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CHAPTER 12.  DATA BURST EXAMPLES

12.1    INTRODUCTION
12.1.1ADVANCE \r12Care has been taken in this manual to define each burst component as exactly as possible. Nevertheless, there may be some ambiguity as to the order in which the different pieces are assembled and the order of the bits (or symbols) within the pieces. To help remove such ambiguity, an example of a particular downlink V/D (data) message is provided. Such a message contains all types of burst components including a synchronization sequence, a Golay code word and a Reed Solomon (RS) code word.

12.1.2ADVANCE \r12It is assumed for the sake of this exercise that a data frame comprising exactly 62 bytes (octets) of information is being sent. This means that the entire message consists of one, and only one, burst. It is also assumed that the aircraft radio making the transmission is connected to a ground site whose Ground Station Code (GSC) is 010.

12.1.3ADVANCE \r12Throughout this chapter, numerous examples of bit or symbol sequences are presented in tabular form. These are always read from left to right, and then from top to bottom (exactly as one would read this text). Ultimately, the information is transmitted in this left-to-right fashion. For all MAC sub-layer and physical layer processing, the most significant bit (MSB) of any field is placed to the left and the least significant bit (LSB) is placed to the right.

12.1.4ADVANCE \r12The different components of a burst will be treated separately in the following paragraphs. Then the pieces will be put together, and the further processing needed to create the final Differentially encoded 8 Phase Shift Key (D8PSK) transmission will be described.


12.2    POWER STABILIZATION

It is assumed that every burst begins with a sequence of three symbols with information 000. The purpose of this sequence is to provide a more or less constant signal to allow a receiver’s Automatic Gain Control (AGC) to stabilize prior to receiving the first symbol of the synchronization sequence. This corresponds to the 9-bit sequence shown in Figure 12-1.

	0
	0
	0
	0
	0
	0
	0
	0
	0


Figure 12-1. Power stabilization sequence

12.3    SYNCHRONIZATION SEQUENCE

The synchronization sequence for all V/D (data) bursts is S2 (as described in Chapter 3, 3.2), which is shown in Figure 12‑2.
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Figure 12-2.  Synchronization Sequence


12.4    HEADER

As described in Chapter 2, 2.2, the V/D (data) header has the following format:

{(Message ID:3)(Ground Station Code:3)(Segment Number:4)(Spare:1)(EOM:1)}

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



In this case the fields have the following values:

Message ID =

  101
Downlink data

GSC =



  010
By assumption

Segment Number =
 0001
Data frame is one burst long

Spare =



0

All spare bits are set to 0

EOM =



1

Data frame is one burst long

Thus, the header for this particular burst is:

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


This header is protected by a (24,12) Golay code which can be implemented by multiplying the previous 12-element vector by a particular 12 x 24 matrix to yield Figure 12-3. Note that in this case the Golay parity bits are affixed ahead of the original header bits.

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


Figure 12-3. Golay coded header sequence

12.5    DATA FRAME
For this example it is assumed that the data frame being sent from air to ground ahs the following content (in hexadecimal notation):

	AA
	AA
	A5

	81
	00
	1A

	82
	F0
	00

	16
	00
	01

	57
	02
	03

	01
	03
	52

	01
	05
	53

	02
	00
	B4

	54
	02
	00

	14
	03
	00

	04
	00
	

	

	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The first two rows contain the frame header information, and the remainder is 26 bytes of User Data.  At this point the ICAO address (first row) has not been combined with the Frame Check sequence.  The interpretation of the header information is as follows:


ICAO Address 

101010101010101010100101


Address Type


001 = Frame transmitted by specified aircraft


Toggle Bit (T)


0


More Frame (MF)

0


Frame Type


001 = CTRL_CMD (Control Command)


Ground Subnet Address
000000


Data Length


0000011010 = 26 bytes

(Note that for the Address Type field the MSB is the third bit instead of the first one.)

The 26 bytes of user data have the following significance:

82

General Identifier (ISO 8885)

F0

Private

00.16

Format Length = 22 bytes

00.01.57
Private Parameter Set ID = W (VDL Mode 3 Private)

02.03

Network Initialization Parameter (3 subnetwork types)


01.03

Compressed 8473 (3 subparameters)



52.01.05

CT1 = 5



53.02.00.B4

CT2 = 180



54.02.00.14

CT3 = 20


03.00

Uncompressed 8473/9542 (no subparameters)


04.00

Raw (no subparameters)



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


12.6
BIT STUFFING AND FRAME CHECK SEQUENCE
12.6.1
The next stages in the construction of a message are bit stuffing and the addition of the Frame Check Sequence (FCS).  Bit stuffing is a simple process of adding enough zeros at the end of the message so that the message contains exactly 62 bytes.  The FCS is a 24-bit sequence generated using the CRC-24Q polynomial, computed over the entire frame.  The polynomial used is as follows:

x24+ x23+ x18+ x17+ x14+ x11+ x10+ x7+ x6+ x5+ x4+ x3+ x+1

For the particular bit sequence of the previous section the FCS is given by


000111011110011000101010 = 1DE62A

The FCS is overlaid on the 24-bit ICAO Address with an exclusive-OR operation.

12.6.2
The result of bit stuffing and the FCS overlay is as follows:

	B7
	C4
	8F

	81
	00
	1A

	82
	F0
	00

	16
	00
	01

	57
	02
	03

	01
	03
	52

	01
	05
	53

	02
	00
	B4

	54
	02
	00

	14
	03
	00

	04
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	


12.7
BIT SWAPPING AND RS ENCODING
12.7.1
The next phase of the message generation process is bit swapping.  This step is necessary because the bottom layers of the protocol stack use an interpretation of MSB and LSB that is reversed from that used in the higher layers.  Thus, the previous 62-byte block becomes the following:

	ED
	32
	F1

	81
	00
	58

	41
	0F
	00

	68
	00
	80

	EA
	40
	C0

	80
	C0
	4A

	80
	A0
	CA

	40
	00
	2D

	2A
	40
	00

	28
	C0
	00

	20
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	



12.7.2
The RS encoding process generates 10 bytes of parity information.  For the input above, the parity bytes are (6A, 46, B2, 9F, 1C, EE, B3, 25, EB, F4).  These are affixed to the end of the data.  Thus, the entire 72-byte RS word is as follows:

	ED
	32
	F1

	81
	00
	58

	41
	0F
	00

	68
	00
	80

	EA
	40
	C0

	80
	C0
	4A

	80
	A0
	CA

	40
	00
	2D

	2A
	40
	00

	28
	C0
	00

	20
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	00

	00
	00
	6A

	46
	B2
	9F

	1C
	EE
	B3

	25
	EB
	F4


This is expressed in terms of bits in Figure 12-4.

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

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

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

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

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


Figure 12-4.  Reed-Solomon Coded Data Sequence


12.7.3
It should be emphasized that the purpose of the RS encoding and decoding process is to ensure that the 496 bits of data carried by the burst are delivered as reliably as possible from the Data Link Service (DLS) sublayer of the transmitter to the DLS sublayer of the receiver.  The fact that the RS coder and RS decoder interpret these bits as a sequence of 62 bytes with the MSB on the left does not have any relevance at all to how these bits may be interpreted by the upper layers of the transmitting and receiving protocol stacks.




12.8    BIT SCRAMBLING 

12.8.1
The payload of every VDL Mode 3 burst is subject to bit scrambling. Bit scrambling consists of bit-by-bit modulo 2 addition with a particular sequence of bits. The sequence is part of an m-sequence defined by the characteristic polynomial
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Equivalently, the sequence is defined by the recursion relation
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[image: image5.wmf]
with a seed (s(1),s(2), (s(15)) equal to (1,0,0,1,1,0,1,0,1,0,0,1,0,1,1). The scrambling bits are then given by s(16) through s(615) as shown in Figure 12-5. This 600-bit sequence is fixed, and every burst is scrambled using this same sequence. The V/D (data) and normal V/D (voice) bursts are the longest ones, and they use all 600 bits in the sequence. Other types of  VDL Mode 3 bursts are shorter, and they use only as many of the scrambler bits as are needed, starting at the beginning of the sequence.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Figure 12-5. Bit scrambler sequence

12.8.2  In the case of the current example, the payload consists of the header plus the RS‑encoded data as shown in Figure 12-6. When the payload and the scrambling sequences are added together, the result is shown in Figure 12-7.  Note that, while the original bit sequence (Figure 12-6) has a preponderance of ZEROs (117 ONEs and 483 ZEROs), the scrambled sequence (Figure 12-7) seems to be more “random” (302 ONEs and 298 ZEROs).
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Figure 12-6.  Payload Sequence
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Figure 12-7.  Scrambled Payload





12.9    PHASE CHANGE SEQUENCE
The final sequence of the previous section is nearly ready to be translated into a sequence of phase changes for the D8PSK modulator. However, prior to that step the power stabilization and synchronization sequences must be added to the head of the transmitted bit stream. When this is done, the result is as shown in Figure 12-8. 
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Figure 12-8. Bit sequence before phase change
This sequence is finally in a form which can be used to generate a sequence of phase changes. This is done by dividing the bit sequence in groups of three (e.g. yi(1), yi(2), yi(3)) and using a look-up table which maps 3-bit symbols into phase changes. For convenience the phase changes are described in terms of a sequence of xi as follows:
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where the angle change, 
[image: image9.wmf]D

j

i

, is measured in radians. In this notation, the table is given by Table 12-1. Note that this table can also be expressed as a simple equation. Using the same notation, xi is given by
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where the symbol 
[image: image11.wmf]Å

 represents modulo 2 summation and the symbol + represents ordinary summation.
Table 12-1. Data encoding

	yi(1)
	yi(2)
	yi(3)
	xi

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	1
	2

	0
	1
	0
	3

	1
	1
	0
	4

	1
	1
	1
	5

	1
	0
	1
	6

	1
	0
	0
	7


Figure 12-9 shows the sequence of phase changes in this notation. The first row is the power stabilization component. The next two rows comprise the synchronization sequence. The next row is the header and the remaining 24 rows are the RS data word.
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Figure 12-9. Phase change sequence

12.10    PHASE SEQUENCE
The sequence of phase changes derived in the previous paragraph can be converted into a sequence of phases by summing all the xi up to a particular point. The final sequence is given by Figure 12-10 (assuming that the starting phase is zero radians). If the numbers in the figure are labelled zi, then the sequence of phases is given by
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where
 the angle, 
[image: image13.wmf]j

i

, is given in radians.  This sequence defines the trajectory of the complex waveform as it passes through the space of I and Q.  In other words, these angles define specific sequences of (I, Q) pairs, which are passed through appropriate Nyquist filters to generate the waveform that is sent to the radio’s modulator.  
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Figure 12-10.  Final Phase Sequence

-  END -

�Editors Note:  Delete the empty rows.  Only left to illustrate deletion


�Word conversion failed at this point.  I cannot determine what the original text was, although I suspect little change to the text.  The contents of the Figure12-10 should be updated.
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