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1.  SCOPE

1.1  SCOPE.  This Standard defines the content and code structure for all variants of the Multiple Integrated Laser Engagement System (MILES).  It shall apply to all future MILES equipment and to all equipment having communication interface with any MILES equipment.

2.  REFERENCE DOCUMENTS

2.1  Government Documents.  The following Government approved documents form a part of this Standard to the extent specified herein.

XEOS Document No.  2350-AD-227
Volume I, Training Engineering Report

29 May 1980



      (Final) for MILES:  Section 5, Coding

Revised 22 April 1981

      Decoding and Threshold Setting







Analysis

3.  REQUIREMENTS

3.1  BASIC MILES CODE.  The BASIC MILES CODE shall be in accordance with XEOS Document No. 2350-AD-227, Volume I, Section 5 (refer to Appendix A (contained herein) and as follows:


3.1.1  CODE STRUCTURE.  The BASIC MILES code structure shall consist of code words each having a unique bit pattern listed in Appendix B.


3.1.1.1  BASIC MILES CODE WORD.  The BASIC MILES code word shall be composed of 11 bits with a weight of 6 bits always equaling logic "1" and the remaining five bits always equaling logic "0".


3.1.1.2  BASIC MILES CODE WORD IDENTIFIER.  The BASIC MILES code word identifier shall be the first three bit positions (D0, D1 and D2), reading a BASIC MILES code word from left to right.  In all cases, the BASIC MILES code identifier bit pattern shall be "1 1 0".


3.1.1.3  BASIC MILES CODE BIT POSITION TIMING.  BASIC MILES code bits shall be synchronized in time to the leading edge of the first bit of the BASIC MILES code word identifier specified in 3.1.1.2.


3.1.1.4  BASIC MILES BIT INTERVAL.  The leading edges of two successive BASIC MILES code bit positions shall occur at a 3KHz +/- .015% rate (333 microsecond intervals).


3.1.1.5  BASIC MILES WORD INTERVAL.  The time interval required to complete one BASIC MILES code word is 3.667 milliseconds.  Refer to Figure 1 for an illustration of the 105mm gun BASIC MILES code word (Code #12).
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3.2  MILES SYSTEM DECODE SAMPLING SCHEME.  The MILES system decode sampling scheme specified as follows shall apply to all MILES training devices.  The time interval between successive BASIC MILES code word bits shall be divided into sixteen sampling BINS numbered by convention 1 to 16 with BIN 1 always being occupied by a BASIC MILES code bit (logic "0" or logic "1").  Refer to Figure 2.


3.2.1  MILES SYSTEM DECODE SAMPLING RATE.  The MILES code decode sampling rate shall be 48 KHz, sixteen times the 3KHz bit position time slot generation rate.  Refer to paragraph 5.4 of Appendix A contained herein.  The result of the sampling is to divide the time between two successive BASIC MILES code word bits into sixteen sampling BINS each being approximately 20.8 microseconds long.


3.2.2  DECODE SAMPLE BINS PER MILES SYSTEM CODE WORD.  Every MILES system code word shall consist of one hundred and seventy six decode sample BINS evenly distributed among the eleven BASIC MILES code word bits as specified in 3.2.1.


3.3  STANDARD MILES PLAYER IDENTIFICATION CODE.  The Standard MILES Player Identification (PID) Code, shall consist of the BASIC MILES code words specified herein interlaced with any one of the PID code bit patterns listed in Appendix C.  Refer to Figure 3 for the example of BASIC MILES Code #12 and PID #211.


3.3.1  STANDARD MILES PID CODE STRUCTURE.  The Standard MILES PID Code word is composed of eleven bits with a weight of four bits always equaling logic "1" and the remaining equaling logic "0".  Each player identification number, ranging from 1 through 330 inclusive, shall be uniquely assigned to a PID code bit pattern as listed in Appendix C.


3.3.2  STANDARD MILES PID CODE BIT POSITION TIMING.  Each Standard MILES PID Code bit shall be inserted into the corresponding BASIC MILES code slot decode sampling BIN number eight.  The position of a Standard MILES PID Code word bit shall occur 167 microseconds after the leading edge of the previous BASIC MILES bit time slot.  This produces a BASIC MILES CODE set with 330 PIDs per BASIC MILES code word interlaced within the BASIC MILES code word.


3.4  ENHANCED MILES PID CODE STRUCTURE.  The Enhanced MILES PID Code words shall consist of a BASIC MILES code word selected from Appendix B with one of 330 Standard PID bit patterns selected from the list in Appendix C interlaced in either MILES system decode sample BIN 6 beginning 125 microseconds after the leading edge of the previous BASIC MILES bit time slot or BIN 8 beginning 167 microseconds after it.  This provides a total of 16*330 = 5280 unique code bit patterns per BASIC MILES code word with a total logic "1" weight of ten per word.  Refer to Figure 4 for the example of BASIC MILES Code word = 12 with Enhanced MILES PID #A211 (A is hexadecimal).
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3.5  ENHANCED MILES PID CODE PARTITIONING.  The Enhanced MILES PID Code shall be partitioned in accordance with Appendix D herein.  This will preserve the decoding of BASIC MILES code and Standard MILES PID portions of the Enhanced MILES PID Code.  (Refer to Appendix B and Appendix C and paragraph 5.4 of Appendix A herein.)

APPENDIX A

SECTION 5

CODING, DECODING, AND THRESHOLD SETTING  ANALYSIS
5.1  CODE FUNCTIONS
MILES is a communication channel in which the ability to successfully transmit a message to an adversary simulates the ability to kill, hit or near-miss him.

The ability to successfully complete the transmission of the message is significantly affected by the code set structure, message format, decoding method, and threshold setting of the detector.  Conversely, the ability to avoid false message reception is affected by the same factors.  This section then addresses these aspects of the MILES system design.

The functions of the MILES code are as follows:


1.  Discriminate between weapon types with high reliability;


2.  Extend weapon simulator range in the presence of adverse 
  
    atmospheric conditions;


3.  Reject random false signals;


4.  Simulate missile tracking requirements;


5.  Shape the kill zone profile vs range to more accurately 
  
    simulate weapon effectiveness.

5.2  CODE FORMAT

Figure 5-1 shows the code format.  Each "word" is made up of eleven code slots containing six pulses and five empty slots.  The word length is defined as eleven and the word weight as six.  The slots appear at a repetition rate of 3.0000 KHz +/- 0.015 percent.

The accuracy of the transmission frequency is critical since the receivers are not synchronized, but are crystal controlled.  Section 5.4 treats the accuracy requirement.

A "message" (simulating a single round in non-missile cases) is made up of K armor-kill words followed by M man-kill words followed by N near-miss words.  Table 5-1 shows values for code format parameters for various MILES weapons.

TABLE 5-1 MILES CODE PARAMETERS

	WEAPON
	ARMOR

KILL

CODE NO.
	NUMBER OF

ARMOR KILL

WORDS

K
	First Delay

U
	Man

KILL

CODE

NO
	NUMBER OF MAN KILL WORDS

M
	SECOND DELAY

U
	NEAR MISS

CODE NO.
	NUMBER OF NEAR MISS MODE
	DRY FIRE

FIRING RATE (rpm)
	BASIC LOAD OF AMMO
	BURST LIMIT DRAY FIRE

	
	
	
	
	
	
	
	
	BLANK FIRE MODE        
	DRY FIRE MODE
	
	
	

	
	
	
	
	
	
	
	
	AUTO
	SEMIAUTO

OR LAST

AUTO ROUND
	AUTO
	SEMI

AUTO
	
	(DRY FIRE ONLY)

	M16 ALL
	
	0
	0
	27
	4
	479-542*
	29
	`20**
	128
	20
	128
	678
	210
	30

	M60
	-
	0
	0
	27
	4
	479-531*
	29
	`20**
	128
	20
	-
	678
	600
	30

	M2
	-
	0
	0
	24
	4
	479-531*
	29
	`20**
	128
	20
	-
	678
	1200
	30

	M85
	-
	0
	0
	24
	4
	479-531*
	29
	`20**
	128
	20
	-
	678
	1200
	30

	VIPER
	15
	8
	479
	27
	128
	510
	28
	-
	-
	-
	128
	6
	4
	-

	60
	04
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	30
	75
	-

	81 mm
	04
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	99
	-

	4.2 inch
	04
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	10
	88
	-

	2.75 Rocket
	14
	8
	500
	27
	128
	500
	28
	-
	-
	-
	4
	116
	76
	-

	105 mm (XM1)
	12
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	60
	-

	90 mm
	17
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	60
	-

	105 mm
	12
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	63
	-

	120 mm
	16
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	53
	-

	152 mm
	13
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	6
	20
	-

	120 mm (XM1)
	16
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	12
	50
	-

	8 inch
	18
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	2
	99
	-

	105 howitzer
	18
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	3
	99
	-

	Maverick
	01
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	2
	4
	

	Chaparral
	25
	8
	500
	27
	128
	500
	28
	-
	-
	-
	128
	4
	12
	

	Grenade (40 mm)
	19
	24
	500
	27
	128
	500
	28
	-
	-
	-
	8
	100
	99
	

	Coax (7.62 mm)
	-
	
	0
	27
	4
	500 or 833
	29
	-
	
	
	20
	650
	1800
	

	Coax (7.62 mm)
	-
	0
	0
	27
	4
	500 or 833
	29
	-
	
	
	20
	650
	4900
	

	Coax (7.62 mm)
	-
	0
	0
	27
	2
	500 or 833
	29
	-
	
	
	20
	750
	9900
	

	7.62 mm Minigun
	-
	0
	0
	27
	4
	500 or 833
	29
	-
	
	
	4
	2000
	2000
	

	Bushmaster (25 mm)
	-
	0
	0
	21
	2
	500 or 833
	28
	-
	
	
	22
	650
	900
	

	20 mm Vulcan
	-
	0
	0
	23
	2
	500 or 833
	29
	-
	
	
	14
	1000
	1100
	

	20 mm Vulcan
	-
	0
	0
	23
	2
	500 or 833
	29
	-
	
	
	3
	3100
	1100
	

	20 mm Vulcan
	-
	0
	0
	23
	2
	500 or 833
	29
	-
	
	
	1
	5400
	1200
	

	23 mm ZU23-4
	-
	0
	0
	22
	2
	500 or 833
	29
	-
	
	
	2
	4000
	1800
	

	30 mm GAU-8
	-
	0
	0
	21
	2
	500 or 833
	28
	
	
	
	6
	2000
	1400
	

	30 mm GAU-8
	-
	0
	0
	21
	2
	500 or 833
	28
	
	
	
	2
	4000
	1400
	

	30 mm (AH) XM-188
	-
	0
	0
	21
	2
	500 or 833
	28
	
	
	
	6
	2000
	600
	

	Hellfire
	02
	Firing sequence.  Refer to Subsection 5.2 Code Format
	27
	128
	0
	-
	
	
	
	-
	4
	16
	

	TOW
	07
	
	
	27
	128
	0
	-
	
	
	
	-
	4
	12
	

	Shillelagh
	07
	
	
	27
	128
	0
	-
	
	
	
	-
	4
	9
	

	Sagger
	03
	
	
	27
	128
	0
	-
	
	
	
	-
	4
	4
	

	Dragon
	08
	
	
	27
	128
	0
	-
	
	
	
	-
	4
	4
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In many case K, M, or N are zero.  If the armor kill code is one of those decoded by the man-worn laser detector, there is no need for the M man-kill words.  If the weapon kills men only and has zero armor effectively, then K is zero.  In the case of missiles, near miss is detected by insufficient tracking time on the target; thus N is zero in each missile message.  A separate man-kill message is then added after the regular missile sequence.

There are small delays between the groups of word types to avoid jamming in the Boolean union decoder (discussed in Section 5.4).  Within each group of like words, there is no delay required due to cyclic inequality of the code set (discussed in Section 5.3).

TOW and Shillelagh missile tracking sequences are simulated by a sequence of 32 messages, 16 at 2 per second, followed by 16 at 8 per second.  Dragon tracking sequences are 6 seconds long with 16 messages at 4 per second followed by 16 messages at 8 per second.  The criterion for a target hit is the reception of at least 22 like missile codes in any 10-second interval.  (This will be discussed in Section 5.4)  The placement of half the pulses in the last 2 seconds simulates the requirements for accurate tracking during the terminal portion of missile flight in the actual system.  A delay of 1 second after trigger pull is inserted prior to the beginning of this sequence.
A message of 128 man-kill words follows the missile sequence to "kill" any men in the missile impact area.  This message starts 121.3 milliseconds after start of the last missile message.

High rate of fire weapons which are triggered by blanks truncate the transmission of N near-miss words upon receiving an input from the black fire microphone for the next round K kill words are then transmitted followed by N more near-miss words unless truncated again.  Should no microphone input be received (last round fired in a burst), N near-miss words are transmitted.

In high rate of fire weapons operated without blank fire enablement, the number of near miss words is established by the desired firing rate and is identical on the last round of any burst.

5.3  CODE SET
The BASIC MILES code set is shown in Table 5-2.  It is a set of 37 code words of length eleven and weight six.  The codes in the set have the property of cyclic inequality.  This property may be described as follows:  Consider a field eleven bits wide containing any code word in the set.  The code may be shifted to the right any number of bits, and the bits which are shifted out of the field to the right added sequentially to fill in the vacated spaces on the left side of the field.  The resultant rotated code will not be equal to any other code in the set after any number of shifts.  This property allows shift 

TABLE 5-2

MILES WEAPON CODE ASSIGNMENT

o  37 Code Words - (Limited to 32 is any single vehicle type)

o  11 Bit Words

o  6 Weight Codes

	D0
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	CODE
	WEAPON

	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	15
	*VIPER HIT

	1
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	12
	* 105 mm HIT

	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	8
	*DRAGON HIT

	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	13
	152 mm, 155 mm, 8 INCH, 105 HOWITZER HIT

	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	21
	GAU-8, AH (30 MM) HIT

	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	7
	TOW, SHILLELAGH, SAGGER, HELLFIRE (ASH) HIT

	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	* UNIVERSAL HIT, CONTROLLER GUN 100% HIT

	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	2
	TOW SHILLELAGH 100% HIT

	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	MAVERICK HIT

	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	20
	ROCKEYE (CLUSTER BOMB) HIT

	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	25
	ROLAND II, CHAPARRAL HIT

	1
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	26
	STINGER HIT

	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	19
	GRENADE (40 MM) HIT

	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	14
	2.75 INCH ROCKET HIT

	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	11
	CLAYMORE M81A1 AND M16 HIT

	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	10
	M21 ANTITANK HIT

	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	9
	M202 FLAME HIT

	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	1
	16
	120 mm HIT

	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	17
	90 mm HIT

	1
	1
	0
	0
	1
	1
	0
	0
	0
	1
	1
	18
	75 mm AND 73 mm (RUSSIAN APC) HIT

	1
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	6
	105 mm 100% HIT

	1
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	5
	152 mm 100% HIT

	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	4
	VIPER 100% HIT

	1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	3
	DRAGON 100% HIT

	1
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	22
	BUSHMASTER (25 mm), ZU23 (23 mm) HIT

	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	
	SPARE

	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	1
	
	SPARE

	1
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	
	SPARE

	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	
	SPARE

	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	
	SPARE

	1
	1
	0
	1
	0
	1
	0
	0
	0
	1
	1
	31
	HEAVY WEAPON SPARE MISS

	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	23
	VULCAN (20 mm AIRBORNE (20 MM) HIT

	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1
	24
	*M2, M25 MACHINE GUN HIT

	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	27
	*M16 RIFLE, M60 MACHINE GUN, COAX HIT

	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	29
	*M16 RIFLE, M60 MACHINE GUN, COAX MISS

	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	30
	LIGHT WEAPON SPARE MISS

	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	28
	*152 mm, 105 mm, VIPER MISS

	1
	0
	0
	0
	
	
	
	
	
	
	
	
	*BORESIGHT CODE CONTINUOUSLY TRANSMITTED


*Currently developed in ED MILES; all others programmed.

register decoding of repeated words without synch bits.  It allows multiple repetition of identical code words without gaps and decoding in a Boolean union decoder.  This latter property is essential for reliable transmission through a turbulent atmosphere.

The codes in the MILES code set are of equal length and weight.  This aids in error rejection since a bit must be dropped out and another bit added before one code is transformed to another.

The number of ways in which one code may be transformed into a rotated version of another by dropping of one bit and adding of another is defined as the "error proclivity" between the two codes.  The codes in Table 5-1 are arranged such that those near the top of the list have a small error proclivity with respect to those near the bottom.  Thus it is relatively harder to transmutate codes far apart on the list than those close together on the list.  This property is useful in preventing light weapon codes being misinterpreted as heavy weapon codes.

It should be noted that Table 5-2 has spare codes and a boresight code.  The boresight code is length five, weight one, and when repeated without gaps appears to be a 600 Hz pulse string.  As its name implies, this code is used for boresighting and test.  The low effective repetition rate precludes eye safety problems.  The inherent difference between the boresight code and any real MILES code precludes its unauthorized use to kill targets.

Finally, the relatively high weight of the codes makes it difficult for noise to cause a false alarm.

The basic code has no explicit error correction capability and little error detection capability.  However, the multiple copy transmission, the particular type of decoder, and the nature of the channel combine to make this code highly reliable.

To obtain error correction capability in the basic code would require a lengthening of the code and would require a more sophisticated decoder.  This increase in complexity is not required and would tend to lower system reliability.  The mechanisms used to achieve error correction are described in the following paragraphs.

5.4  DECODING SCHEME
Figure 5-2 shows those elements of the MILES receiver from the detector threshold to the decision outcome.  They are described as follows:
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a.  Threshold Circuit  the threshold circuit for MILES is adjustable and provides for simple threshold detection of photodiode output.  A moderate amount of hysteresis is present in the threshold detector to avoid "chatter" should signal pass slowly through threshold.


b.  Flip-flop  The input to the shift register is provided by a flip-flop which is set by threshold output anywhere between clock pulse leading edges.  The clock pulse clears the flip-flop and shifts the data into the register.  Thus, no matter when a threshold output occurs, the data will go into the shift register.  If the clock occurs in the middle of the incoming pulse, data occurs in two cells.


c.  Shift Registers (Boolean Union Decoder)  MILES decoders are always open and looking for a code to appear.  Incoming signals are shifted through serial-in-serial-out shift registers.  If, at any time, the ones and zeros appearing in the register match a valid code, and successful decode is achieved.

The system, as implemented, allows decoding in the presence of lost ones and rejection of pulses which do not fall exactly in a time slot.

Words are repeated multiple times to combat slow fades due to atmospheric variations.  No gap is required between words due to the cyclic inequality property of the code set (see Section 5.3).

Repeating words on the same 3 KHz centers with no gap also allows Boolean Union decoding as follows:

The input to the second shift register is comprised of the Boolean Union of the present photodiode threshold output and the delayed output which occurred exactly one word time earlier.  Delay is performed in the first shift register.  The only way a bit may not appear in the second shift register is for it to have dropped out in two successive words.

The shift register clock is 48 KHz, 16 times higher than the code frequency.  The shift registers each have 16 x 11 = 176 cells.  Eleven decoding taps are provided at 16 bit intervals on the second register.  Thus the decoder only sees incoming signals and noise through narrow time slots arranged precisely at the code spacing.

The slots are 20.8 microseconds in width and at 333.3 micro-second intervals.  Only noise falling into a given set of slots can be combined with actual code bits in that set of slots to jam reception.

The 48 KHz clock frequency must be near the 16th harmonic of the incoming code.  If it is not, successive pulses might not appear in a single set of 3 KHz slots, and thus would not appear on the decoding taps at the same time.

Figure 5-3 shows the timing for a clock whose frequency is slightly off with respect to the incoming code.  The minimum threshold output pulse width is five microseconds.  In order to decode properly, code pulses must appear in shift register cells whose indices are multiples of 16.  As can be seen, the 1st bit of first word appears in only cell 16.  Midway through the decoding sequence, the clock leading edge appears in the middle of the incoming pulse, such that the 12th bit (1st bit of 2nd word) appears both in cell 192 and 193.  Finally, by the last bit of the 2nd word, the code appears in cell 377 rather than in cell 336 (16 x 21) and Boolean Union decoding may be inhibited.

The clock must drift at least five microseconds in 21 bit times (7 milliseconds) in order to cause misplacement of a bit.  The relative crystal frequency difference between transmitter and decoder must be less than 5 x 10-6 sec/7 x 10-3 sec or .07 percent.  Crystals procured for MILES are specified to +/- 0.015 percent.  Thus, even if transmitter and decoder are in error in opposite directions at the extreme of their tolerance, the total drift cannot misplace a bit.

The use of the Boolean Union decoder was prompted by the unsymmetrical nature of the binary communication channel, where scintillation causes bits to drop out more often than false bits are added.  Simply lowering the threshold would cause the false alarm rate to go rapidly above specification.  The Boolean Union decoder effectively combats high frequency scintillation while raising the false alarm rate only negligibly.

Section 2 of this report indicates that burst error length due to scintillation is unpredictable.  The Boolean Union decoder represents an inexpensive approach to defeating high frequency components of scintillation in cases where these components exist.  It also increases reception probability in fringe areas of the beam and tends to more sharply define the kill zone.


d.  Up/Down Counter and Noise Threshold  The second shift register in the decoder is monitored with an up-down counter, which always contains the count of the number of ones in the register.  Since there are 16 times as many elements in the shift register as there are slots for a code, the total number of ones in the shift register provides a sensitive measure of the amount of noise in the system.

Whenever the count in the up-down counter exceeds 32, then the decoder is inhibited from operating on any codes until the count is reduced to a tolerable level.  The threshold of 32 is high enough so that the system remains jam proof in the presence of non-lethal codes being fired at it.  However, it is set low enough so as to effectively discriminate against high noise situations.

The ones counter constitutes the primary defense against unavoidable microphonics and EMI noise.

[image: image7.png]—i5ps

ISTBITOF  DETECTED
1STWORD  GODE

16

7

18]

CLOCK

SHIFT REGISTER
GONTENTS

17

16

18

1STBITOF  DETECTED
2NDWORD  CODE

1ST BIT OF 2ND ‘WORD

22

CLOGK

1724

SHIFT REGISTER
CONTENTS

182

183

11THBITOF  DETECTED
2NDWORD  CODE

GLOCK

7] =

SHIFT REGISTER 3%
CONTENTS

a7

Figure 5-3. Clock Frequency Error





e.  Word Counter  In the vehicle systems, reception of two words within an 8 word time period are required to obtain a hit or near-miss.  The Man-Worn Laser Detector (MWLD) requires only one.  The reason for this is to provide false alarm protection in the vehicle decoders which are receptive to more codes (37) than the MWLD (6).  (A two word requirement would be placed on the MWLD too, but small weapons are often capable of placing only one word on a target due to blank round recoil during the latter portion of the kill message.)  Section 5.6 discusses quantitatively the merits of two vs one word decoding.

f.  Word Decoder  The word decoder outputs a signal indicating a successful decode and the identification number of the successful code.  This identifying number is used in the kill probability routine to apply appropriate kill probabilities to various weapon/target pairs.


g.  Kill Probability Routine  In the vehicle, a statistical routine is entered each time a hit is decoded to determine whether the hit caused a kill.  (See Section 5.5).


h.  Missile Routine  Upon detection of an initial tracking missile code word, the decoder internally initiates a ten second period representing the tracking interval (see Figure 5-4).  Of the 32 code messages transmitted by the encoder during one tracking encounter, receipt of 22 or more code messages constitutes a vehicle kill, and receipt of 2 to 21 messages  constitutes a near miss.  For each of the 32 code messages, the encoder transmits eight copies of the missile kill code word (32 x 8 = 265 code words).

The criterion for kill/near miss determination dictates that at most, one word detection per code message be allowed.  Therefore, upon detection of a tracking missile kill code word, the decoder inhibits further code detection for a period equivalent to eight word transmission times one message time as shown in Figure 5-4).

5.5  KILL PROBABILITIES
MILES vehicle systems have the capability of performing electronic statistical trials such that received hit messages may result in non-lethal "hits" rather than disabling kills.  It is important to differentiate between kill probability, Pk, as it is traditionally used in weapon effect analysis, and the MILES probability of kill generator.  The former is the probability of a kill, given a round was fired.  The MILES routine models the probability of a kill, given the round hit the armored vehicle target.

The target may be killed or hit based upon a hierarchy of weapons and targets.  Table 5-3 shows the hierarchy for MILES ED weapons against five receiver types.  Helicopter (Helo) and light vehicles
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(Truck/Jeep) are included as system expansion targets.  The symbol, HK, in Table 5-3 indicates that the receiver-decoder on the target may generate either a hit or kill when a hit message is received.

The hit-kill decision statistics are based upon the number of kill words received and the weapon and target type involved.  A random statistical decision is made electronically inside the target vehicle each time a successful message decode is achieved.  A message decode occurs each time two hit words are received within an eight word time interval.

There is a range dependency inherent in this implementation due to the fact that at close ranges, a single eight word round will cause the routine to be entered four times; at long range, the routine will be entered fewer time owing to the probable reception of fewer than eight valid words.

Figures 5-5 and 5-6 show the range dependency of PKill and 1/PKill (mean number of rounds to kill) for the MILES technique.  Not that the ordinate for Figure 5-5 is probability per round, not per hit.

Since the routine is entered more than once at close range, the actual probability for each execution of the routine must be set substantially less than the desired single round close range kill probability.  (One "kill" outcome from the multiple executions is sufficient to kill the vehicle.)  In fact the equation relating the two probabilities is:


PM = 1-(1 - PW)D
where
PM  = 
probability of kill given all words in the message were received (close range kill probability).



PW  =   
probability of kill given a single execution of the kill routine.



D  =

number of executions of the kill routine given perfect message reception (d = two for a four-word message and four for an eight-word message.)

Table 5-4 gives close range kill probabilities for various weapon target pairs.  MILES vehicles store data which yield these short range probabilities.  Probabilities are all integral multiples of 1/32 (.03125) due to the use of a five-bit counter in the implementation.

TABLE 5-4

VEHICLE KILL PROBABILITIES

	CODE NO
	WEAPON
	HIT WORDS

PER ROUND
	KILL PROBABILITY PER

ROUND VEHICLE TYPE

	
	
	
	TRUCK/JEEP
	AC/HELO
	APC
	TANK

	00
	100% UNIV KILL
	16
	100.0%
	100.0%
	100.0%
	100.0%

	01
	MAVERICK
	8
	100.0%
	100.0%
	100.0%
	100.0%

	02
	HELLFIRE
	M
	100.0%
	100.0%
	100.0%
	93.75

	03
	SAGGER
	M
	100.0%
	95.3125
	98.4375
	70.3125

	04
	60 mm, 81 mm, 4.2 inch
	8
	100.0%
	100.0%
	73.4375/

28.125
	1.5625/

1.5625

	05
	M15A MINE (TRACK CUTTER)
	4
	100.0%
	100.0%
	98.4375/

87.5
	98.4375/

87.5

	06
	WEAPON 
	8
	100.0%
	100.0%
	NO EFFECT
	NO EFFECT

	07
	TOW, SHILLELAGH
	M
	100.0%
	98.4375
	100.0%
	85.9375

	08
	DRAGON
	M
	100.0%
	100.0%
	98.4375
	76.5625

	09
	M202 FLAME
	4
	100.0%
	100.0%
	62.5/

39.0625
	78.125/

53.125

	10
	M21 ANTI-TANK
	4
	100.0%
	100.0%
	100.0%
	79.6875/

34.6875

	11
	CLAYMORE M18A1 & M16
	4
	85.9375/

62.5
	78.125/

53.125
	NO EFFECT
	NO EFFECT

	12
	105 mm
	8
	96.875/

57.8125
	100.0%
	96.875/

57.8125
	87.5/

40.625

	13
	152 mm
	8
	96.875/

57.8125
	100.0%
	100.0%
	78.125/

31.25

	14
	2.75 in ROCKET
	8
	96.875/

57.8125
	92.1875/

46.875
	78.125/

31.25
	42.1875/

12.5

	15
	VIPER
	8
	96.875/

57.8125
	92.1875/

46.875
	81.25/

34.375
	48.4375/

15.625

	16
	120 mm
	8
	96.875/

57.8125
	100.0%
	100.0%
	93.75/

50.0

	17
	90 mm
	8
	96.875/

57.8125
	100.0%
	90.625/

45.3125
	34.375/

9.375

	18
	8 in, 105 HOW, 122 mm, 155 mm
	8
	96.875/

57.8125
	100.0%
	95.3125/

53.125
	1.5625/

1.5625

	19
	GRENADE (40 mm)
	8
	56.25/

18.75
	84.375/

37.5
	10.9375/

3.125
	4.6875/

1.5625

	20
	ROCKEYE (CB)
	2
	81.25
	81.25
	15.625
	20.3125

	
	
	
	
	
	
	


TABLE 5-4 (Cont.)

VEHICLE KILL PROBABILITIES

	CODE NO
	WEAPON
	HIT WORDS

PER ROUND
	KILL PROBABILITY PER 

ROUND VEHICLE TYPE

	
	
	
	TRUCK/JEEP
	AC/HELO
	APC
	TANK

	21
	BUSHMASTER (25 mm),GAU-8, AM (30 mm)
	2
	84.375
	43.75
	9.375
	6.25

	22
	ZU23-4
	2
	43.75
	50.0
	6.25
	NO EFFECT

	23
	VULCAN (20 mm)
	2
	43.75
	23.4375
	6.25
	NO EFFECT

	24
	M2, M85 (50 CAL)
	4
	37.5/

20.3125
	4.6875/

3.125
	4.6875/

3.125
	NO EFFECT

	25
	CHAPARRAL 
	8
	NO EFFECT
	96.875/

57.8125
	NO EFFECT
	NO EFFECT

	26
	STINGER
	8
	NO EFFECT
	92.1875/

46.875
	NO EFFECT
	NO EFFECT

	27
	M16, M60, COAX (7.62 mm)
	4
	9.375/

4.6875
	3.125/

1.5625
	NO EFFECT
	NO EFFECT

	28
	HEAVY WEAPON MISS
	--
	MISS 
	MISS
	MISS
	MISS

	29
	LIGHT WEAPON MISS
	--
	MISS
	MISS
	MISS
	NO EFFECT

	30
	LIGHT WEAPON MISS SPARE
	--
	MISS
	MISS
	MISS
	NO EFFECT

	31
	HEAVY WEAPON MISS SPARE
	--
	MISS 
	MISS
	MISS
	MISS

	
	
	
	
	
	
	

	CODE NO.
	0-27-HIT CODES
	M=MISSILES
	KILL PROBABILITY






PER ROUND/





PER 2 CODE WORDS RECEIVED
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TABLE 5-3

MILES ED TARGET/WEAPON HIERARCHY
	TARGET
	
	CVLD

	WEAPON
	MWLD
	APC
	TANK
	AC/HELO
	TRUCK & JEEP

	M16 RIFLE
	K,M
	M
	--
	H,K,M
	H,K,M

	M60 MACHINE GUN
	K,M
	M
	--
	H,K,M
	H,K,M

	M85 MACHINE GUN
	K,M
	H,K,M
	--
	H,K,M
	H,K,M

	COAX MACHINE GUN
	K,M
	M
	--
	H,K,M
	H,K,M

	DRAGON MISSILE
	K
	H,K,M
	H,K,M
	K,M
	K,M

	VIPER
	K
	H,K,M
	H,K,M
	H,K,M
	H,K,M

	TOW MISSILE
	K
	K,M
	H,K,M
	H,K,M
	K,M

	SHILLELAGH MISSILE
	K
	K,M
	H,K,M
	H,K,M
	K,M

	105 mm GUN
	K
	H,K,M
	H,K,M
	K,M
	H,K,M

	152 mm GUN
	K
	K,M
	H,K,M
	K,M
	H,K,M


K  =  KILL

H  =  HIT

M  =  NEAR MISS

5.6  EFFECT OF CODING AND DECODING ON SYSTEM FALSE ALARM RATE
This section presents an expression relating the system false alarm rate to the single bit false alarm rate.  From computer evaluations allowable false alarm rates are shown.

5.6.1  THEORETICAL BASIS

The probability of receiving a false alarm in 100 hours is:


P100 = 1 - (1 - Pw)1.73 x 1010
where PW is the probability of receiving a false word at any allowable decoding opportunity.  (There are 1.73 x 1010 decoding opportunities in 100 hours, based upon 48,000 opportunities per second.)

The probability of decoding a false word at any decoding opportunity when only one word receipt is required is:

P WI= I (1 - P)BN(11 - W)  [1 - (1 - P)BN]W





(1)

where:  
I = 
number of valid code words which can kill a man (e.g., M16, M60, M6 etc.)



P =   false bit probability



B =   number of registers in the Boolean Union decoder



N = 
number of independent thresholds per unit (man or vehicle)



W =   weight of code word

The probability of decoding a false word when M receipts are required is:


PWM  = K PW1M ( 1 - PW1)K - M
where K = number of word periods during which the decoder will accept the second valid decoded word ( k = 2 for man system and K = 8 for vehicle system).  Equation (2) applies to both man worn laser detectors and vehicle detection belts where M = 2.

5.6.2  COMPUTER MODEL

A computer program was written which evaluated P100 as a function of P for various values of K, M, N, and I corresponding to the vehicle and the man system.  Boolean union decoding was assumed throughout.  Figures 5-7 and 5-8 plot the results of that program.

These figures are used as follows:


a.  
Select the appropriate figure for the decoder (vehicle or man worn).


b.  
Enter the graph on the left-hand side at the 100 hr false alarm probability (0.1 on MILES).


c.  
Using the appropriate word detection curve, find the single-bit false one probability.

Note that the required single-bit probability is a strong function of the number of words required for receipt.

The initial model execution was followed by several (14) runs varying:


a.  Weight of miss code from 4 to 6.


b.  Number of words required for detection


c.  Length of window in which the subsequent words were detected.

Table 5-5 through 5-8 show the results.  Note that:


a.  
Window length has little effect on allowable single bit error probabilities.


b.  
Changing code weight from 4 to 6 increases the allowable error probability by factors varying from 3.75 to 12.5.


c.  
Going from one word to two word receipt increase the allowable error probability by factors varying from 5 to 35.

Going from one word to three or four word receipt on vehicle hit codes increases the allowable false one rate by 30,8 and 64, respectively.
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TABLE 5-5

MAN NEAR MISS

	M

NO REQD.

DETECT
	W

CODE

WEIGHT
	K

WINDOW

LENGTH
	P, SINGLE BIT FALSE ALARM PROBABILITY WHICH GIVES 100 HR FALSE ALARM PROB, P100 = 0.01

	1
	4
	24
	0.0002

	
	
	4
	0.0002

	
	6
	24
	0.0024

	
	
	4
	0.0024

	2
	4
	24
	0.005

	
	
	4
	0.007

	
	6
	24
	0.02

	
	
	4
	0.024


TABLE 5-6

MAN KILL
	M

NO REQD.

DETECT
	W

CODE

WEIGHT
	K

WINDOW

LENGTH
	P, SINGLE BIT FALSE ALARM PROBABILITY WHICH GIVES 100 HR FALSE ALARM PROB, P100 = 0.01

	1
	6

6
	24
	0.0017

	
	
	4
	0.0017

	2
	6

6
	24
	0.018

	
	
	4
	0.020


TABLE 5-7

VEHICLE NEAR MISS

	M

NO REQD.

DETECT
	W

CODE

WEIGHT
	K

WINDOW

LENGTH
	P, SINGLE BIT FALSE ALARM PROBABILITY WHICH GIVES 100 HR FALSE ALARM PROB, P100 = 0.01

	1
	4
	128
	0.00008

	
	
	8
	0.00008

	
	6
	128
	0.001

	
	
	8
	0.001

	2
	4
	128
	0.002

	
	
	8
	0.0025

	
	6
	128
	0.0075

	
	
	8
	0.01


TABLE 5-8

VEHICLE HIT

	M

NO REQD.

DETECT
	W

CODE

WEIGHT
	K

WINDOW

LENGTH
	P, SINGLE BIT FALSE ALARM PROBABILITY WHICH GIVES 100 HR FALSE ALARM PROB, P100 = 0.01

	1
	6
	128
	0.00065

	
	6
	8
	0.00065

	2
	6
	128
	0.0065

	
	6
	8
	0.0085

	3
	6
	128
	0.02

	4
	6
	128
	0.042


5.6.3  NEGATIVE EFFECT OF MULTIPLE WORD RECEIPT REQUIREMENTS

System models have shown that the reduction in range by going between one word and three is undetectable for the 90% hit probability, 3KM visibility case.  It was 7.8% for the 20% hit probability, 24KM visibility case.  These are clearly unimportant magnitudes of change.

A two-word requirement on light weapon codes may be impractical due to the motion of weapon.  Hits or misses may be more difficult to achieve when two words are required on receivers whose primary function is receipt of hand-held weapon codes.

5.6.4  CONCLUSION

The following design decisions were made:


a.  
All codes are 6-weight codes.


b.  
Require only one word receipt on both kill and near-miss for the man decoder.


c.  
Require two word receipts on both kill and miss for the vehicle decoder.

Allowable false one rates are shown in Table 5-9 below:

TABLE 5-9

ALLOWABLE FALSE ONES

	DECODING SYSTEM
	ALLOWABLE False

Ones Per Second

	Man Kill
	82

	Man Miss
	115

	Vehicle Kill
	312

	Vehicle Miss
	360


False one rate is obtained by multiplying the false one probability by the sampling frequency, 48 KHz.

5.7  THRESHOLD-TO-NOISE SETTING AND FALSE ALARM RATE
The system false alarm rate requirement is a maximum of 1% in 100 hrs.  Section 5.6 indicate a false bit rate of 82 per second or less was desired to satisfy this requirement for the man worn system.  The threshold-to-RMS noise ratio which will meet the false bit rate requirement is derived below.

Rice (Reference 1) gives an equation for FAR, the single bit false alarm rate, in terms of It/In, the Threshold-to-Noise Ratio (TNR).
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where 1/2T is the noise bandwidth of the system.  If BW, the shot noise bandwidth developed in Subsection 3.2.3, is substituted for 1/2T and TNR for It/In, and this equation is solved for TNR, we have:
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Substituting the previously obtained values, FAR = 82 and BW = 333 KHz (from Section 3.2.3), the desired formula is obtained for minimum threshold-to-noise ration, TNR.
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Evaluating the above expression gives a minimum allowable TNR of 3.94 for MILES.

In practice, the threshold-to-noise ratio is set in MILES receivers at manufacture by monitoring false one rates while simulating highest noise conditions (-35oC, full sunlight).  The threshold is set such that the false one rate is about one per second under these conditions.  Using the expression above for TNR, the TNR is approximately 5.0.  At higher temperatures and out of the sun, the TNR is somewhat greater.

(It should be noted that the FAR is a fast function of the TNR; hence the safety margin on TNR.)

APPENDIX B

BASIC MILES CODE STRUCTURE

	D D D
	  DATA

D D D D
	  BITS

D D D D
	BASIC

MILES

CODE
	NTC

CODE
	WEAPON/FUNCTION

	0 1 2
	3 4 5 6
	7 8 9 10
	NO.
	NO.
	

	
	
	
	
	
	

	1 1 0
	0 0 1 0
	1 1 0 1
	00
	00
	UNIV. KILL, CONTR. GUN, 100% KILL

	1 1 0
	1 0 0 1
	0 0 1 1
	01
	01
	MAVERICK HIT

	1 1 0
	0 0 1 1
	0 1 0 1
	02
	02
	HELLFIRE HIT

	1 1 0
	0 0 1 0
	1 0 1 1
	03
	03
	AT-3 SAGGER (NTC BMP) HIT

	1 1 0
	0 1 0 1
	0 0 1 1
	04
	04
	60MM, 81MM, 4.2 INCH HIT

	
	
	
	
	
	

	1 1 0
	1 0 1 0
	1 0 0 1
	05
	05
	M15 MINE (TRACK CUTTER) HIT

	
	
	
	
	
	

	1 1 0
	0 1 1 0
	0 1 0 1
	06
	06
	WEAPON "X" HIT

	1 1 0
	1 1 0 1
	1 0 0 0
	07
	07
	TOW, SHILLELAGH, AT-6 (NTC HIND-D HIT

	
	
	
	
	
	

	1 1 0
	1 0 1 1
	0 1 0 0
	08
	08
	DRAGON, SPANDREL (NTC BRDM-2) HIT

	1 1 0
	1 1 0 0
	1 0 0 1
	09
	09
	M202 FLAME HIT

	
	
	
	
	
	

	1 1 0
	0 1 1 0
	1 0 0 1
	10
	10
	M21 ANTITANK, 125MM (NTC T72) HIT

	1 1 0
	0 1 0 0
	1 0 1 1
	11
	11
	CLAYMORE M81A1 AND M16 HIT

	1 1 0
	1 0 1 1
	0 0 1 0
	12
	12
	105MM HIT

	1 1 0
	1 1 0 0
	1 0 1 0
	13
	13
	152MM, 122MM (NTC M1974) HIT

	1 1 0
	0 1 0 1
	1 0 0 1
	14
	14
	2.75 ROCKET, 57MM ROCKET (NTC HIND-D), 73MM (NTC BMP) HIT

	1 1 0
	1 0 1 0 
	1 1 0 0
	15
	15
	VIPER HIT

	1 1 0
	0 1 0 1
	0 1 0 1
	16
	16
	120MM HIT

	1 1 0
	1 0 0 1
	0 1 0 1
	17
	17
	90MM HIT


	D D D
	  DATA

D D D D
	  BITS

D D D D
	BASIC

MILES CODE
	NTC CODE
	WEAPON/FUNCTION

	0 1 2
	3 4 5 6
	7 8 9 10
	NO.
	NO.
	

	
	
	
	
	
	

	1 1 0
	0 1 1 0
	0 0 1 1
	18
	18
	8 INCH, 105MM HOW, 122MM, 155MM HIT

	1 1 0
	1 0 1 1
	0 0 0 1
	19
	19
	40MM GRENADE HIT

	1 1 0
	1 1 0 0
	0 1 0 1
	20
	20
	ROCKEYE (CLUSTER BOMB) HIT

	1 1 0
	1 1 0 1
	0 1 0 0
	21
	21
	GAU-8, AH-64, 30MM HIT

	1 1 0
	0 0 1 1
	0 0 1 1
	22
	22
	25MM, ZSU-23/4 VISUAL MODE (NTC) HIT

	1 1 0
	1 0 0 0 
	1 0 1 1
	23
	23
	VULCAN, AIR 20MM, 30MM (NTC HIND-D) HIT

	1 1 0
	0 0 0 1
	0 1 1 1
	24
	24
	M2, M85, MACHINE GUN HIT

	
	
	
	
	
	

	1 1 0
	1 0 0 0
	1 1 0 1
	25
	25
	CHAPARRAL HIT

	1 1 0
	0 1 0 0
	1 1 0 1
	26
	26
	STINGER HIT

	1 1 0
	0 1 0 0
	0 1 1 1
	27
	27
	M16 RIFLE, M60 MG, COAX MG HIT

	1 1 0
	1 1 1 0
	0 0 0 1
	28
	28
	HEAVY MISS: 105MM, 152MM, 73MM, VIPER

	1 1 0
	0 0 1 0
	0 1 1 1
	29
	29
	LIGHT MISS: M16 RIFLE, M60 MG, COAX MG. ZSU-23/4, ETC.

	1 1 0
	1 0 0 0
	0 1 1 1
	30
	30
	LIGHT SPARE MISS, OPTICAL RESET

	1 1 0
	1 0 1 0
	0 0 1 1 
	31
	31
	HEAVY SPARE MISS

	1 1 0
	1 0 0 1
	1 0 0 1
	*32
	**32
	IFS ACTUATION

	1 1 0
	1 0 1 0
	0 1 0 1
	*33
	06
	SA-14 (NTC) HIT

	1 1 0
	1 1 0 0
	0 0 1 1
	*34
	05
	ZSU-23/4 RADAR MODE (NTC) HIT

	
	
	
	
	
	

	1 1 0
	0 0 0 1
	1 0 1 1
	*35
	**35
	

	1 1 0
	1 1 0 1
	0 0 0 1
	*36
	**36
	

	1 0 0
	0 0 1 0
	0 0 0 1
	00
	00
	BORESIGHT (CONTINUOUS TRANSMISSION)






*  NOT USED IN STANDARD MILES EQUIPMENT




       **  NOT USED IN NTC MILES EQUIPMENT

APPENDIX C

STANDARD MILES PLAYER ID (PID) CODE ASSIGNMENTS

	PLAYER ID
	D0
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10

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

	2
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	3
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0

	4
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	5
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	6
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0

	7
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0

	8
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0

	9
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	10
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0

	11
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0

	12
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0

	13
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	14
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0

	15
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0

	16
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0

	17
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0

	18
	1
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0

	19
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0

	20
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0
	0

	21
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0

	22
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0

	23
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0

	24
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	25
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0

	26
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0

	27
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	28
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0

	29
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0

	30
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0

	31
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0

	32
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0

	33
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0

	34
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0

	35
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0

	36
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0

	37
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0

	38
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0

	39
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0

	40
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	41
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0

	42
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0

	43
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0

	44
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	0

	45
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0

	46
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0

	47
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0

	48
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0

	49
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	50
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0

	51
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0

	52
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0

	53
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0

	54
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0

	55
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0

	56
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0

	57
	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0

	58
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	59
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0

	60
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0

	61
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0

	62
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0

	63
	0
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0

	64
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0

	65
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0

	66
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0

	67
	0
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0

	68
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0

	69
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0

	70
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0

	71
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0

	72
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0

	73
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	74
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0

	75
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0

	76
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0

	77
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0

	78
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0

	79
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0

	80
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0

	81
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0

	82
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	83
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0

	84
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0

	85
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0

	86
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0

	87
	1
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0

	88
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0

	89
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0

	90
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0

	91
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	92
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0

	93
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0

	94
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0

	95
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0

	96
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0

	97
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0

	98
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0

	99
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0

	100
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0

	101
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0

	102
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0

	103
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0

	104
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0

	105
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	106
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0

	107
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0

	108
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0

	109
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0

	110
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	0

	111
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0

	112
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0

	113
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0

	114
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0

	115
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	116
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0

	117
	0
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0

	118
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	0

	119
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0

	120
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0

	121
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0

	122
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0

	123
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	0

	124
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0

	125
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0

	126
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0

	127
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0

	128
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0

	129
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0

	130
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0

	131
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0

	132
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	133
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0

	134
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	135
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0

	136
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	137
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0

	138
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0

	139
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0

	140
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0

	141
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0

	142
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	143
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0

	144
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0

	145
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0

	146
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0

	147
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0

	148
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0

	149
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0

	150
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	151
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0

	152
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0

	153
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0

	154
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

	155
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0

	156
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0

	157
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0

	158
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	0

	159
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0

	160
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0

	161
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	162
	1
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0

	163
	1
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0

	164
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0

	165
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0

	166
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0

	167
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0

	168
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0

	169
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0

	170
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0

	171
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0

	172
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0

	173
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0

	174
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0

	175
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0

	176
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0

	177
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0

	178
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0

	179
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0

	180
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0

	181
	0
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0

	182
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0

	183
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0

	184
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0

	185
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0

	186
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	187
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0

	188
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0

	189
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0

	190
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0

	191
	0
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0

	192
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0

	193
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0

	194
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0

	195
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0

	196
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0

	197
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0

	198
	1
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0

	199
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0

	200
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1
	0

	201
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0

	202
	0
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0

	203
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0

	204
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0

	205
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	206
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0

	207
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0

	208
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0

	209
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0

	210
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0

	211
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1

	212
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1

	213
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1

	214
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	215
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1

	216
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0
	1

	217
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1

	218
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	219
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1

	220
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	221
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1

	222
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1

	223
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1

	224
	1
	0
	0
	1
	0
	1
	0
	0
	0
	0
	1

	225
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1

	226
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1

	227
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	228
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1

	229
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1

	230
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1

	231
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1

	232
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1

	233
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1

	234
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1

	235
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	236
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1

	237
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1

	238
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1

	239
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1

	240
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	241
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1

	242
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1

	243
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1

	244
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1

	245
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	246
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1

	247
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1

	248
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1

	249
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1

	250
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1

	251
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1

	252
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1

	253
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1

	254
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1

	255
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1

	256
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1

	257
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1

	258
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1

	259
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1

	260
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1

	261
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1

	262
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1

	263
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1

	264
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1

	265
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1

	266
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1

	267
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1

	268
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1

	269
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	1

	270
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1

	271
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0
	1

	272
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1

	273
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1

	274
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1

	275
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1

	276
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	277
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1

	278
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	279
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1

	280
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1

	281
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	282
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1

	283
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1

	284
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1

	285
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1

	286
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1

	287
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1

	288
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1

	289
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1

	290
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1

	291
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1

	292
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1

	293
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	1

	294
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1

	295
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1

	296
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1

	297
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1

	298
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1

	299
	0
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	300
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1

	301
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1

	302
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1

	303
	0
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1

	304
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1

	305
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1

	306
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1

	307
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1

	308
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	1

	309
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1

	310
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1

	311
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1

	312
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1

	313
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1

	314
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1

	315
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1

	316
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1

	317
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	1

	318
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1

	319
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1

	320
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1

	321
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	1

	322
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	323
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1

	324
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1

	325
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1

	326
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1

	327
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1

	328
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1

	329
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1

	330
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1

	END
	
	
	
	
	
	
	
	
	
	
	


APPENDIX D

ENHANCED MILES CODE

PARTITION

BASIC MILES WORD CODE # _________________________ (Refer to 

Appendix B)

ENHANCED MILES CODE

	CODE PREFIX

(HEXA-DECIMAL)
	CODE PREFIX (BINARY)
	AMMO TYPE (BLUEFORCE)
	BLUEFORCE PLAYER ID (EVEN ONLY) REF TO APPENDIX C
	OPFOR PLAYER ID (ODD ONLY) REF TO APPENDIX C
	AMMO TYPE (OPFOR)



	0

1

2

3
	0000

0001

0010

0011
	AMMO A
	2 - 1320
	1 - 1319
	AMMO E

	4

5

6

7
	0100

0101

0110

0111
	AMMO B
	2- 1320
	1 - 1319
	AMMO F

	8

9

A

B
	1000

1001

1010

1011
	AMMO C
	2 - 1320
	1 - 1319
	AMMO G

	C

D

E

F
	1100

1101

1110

1111
	AMMO D
	2 - 1320
	1 - 1319
	AMMO H


FOR SMALL ARMS CODES 27 AND 29:

	CODE PREFIX

(HEXA-DECIMAL)
	CODE PREFIX (BINARY)
	AMMO TYPE (BLUEFORCE)
	BLUEFORCE PLAYER ID (EVEN ONLY) REF TO APPENDIX C
	OPFOR PLAYER ID (ODD ONLY) REF TO APPENDIX C
	AMMO TYPE (OPFOR)



	0

1

2

3
	0000

0001

0010

0011
	PLATFORM

MOUNTED

WEAPONS
	2 - 1320
	1 - 1319
	PLATFORM

MOUNTED

WEAPONS



	4

5

6

7
	0100

0101

0110

0111
	CREW SERVED WEAPONS
	2- 1320
	1 - 1319
	CREW SERVED 

WEAPONS

	8

9

A

B

C

D

E

F
	1000

1001

1010

1011

1100

1101

1110

1111
	RIFLES


	2 - 2640


	1 - 2639


	RIFLES
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