dominant force in the communications field since it is a reliable and relatively error-free communications tool. This is in part a reflection of the integration of digital components and transmissions. Satellites also support a high-speed data link  and this application highlights a growth area in business communication, as a number of sites can be linked by video-conferencing for instance. More companies are taking advantage of a satellite’s wide channel capacity to relay computer data and other forms of information, including digitized audio and video signals.


In addition, rural areas not supported by terrestrial lines can receive satellite transmissions with the appropriate receiving satellite dishes. This includes areas where topography does not allow line-of-sight transmission from microwave relay stations such as the bottom of a valley. This would also benefit areas which are inaccessible and difficult to lay cable lines without invoking much cost.
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