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Introduction

As the twenty-first Century opens there is the need for an increasing amount of communication satellites.  There is now, as of this writing, a race among many corporations for the communications industry markets. The following are just a small sample of developments that are in progress.

The KbSat Controller


The first of these systems that I came upon while surfing the net was the Kb/Sat satellite controller. KbSat was designed and manufactured by KbTEL and uses a conventional earth station that they have converted into a TDM/TDMA (Time Division Multiplexing/Time Division Multiple Access) system.


According to Web ProForums, the definition of TDMA is a digital transmission technology that allows a number of users to access a single radio frequency (RF) channel without interference. It does this by allocating unique time slots to each user within each channel. The TDMA digital transmission scheme multiplexes three signals over a single channel. The current TDMA standard for cellular communications divides a single channel into six time slots, with each signal using two slots that provide a 3 to 1 gain in capacity over advanced mobile-phone service (AMPS). Each caller is assigned a specific time slot for transmission. Figure 1 illustrates a TDMA diagram that shows a signal from a single transmitter with different time slots in several bands. TDM/TDMA was adopted over CDMA (Code Division Multiple Access) by the European System for Mobile Communications (GSM), the Japanese Digital Standard Personal Digital Cellular (PDC), and the North American Digital Cellular (NADC). This was because TDMA enables some vital features for operation in a cellular or PCS environment. One feature is that it allows a single channel to carry four conversations on a channel at the same time (see Figure 2) as opposed to Figure 3 where there are four channels for four different conversations

[image: image6.png]Frequency




Kb/Sat is a point-multipoint (PMP) network with two-way communication. The controller also includes user ports that are programmable for different speeds, as well as a wide 
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Figure 1


Figure 2 (above) and Figure 3

range of protocols that include connections to local area networks. Routers are not required for these connections.








Figure 4 demonstrates the connection with LANs and WANS, banking branches and its 

ATM machines. As can be seen in Figure 4 (next page), one of its connections is with Kb/NMS software and its WAN connections that have the following features:
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       Figure 4
· System configuration

· Port configuration

· Radio link testing

· Software update

· Detailed traffic reports, radio links, ports, protocols, etc.

· Alarm collection (Protocol, radio link, and Kb/Sat station)
.

Protocol Support



With its connection to LANs and its connections to WANs through KbNMS, Kb/Sat is able to connect with many different protocols. It allows for both independent and simultaneous transportation of several protocols in the most efficient manner.
 See Figure 5 (next page) for an example of Kb/NMS connections.



Kb/Sat supports many different protocols. Table 1 shows a list of protocols and sub-protocols that it supports through TDM/TDMA.
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Figure 5

Table 1

Supported Protocols



	IP Support
	Other LAN Protocols

	LAN Interfaces 

· Ethernet (10 Base-T, 10 Base-2, 10 Base 5)

· Token Ring
	IEEE 802.1d Spanning Tree Bridging

Frame Relay

X.25 (Full Support)

	Serial Interfaces

· SLIP

· PPP
	X.28        Poll Select (Burroughs Sync/Async)     SLDC      ALC     HDLC      ISO (NCR Sync/Async)

	IP Routing

· RIP

· Proxy ARP
	BSC          TINTET     DATAPAC 3201

BSAP (Bristol Standard Async Protocol)

POS Protocols (VISA I & II, ISO 8583)




TDM/TDMA is itself a protocol that operates within a point-multipoint environment and adapts dynamically to transmission traffic conditions on the network. This protocol will assign more user time to these remotes that have the most traffic in order to optimize the response time. The entire process is performed automatically and does not require operator intervention. 



The Kb/Sat controller can be connected to a host directly or through WAN. The WAN network protocols can be X.25, IP, or Frame Relay (as seen above in Table 1), and it has the ability to sum up any of the protocols into the WAN protocol.

Advantages and Applications of the Kb/Sat Controller



Table 2 lists practical advantages and applications of the Kb/Sat controller: 

Table 2

	Advantages
	Applications

	Efficient uses of satellite resources
	Internet Access

	Quick and easy installation
	LAN interconnection

	Complete network control and technical support
	Transactional: Bank branches, Financial applications, ATMs, Lotteries

	Enables development of new protocols and personalized tools
	SCADA (Supervisory Control and Data Acquisition)


	100% compatibility with other Kb/TEL products
	Client/Server

	Flexible and low cost

	Electronic mail (e-mail)



Efficient uses of resources



Because Kb/Sat uses a TDM/TDMA protocol, it employs a pair of carriers for the operation of several remote points. It operates with one out-bound carrier (Base to Remotes) and from one to four inbound carriers (Remotes to Base). The speed of the out-bound and the in-bound carriers may differ. 



As noted above, Kb/Sat connects main bank offices to their branch offices and to ATMs. Figure 6 (next page) illustrates the response time of a system that is connected to bank branches. The time per terminal and a pair of 56 Kbps carriers are being used. If we consider seven terminals per branch, a total of 64 branches could be served by two 56 Kbps carriers. The size and number of the carriers may differ depending on the design of each network.
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The Asia Cellular Satellite System (ACeS)



ACeS is an advanced mobile telephone and data service communication system that will allow customers equipped with hand-held terminals to communicate via high-quality, low-cost digital signals that will provide access to voice, data, and fax services. ACeS is owned by ASIA Cellular Satellite based in Bermuda. The purpose of ACeS is to serve geo-based mobile telephone communications in Asia. This would comprise approximately half the world's population. Its principal stockholders are, for the most part, Asian concerns. However, one of the principal holders is Lockheed Martin Global Telecommunications who markets, designs, and builds geostationary and non-geostationary communications and remote sensing satellites for customers worldwide.



On May 20, 1998, Lockheed Martin awarded a contract to Racal Instruments in the United Kingdom to develop and supply test systems for the Asia Cellular Satellite system. Racal was chosen because of its satellite testing technology, and that was what LM needed to aid its development, manufacture, and testing of ground segment systems for ACeS.



On February 13, 2000, the first ACeS satellite Garuda - 1, manufactured by Lockheed Martin, was launched from the former Soviet Republic of Kazakhstan. Garuda is a 14-kilowatt satellite at the beginning-of-life and end-of-life power capacity of nine kilowatts. This makes it one of the most powerful telecommunications satellites ever launched (see Figure 7). More satellites will comprise the ACeS constellation, and when it is completed, it will provide the communications infrastructure to serve more than half the world's population according to Peter Kujawski, President of Commercial Space Systems. Mr. Kujawski believes that considering Asia's size and topology, satellite-based telecommunications is the best way to serve this market.
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Figure 7

Lloyd's Satellite Constellations



Of course, Commercial Space Systems is not the only enterprise to expound this view. In fact, others go further and are targeting areas with different schemes to be first to the worldwide communications markets. This is the belief expressed by SSTL in their web page Lloyd's Satellite Constellations. UoSat/SSTL is a corporation located in the United Kingdom that has launched twelve low-earth orbiting satellites since 1980 in cooperation with different countries that include the United States (NASA), France, Chile, South Korea, and Malaysia.



Lloyd's Satellite Constellations expresses three needs for satellites. They begin by stating that anyone can launch a satellite, but that one lone satellite can only be seen only over part of the world at any one time. LSC makes these three points:

1) Satellite constellations answer the need for global, or near global, coverage. A number of satellites must be launched so that a satellite can be seen from all parts on earth or as near as possible to all points on earth.

2) Anyone launching satellites would want to figure out the geometry and orbits of their satellites so that their footprints overlay the earth.

3) More and more satellite constellations will be launched in the different power bids for global telecommunications in the 21st century.

Two target areas for schemes that are in the race to be first in the telecommunications market are voice communications and broadband networking.

Voice Communications

The first of the "big LEO" schemes, or launching of low-earth orbiting satellites, is voice communications. Iridium had a lead of eighteen months when it launched several satellites, but coming up behind them were a number of other companies (Globestar, ICO, etc.). Though these companies focused on voice as the market to go for, they developed fax, paging, and modem-level data speeds as well.

Broadband Networking



This is much newer than voice. The established players include Teledisic, Skybridge, Spaceway, and a large number of geostationary Ka-band constellations. As of this writing, they were still in the paper planning stage and were receiving competition from other very different schemes (worldwide undersea fiber networks and stratospheric balloons).

Some of the Systems



The ICO system is a TDMA MEO (medium earth-orbit) system with ten satellites and two spares in two inclined circular orbits. The orbit is designed for satellite diversity in that two or more satellites are in view of the Mobile Terminal (MT) at most times. The satellites relay calls between the MT and an earth station (ES). Twelve ESs and the subscriber databases are interconnected using terrestrial facilities to form a network. The ESs are linked to the public Switched Network through gateways which are owned and operated by third parties.



The Iridium system incorporates Inter-Satellite Links (ISL), a GSM
 based telephone architecture and a geographically controlled system access process. Iridium views its 66-satellite LEO coverage as one that offers low path delays and global coverage.



The Telesdic satellite system is by far the most ambitious of the proposed systems. The cost is $9 billion for 840 active satellites (924 including in-orbit spares) in 21 planes in sun-synchronous, inclined circular low-earth orbits. See Figure 7 (next page) for many of the present orbits that include the aforementioned in GEOS, MEOS, and LEOS orbits.
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    Figure 7

Some Present Uses of Satellites



I will deal with two very important uses of satellites that will figure prominently as we enter the 21st century. The first is messaging that makes wide use of the LEO schemes. The other deals with navigation that comes under the domain of global positioning satellites (GPS).



The first of the satellite systems for messaging came from Orbcomm. These satellite systems are products of the “little LEO” schemes. Big LEO schemes, or big low-earth orbiting satellites are able to track whole trucking routes, while little LEO, or little low-earth orbiting systems are designed to enable more use of cellular phones in many different situations (while skiing down a mountain, etc.). Little LEO enables Orbcomm to place uplink/downlink footprints over many parts of the world 
 (see Figure 8, next page).
 



As I previously mentioned, navigation is in the domain of the global positioning satellite system (GPS). GPS was originally designated NAVSTAR (Navigation System with Timing and Ranging) Global Positioning System. GPS was developed by the United States Department of 
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Figure 8

Defense to provide all-weather round-the-clock navigation capabilities for military ground, sea, 

and air forces. Since its implementation, GPS has also become an integral asset in numerous civilian applications and industries around the world. This includes recreational uses 

(e. g. boating, aircraft, hiking, etc.), tracking corporate vehicle fleets, and surveying.

GPS has 24 spacecraft in 20,200 km circular orbits at 55-degree inclines. These spacecraft are placed in 6 orbit planes with four operational satellites in each plane. Examples are newer versions that were in the making by Boeing that will provide signals for global navigation (see GPS Block 1 and GPS Block 2 in Figures 9 and 10).
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 Figure 9
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 Figure 10

Conclusion


As I indicated at the beginning of this thesis, these are a just a minute number of the present and future uses of communications satellite systems. There are so many varying degrees of systems supported by satellites that it would reach far beyond this scope to relate. The systems that I have covered here, I hope, give a more than just a small idea of what lies ahead in the field of communications.


First, in my research, I discovered satellite systems that work for local area networks that connect to wide area networks with the use of a satellite controller. The Kb/Sat controller supports branch banking and ATM’s as well as many different protocols.


Through this research, I also discovered the Asia Cellular System that is providing communications for Asia and for half of the world’s population. This further lead me to Lloyd’s Satellite Constellations that gave insight into the growing competition for the world’s communications markets and some of the schemes that are being employed.


Finally, I discovered the global positioning satellite constellation system that was developed for our Defense Systems. This system’s purpose is to provide complete navigation and deployment capabilities for our armed forces.
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