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This lab will use the communications transponder on PCSAT-1, ANDE or GO-32 as an exercise to observe TDMA channel access methods using the AX.25 protocol.
Introduction:  Communications are fundamental to all spacecraft, either as the primary Command, Control/Telemetry system or as a primary payload for communications support to ground users.  So far, you have investigated the Link Equation and Antennas and as background you also looked at transmission lines and how they support or impact antennas and spacecraft design.  In subsequent labs you will look at Transmitters and Receivers.  These elements, Antennas, Transmission lines, Transmitters and Receivers are what constitute the Link Equation and are all you need to have a viable communications link.

Channel Access Protocols:  However, if the primary mission of the communications hardware is to support communications links to multiple users on the ground, then the link equation alone does not tell the whole story.  In this case, there has to be some kind of access sharing protocol to equitably share the resources amongst the users and avoid mutual destructive interference.  Individual ground stations cannot hear each other and so cannot avoid collisions or jamming of each other unless there is sharing protocol.  Channel access sharing protocols fall into two major categories.  Time Division Multiple Access (TDMA) and Frequency Division Multiple Access (FDMA).  
TDMA:  In TDMA, users transmit in bursts and share the transponder in the Time domain, a slice at a time.  During each station’s slice, he can use whatever power he needs on the uplink without interfering with anyone, and his downlink slice gets the full power resources of the satellite for that instant.    This has obvious advantages for the Link Equation and is one of the primary advantages of digital TDMA.  Notice that signals have to be digital so that they can be chopped up into slices and multiplexed together.  The PCSATs and ANDE and GO-32 transponders are TDMA systems.

FDMA:  In FDMA, the transponder simply translates a slice of the radio uplink frequency spectrum into a comparable downlink slice of spectrum and each user can use a different frequency within that bandwidth of spectrum.  Each user can have access to his slice full time but since their signals are all coming down at the same time, they must share the overall power of the spacecraft system.  In open systems, one powerful user can saturate the transponder and cause a reduction in power to all other users.  Such open systems are hard to manage unless all users can be controlled.  The UFO and FLEETSAT constellations are FDMA systems and users are given specific power limits.  We will explore an FDMA system in a later lab.
The ALOHA Channel:
The USNA PCSATs, RAFT,  ANDE, and GO-32 can all transmit short 1 second or less packets periodically using the AX.25 packet radio protocol.   Packet radio is the name for “bursty” types of data exchange where many stations can share a channel or transponder in the time domain (TDMA).  There are many TDMA schemes including IP as used on the internet.  These schemes can be complex with precise timing for each station, or as simple free-for-alls with each station transmitting at will and hoping to avoid a collision.  
The first such simple network was developed at the University of Hawaii in the 60’s and was called the Aloha Net.  It has been shown that the optimum throughput of an Aloha type net is about 18% of channel capacity.  As more users load the channel, the increasing collisions cause successful throughput to drop off.  At 1200 baud (8 bits per character) and one second packets, what is the theoretical channel capacity in characters per second?  ______    In packets per minute?  __________.  What is the Aloha packet capacity? ____.   How many Aloha users per footprint can a 1200 baud satellite channel serve in a 15 minute pass if everyone transmits one second every 5 minutes?  ________.
Carrier Sense Multiple Access:   CSMA is the first improvement on pure Aloha networks.  Using CSMA, all stations are supposed to listen before transmitting and avoid transmitting if the channel is busy.  This immediately doubles the throughput to 36% of channel capacity.  What would be the PCSAT-1 channel capacity using CSMA in packets per minute?  ________.  Notice that this assumes that the uplink channel to PCSAT-1 and downlink channel are independent.  This means FULL DUPLEX. 
We can express the successful number of packets (NP) and the Channel Capacity (CC) in packets per minute and Channel Success Rate (CR in percent) as 

NP = CC * CR
The SIMPLEX Channel:   There are several other mitigating considerations on the transponder channel of the PCSATs or ANDE.  First is the fact that they operate SIMPLEX.  This means the transponder digitally repeats the data (digipeats) back down on the same channel as the uplink.  While the transponder is transmitting a relayed packet, no user packets can be heard. Thus, the actual capacity would appear to be cut in half since two packet times are used for each packet.  But remember that the transponder only relays “successful” packets and not all of those that are transmitted by users, so only the successful CSMA packets take double slices.  Now the relationship would be 
NP + NP * CR =  CC * CR

Solve for NP.  How many packets would get through for a 36% CSMA transponder in this simplex case? ________ What is the effective channel rate of this system? ________%.  Think of an advantage to using such a simplex system (operating both the uplink and downlink on the same frequency)? ____________________________________________________________________.
The Hidden Transmitter Problem:    The 36% theoretical throughput of CSMA  also assumes that all ground users can hear each other so that CSMA will work properly.  They cannot.  In fact, none of the users in a simplex satellite relay system can hear each other so even with CSMA, only the basic ALOHA channel capacity can be obtained for uplink packets.   This is called the classic Hidden Transmitter Problem and it impacts all diverse networks where not all users can hear all others in real time.  This is why satellite networks usually have some additional forms of channel access sharing to make TDMA systems via satellite work better than the 18% Aloha rate.

Hold-off algorithms:  Fortunately, all users can hear the satellite when it transmits so that they can avoid transmitting when the simplex satellite is busy.   But if the satellite transmits too long, then multiple users all hold off until the channel clears and then they all try to transmit at once.  This virtually guarantees more collisions.   To avoid this, such systems add randomness algorithms to their hold-off delays to spread out the access to the channel when it clears.  There is an additional delay called TXD that puts a delay between the time the transmitter is keyed before the data is transmitted to allow the transmitter to get up to full power.  The default for most transmitters is 300ms.  But PCSAT and ANDE can operate with as little as 100 ms TXD.  For a typical packet, how much overhead does this add to the packet? ______.
The AX.25 Packet Protocol:   AX.25 is a high level protocol that treats packets as discrete quantities of information.  Each packet has a header with FROM and TO address information to get it through the network to the end user as well as a checksum to guarantee error free reception.  The format of a packet is as follows:

FROMCALL>TOCALL,PATH: data field ……. [FCS]
Here the FCS is the frame check sequence to allow the recipient to determine if all bits in the packet have been received error free.  It is stripped off at the received modem level since its job has been performed at that point.  The path field can contain other station callsigns that may be used as RELAYS for the data.  In this case, a typical packet from the Coast Guard Academy might be:

W1CGA>APRS,4XTECH: Good morning everyone from the USCGA! [FCS]

4XTECH>BEACON: T#123,111,222,333,444,555,1010101

W1CGA>APRS,4XTECH:=3859.11N/07629.11W our position in New London!

The callsign of GO-32 is 4XTECH.  The format of the data in the data field only has to be understood by the sender and receiver, so these packets are completely flexible in transmitting any data.  Above are shown a user message, then some GO-32 telemetry and finally a user position report.  To complement the communications mission of our satellites, we defined a variety of standard formats (APRS) for data so that all users can understand everyone else’s data.  During this live PCSAT or GO-32 operation, we should see lots of positions and telemetry and messages.  For this experiment, today, we have asked users to include their name, TX power, antenna gain, and reporting rate so that we can analyze their effectiveness.
Global PCSAT Ground Station Network:  PCSAT-1 and ANDE operate as simplex relays with both the uplink and downlink on VHF 145.825 MHz.  This makes them ready to operate as a node in a multi-satellite constellation.  But as single satellites they not only can relay instantly between all users in the footprint, but also it can link messages into and out of the footprint anywhere on the globe via volunteer real-time internet linked automated ground stations as shown in the following figure.  You can see this global downlink capture on the web page http://pcsat.aprs.org .
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GO-32 TECHSAT-1B:  This satellite normally operates cross-band full-duplex as a file store-and-forward system.  Users communicate via uplinked and downlinked files in a Bulletin Board System.  Recently they have added the APRS style real-time transponder mode, and we will use this transponder during this lab since it is the only satellite in view during our lab.

OPERATIONS:  The next diagram shows how we will configure our ground station to operate during this special event.  My car will be around Dewey Field as a simple mobile uplink station.  The station on the left of the console will be our main transmit station with 50 watts and a 3 dBi gain antenna.  Our station in the middle of the console will be station number 1 with our best 13 dBi gain rreceive tracking antenna.  To its right will be downlink station #2 with a smaller 10 dBi beam antenna. 
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The main ground station system will be connected to two monitors.  One parses and displays the PCSAT-1 telemetry and is used for command and control.  The other will parse and display all user APRS packets and positions.  A third PC serves as the Internet gateway to the global system.  A typical APRS plot is shown below.  This particular one shows a two-satellites-in-view opportunity where user-to-satellite-to-satellite-to-user communications were possible.
[image: image1.png]@’ ., PCSAT2 ANDE — snnzx%

e RAFT
a TECHSAT-1B
PCsat

T co32
60080

« Cormmon VHFAVHE, VHF/UHE, UIHEAHF
« Global connectivity

« Overthe Horizon links

« 2.3 0r4 hops extended range

« Joint operations (4x 5 or 24 passes per day)
« Cortinuity of service





The following web pages and resources are available to assist you:

Live data:      http://pcsat.aprs.org
GO-32 page: http://www.ew.usna.edu/~bruninga/GO32-ops.html
ANDE page: http://www.ew.usna.edu/~bruninga/ande-ops.html
PCSAT-1:     http://www.ew.usna.edu/~bruninga/pcsat.html
Laboratory Report:  This lab introduces a series of three communications series of labs that will include Receivers and Transmitters over the next two sessions.  Your observations from this satellite communications exercise will be incorporated into that report.   All o f the packets during this pass will be captured to a text file.  You will take this file and do a detailed analysis of what happened.  Answer these questions or make any other appropriate observations:
1) How many different stations were logged onto the GO-32 File Bulletin Board System?

2) How many transmitted packets via GO32?

3) How many total packets?
4) Did any stations send the requested info on TX Power, Antenna Gain and Transmission Rate?
5) Of those sending POWER, GAIN and RATE info, accumulate  the HEARD statistics for all "2 minute stations" and again for all 5 minute stations.

6) For the duration of the pass and total number of one-second successful packets, estimate the effective TDMA channel loading. 

7) From #5 and assuming that an 18% Aloha channel rate is the optimum channel loading, how many more packets could we fit onto the  channel and still be below the 18% rate?
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