The EZ Box

Wireless Communication Systems

Alan Toy, James Nici, Newman Hsiao

Objective:

The objective is to create a wireless solution for television service providers to eliminate the hassle of coaxial cable installation. The current system requires a coaxial cable to be wired throughout the house to every television set. This creates a number of problems such as the need to request technicians to install the cables in the house and the lack of freedom in moving the television set to any part of the house. To solve this problem, the coaxial cables will be removed and replaced with a wireless system which will transmit the television signal from a wireless access point located at either the satellite dish or cable source coming going into a house. The cable box located at the television set would wirelessly receive the television signals. This wireless solution not only effectively downsizes the company’s workforce while still maintaining the same quality of service, but also targets customer convenience.

Existing System:

Satellites transmit all of the television channels to a dish, which is placed on the customer’s property. A wire is then run from the dish into the house. Coaxial cables must be installed and wired to each room that the customer desires to place a television set. The wire is then connected to a converter box, which descrambles the channel and sends it to the TV. 

Similarly, cable service providers also run a wire into the house and coaxial cables are wired to every room with a television set. The coaxial cable is then connected to the cable box, which descrambles the channel for the television.

New System:

Satellites transmit all of the TV channels to a dish which is placed on the customer’s property. A wireless access point is placed at the location of the dish. A wireless transmitter is connected to the converter box, which is placed next to any TV in the house. The user would select a channel by sending a signal from their remote control to the transceiver. The transceiver would then request that specific channel from the access point. The access point would filter the channel by frequency and send it to the transceiver. The transceiver would be connected via coaxial cable to the convertor box. The box would then descramble the channel and send it to the TV.

A similar system would be used for cable service providers. Instead of a wireless access point placed at the location of the dish, the access point will be placed either in the basement of the house or nearby in the neighborhood. The transceiver configuration would have the same method of acquiring channels for viewing as mentioned before.

Both systems can be adopted for use by multiple households with a central access point.

Implementation:

Many technological considerations need to be taken into account for implementation. With High Definition television channels becoming increasingly available, the wireless system would be need to support the bandwidth required for High Definition channel transmission. The High Definition television channels need 20Mbps, so a couple wireless technologies can be taken into consideration. IEEE 802.11g operates at the 2.4 GHz band and has a rated bandwidth of 54Mbps exclusive of error correction. The actual throughput may possibly be less than 20Mbps depending on interference, which would make IEEE 802.11g implementation improbable. IEEE 802.11n operates at both the 2.4GHz band and 5 GHz band and has a rated bandwidth of 300Mbps to 1Gbps exclusive of error correction. This implementation would have sufficient bandwidth for the transmission of not only one channel but also many channels simultaneously.

With the introduction of a wireless system, security is always a topic amongst debate. Concerns include wireless piggybacking and hacking. People living near customers may attempt television piracy or hack the wireless access point for malicious reasons. The current state of the art security procedure for IEEE 802.11n is Wi-Fi Protected Access (WPA2), which will be used for data encryption and protection. Encryption software can be easily updated as advancement in security algorithms are introduced.

Phase I: Various System Designs and Cost Analysis

· Concerns for each design

· Number of televisions watching separate channels per household

· Proximity of households

· Security

· Location


· Different System Designs and Concerns
· One satellite dish for one customer
· One satellite dish for multiple customers
· Location of the dish
· Location of the convertor boxes
· Maximum bandwidth allowed per household
· Payment methods
· One cable connection for one customer
· One cable connection for multiple customers
· Location of the cable box
· Maximum bandwidth allowed per household
· Payment methods

· Cost Analysis

· Market size

· Cost to implement

· Rates

· System comparison

· Projected savings

Phase II: Initial test of concepts

· Find a house which has a working satellite television connection

· If there is none, install the dish from Winlab at one of our homes

· Figure out how to successfully connect a laptop to the convertor box (TV tuner)

· Attempt to watch TV on the laptop

· Find a house which has a working cable television connection

· Figure out how to successfully connect a laptop to the cable box (TV tuner)

· Attempt to watch TV on the laptop

· Research how to stream video between computers

· Check for predesigned applications

· Check for compatibility with routers

· Look into implementing this with scripting language

· Test the streaming between computers on the Dish System

· Connect one laptop to the convertor box

· Wirelessly connect the two laptops

· Stream video to the second laptop

· Test the streaming between computers on the Cable System

· Connect one laptop to the cable box

· Wirelessly connect the two laptops

· Stream video to the second laptop

Phase III: Transceiver Options

· Select the specifications for the transceiver

· Wireless Card

· N band

· G band

· Understanding protocol

· Channel requisition

· RAM speed

· Programmable

· Research N Band

· MIMO

· Actual speeds

· Cost at present and future projected cost

· Indoor and Outdoor attenuation

· Investigate if there is a need for multiple convertor boxes

· Research other solutions for multiple channel filtering

Phase IV: Design and Implementation

· Construct or purchase the transceiver

· Two are needed – one for placement near the dish, the other by the TV

· Design and install necessary software

· Write software if applicable

· Configure transceiver and run basic diagnostic tests with laptops

· Testing the system with one TV

To test the system of sending channels wirelessly to the cable box, we will start of by using a wireless router g speed.  This has a throughput of 54 Mbps which is enough to send two HD channels without a problem since HD has a data rate of 20 Mbps.  It also has a range of 100 ft so it will work only in one house.  In addition, the router would be Linux firmware compatible because it adds the function of programming an application to what we want it to do.  That router would be the Linksys WRT54GL [3].  If this trial works, a move to the wireless n routers will be made to see if it can expand to several houses.

Wireless-N system


The reason to choose this type of router was the improved data throughput, channel size, higher modulation rates, and reduced overhead.  The 802.11n uses both 20 MHz and 40 MHz channels.
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With the 40 MHz channel, the top and bottom of the channel does not need to be reserved to avoid interference like the 20 MHz channel.  This allows the ability to carry more information while the 20 MHz channel will be used to separate the adjacent channels from interference.  When using the 40 MHz channel, the 802.11n increases the number of subcarriers to 108 which improves the data rate.  For one transmitter, the max data rate is 135 Mbps up to 540 Mbps with four transmitters.  To summarize, the benefits of 802.11n is reliability, predictable coverage, and better throughput.

MIMO (multiple input multiple output) Technology


A MIMO radio sends multiple radio signals at the same time takes advantage of multipath.  Each signal will have its own antenna and uses its own transmitter.  Since there is space between the antennas, each signal has its own path.  The receiver also has multiple antennas and its own radio.  Each receive radio can independently decode the signals and combine them together with some complex math calculations.  This results in achieving a better signal than with a single antenna.  This feature dramatically improves the signal to noise ratio and better flexibility.  MIMO systems are described by how many transmitters and receivers in the system.  For example, a 2x2 means there are 2 transmitters and 2 receivers.  Each added transmitter or receiver will dramatically increase the SNR.  This leads to the second benefit or MIMO which is the ability to use spatial stream to carry its own information therefore providing a dramatic increase in data rates.

According to the belkin router [2], it can have a range of 1600 ft in perfect conditions.  So we can assume it will work at a distance of 1000-1200 ft safely.  This is one of the options of n routers that can be used for this test process.

Digital Television Information

· Standard Definition TV uses a data rate of 4-7 Mbps. [4]

· High Definition TV uses a data rate of 25-27 Mbps. [4]
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