  Time Division Multiplexing (TDM)

A Practical Exercise       
            

     Name:________________



I. Purpose. 

The purpose of this lab is to investigate how multiple data signals are conveyed by a single Time Division Multiplexed (TDM) signal.

II. Background

Multiplexing is a process used to combine more than one signal into a single communications channel.  You will recall there are four basic kinds of multiplexing:

Frequency Division Multiplexing (FDM) – several signals share the bandwidth that is available; e.g., cable TV

Time Division Multiplexing (TDM) – several signals each get a short period of time to use the entire bandwidth of a communications channel; e.g., telemetry from satellites; telephone company, etc.
Spatial Division Multiplexing (SDM) – a combination of low power and highly directive antenna patterns keep signals from interfering with each other; e.g., satellite-to-earth downlinks   

Code Division Multiplexing (CDM) – a different code sequence is added to each of the data signals before they are added together to form a composite signal which is  transmitted; at the receive end, the code sequences are each subtracted from the composite signal and the original data streams are recovered; e.g., cell phones 

III. Lab Setup Scenario. 

The government of the People’s Suppressed Republic of North Korika (PSRNK) is conducting a test firing of their Long Range Ballistic Missile (LRBM).  Telemetry data from the missile is relayed back to the ground control station by means of a Time Division Multiplexed (TDM) signal. Signal X is a low data rate signal that gives an overall “snapshot” of the missile performance, including altitude, range, temperature, and fuel data, and it is not encrypted. Your ship (a DDG) is tasked to collect Signal X at a distance of 250 miles away from the missile launch.  Because of this distance, you may miss some of the initial data from the missile due to the line-of-sight nature of the telemetry signal being used by the PSRNK.  

If the receiving antenna on your DDG is 50 feet above the water, how high does the missile have to be before you have direct line-of-sight to it?  Use the following equation to find ht , the height of the transmitting antenna (i.e., the missile):


Distance (miles) = 
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where, distance = 250 miles   hr = 50 feet


[When you solve for ht , the units are feet, and there are 5,280 feet in a mile]











ht = __________ (miles)

The missile is scheduled to be launched on May 5th at 1205 GMT.  Unfortunately, the computer on board your DDG that was to be used to extract the data from the TDM signal was infected with a “denial of service” virus, named the “Cinco de Mayo” virus, which became active at 1200 GMT.  So just minutes before the launch, your data processing computer suddenly becomes worthless.  Your ship’s CO doesn’t want to fail in his data collection and reporting mission, so he asks your intercept team to process the TDM signal “by hand”.  Once the logic 1s and 0s are demodulated by the receiver, it is up to you to extract the altitude, range, temperature, and fuel data from the TDM signal and plot the results. 

Signal Structure

Here’s what you know:

Signals analysts at the Navy Information Operations Command (NIOC) have determined that Signal X has the following format:

1) the TDM signal starts with a “preamble”, which is a specific pattern of 1s and 0s

2) after the preamble, the signal consists of a number of frames of data; each 

        frame starts with a “frame synchronization bit”, followed by 4 sets of data

        bits (each set is 3 binary bits)

3) the final bit of each frame is a parity bit, used to check for data errors in that


frame

Details of the Signal Structure

Here is the specific signal information:

Preamble:  1111000011110000 

                             data frame 1       data frame 2       data frame 3       data frame 4

Signal pattern: 1…(data bits)…0…(data bits)…1…(data bits)…0…(data bits)… etc.


[The first bit of each frame is the “frame synchronization bit” and has a 1/0 alternating pattern]

Data Frame: 
bit 1 – frame sync bit

bits 2,3,4 – altitude information (miles)




bits 5,6,7 – range information (miles)

bits 8,9,10 – internal missile temperature ((C)

bits 11,12,13 – fuel remaining (%)


bit 14 – even parity bit (based on data bits 2 thru 13)

The beginning of a complete signal would look like this: 

(the frame sync bit is underlined for clarity)

         preamble

                                (sync bit             (sync bit             (sync bit             (sync bit

11110000111100001001010011100101110010010010111011010100100101100… etc.

                                                          ( parity bit          (parity bit           (parity bit

    

 altitude
       fuel





                      range
temperature

Figure 1.

The NIOC has put together the following chart which gives the breakdown of the data ranges:


	Data Bits
	Altitude (mi.)
	Range (mi.)
	Internal Temp ((C)
	Fuel Remaining (%)

	001
	0 - 30
	0 - 100
	< 0
	0 - 10

	010
	30 - 60
	100 - 200
	0 - 10
	10 - 25

	011
	60 - 90
	200 - 300
	10 - 20
	25 - 40

	100
	90 - 120
	300 - 400
	20 - 30
	40 - 55

	101
	120 - 150
	400 - 500
	30 - 40
	55 - 70

	110
	150 - 180
	500 - 600
	40 - 50
	70 - 85

	111
	180 - 210
	600 - 700
	> 50
	85 - 100


Figure 2.

Here’s an example of how you would interpret a frame of data.  Let’s say that a frame looks like:


1 0 1 1 1 0 0 0 1 0 1 0 0 1

Here is the analysis of this frame:

              frame sync bit                        parity bit (this “1” makes the number of 1s in the data frame an 

                                                                even number, not including the sync bit)             

1 0 1 1 1 0 0 0 1 0 1 0 0 1    


                                                100 - fuel remaining ( 40-55 %

                                                010 – internal temperature ( 0-10 (C












     from Figure 2

                                                        100 – range ( 300-400 miles

                                                         011 – altitude ( 60-90 miles                                           

IV. Lab Procedure

Unfortunately, the initial part of your intercepted signal was unintelligible because of the fact that your DDG is beyond the line-of-sight range.  So, your intercepted signal is missing the preamble and some number of data bits (possibly whole frames of data).  Also, when the missile flight is over, the data stream will stop abruptly. 

You receive the following signal:

                                     ( 

                                     100110011100010001101111110110011101101010001011010

1011010101011000011001010010011111011011011101110110100110111010000101

0101011000011101110010101000110011110011001110101111000010000111110000

10100

Step 1

You have to first determine where the sync bits are so you can find the data bits and demultiplex them.

One way to find the sync bits is to do the following:


1) You know there are 14 bits in a frame: 1 sync bit, 12 data bits, and 1 parity bit.  

2) Starting with the first bit you get from the receiver, carefully put the bits in the Figure 3 matrix with 14 bits in each row.  Fill the matrix left to right, row by row. Start with row 1, column 1. This has been done for you below.

3) Look down each column of the matrix for an alternating 1/0 pattern.  This will 


    be the position of the sync bit.  

4) the first 3 bits following each sync bit will be the altitude data; the next 3 bits 

    will be the range data, etc. 
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Figure 3.
Step 2
Mark the sync bit column with an “S” at the top of the column.   The column immediately to the left of the sync column is the parity bit column.  Mark this column with a “P”. (See Figure 4).
Step 3

Once you find the first sync bit received, there may be some valid data bits preceding the sync bit which can be recovered from the previous frame.  For example, say that you have determined that the 10th column is the sync bit column, and that the first row in Figure 3 looks like Figure 4 (with the parity and sync columns marked appropriately):
                                                                                              P    S

	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	1


                                    1     2     3      4     5     6     7     8      9    10    11  12    13   14
Figure 4.
From Figure 4, you can see that the “100” in columns 6, 7, and 8 – preceding the parity bit – represents the fuel data from the previous incomplete frame, and the “110” in columns 3, 4, and 5 represent the temperature data from the previous frame.  The “10” in columns 1 and 2 are 2 of the 3 bits of range data, so this is incomplete information and can’t be plotted.  But the temperature and fuel data can be plotted as the first data points in Figures 8 and 9, respectively.  The first data points in Figures 6 and 7 would then be left blank (for this example). 

Step 4

You will find it helpful at this point to copy the information in Figure 3 into Figure 5, with the first sync bit received placed in row 2, column 1, so that each row of Figure 4 represents a complete frame of data. (Have someone read the data while you transcribe it. Work in pairs.)

                            

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	





Figure 5.

Question

Do all of the parity bits give even parity to each frame?   YES    NO 

(An answer of “yes” would suggest that no single errors were made in a data frame, while an answer of “no” suggests that you should expect an error in that frame.) 

Step 5

Now that the sync and parity bits are identified, you can proceed with demultiplexing the altitude, range, temperature, and fuel data, and plot the information in Figures 6 thru 9.  










Figure 6.









Figure 7.










Figure 8.










Figure 9.

Question

You should have noticed that one of the parity bits indicated an error in the data.  It should be somewhat obvious from the graphs where the data error is.  Where is it?

_____________________________________________________________
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write the altitude binary data values in these spaces
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write the range binary data values in these spaces
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write the temperature binary data values in these spaces
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write the fuel binary data values in these spaces
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