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Multidimensional Coding Method and BER, Performance of M-PSK
Whose Number of Phases Is Not a Power of 2
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demodulation scheme. (M # 2™)
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Table 1 Binary/M-ary conversion of M-PSK. (M #
2’7l)

Numberof | Number | Number Transmission Conversion
Phascs ofbinary | of M-ary Efficiency Loss
digits D, | digits Dy, N 1=Dy/ Dy L [dB]
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Table 2 Natural code and Gray code in 3 bit/2 symbol
conversion.

Decimal | Temary | Binary Vector (b, by, bo)
representation Vector
3ty (t, ) Natural Code Gray Code
0 0,0 0,0,0 0,0,0
1 0,1 0,0,1 0,0,1
2 0,2 0,1,0 0,1,1
3 1,0 0,1,1 0,1,0
4 1,1 1,0,0 1,1,0
S 12 1,0,1 1,1,1
6 20 1,1,0 1,0,1
7 2,1 1,11 1,0,0
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Table 3 dmHqev in Binary/Ternary conversion with

Gray coding.
Temary Bi Error Vector SumofHamming
Vector Vm o (e, €1,€0) = Distance
@0 | Gubyb) oy T (4= T a=1 | Wt T g
0,0 0,00 0,01 1,01 [ 0014011 3 + 3
0,1 0,0,1 11,1 11,01 [ 01,0 ' 00,1 5 T2
02 0,1,1 100, 100[ 011,010 2 , 3
1,0 0,1,0 LLI'010[100"101 ] 4 ' 3
1,1 1,1,0 010, L,L,1 001,100 4 | 2
1,2 1,1,1 0,00 1 1,00 | 1,01 1 00,1 1 1 3
2,0 1,0,1 1,017 1,1 [0011010] 5 T 2
2,1 1,00 1,01 1 0,10 [ 01,1 v 001 ] 3 1+ 3
Average Hamming Distance 27812 , 21/8/2
48/8/2/2=1.50

When ternary (2, 2) is received, binary vector is decided
on (1, 1, 1) in this case.
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Table 4 dpqv in Binary/M-ary conversion.

Number | Conversion d g v (Average Hamming Distance)
 Phase Dy/ Dy Gray Natural Lower
orhses Code | Code | Bownd | S&H
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16/7 5.019 5.379 1.184 1.961
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Fig.2 Comparison of BER performance of M-PSK
with Gray coding.
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Table 5 Optimal coding of 3-bit/2-symbol coding for

TPSK.

Ternary Binary (by, by, by)

(1, to) Code 1 | Code 2 | Code 3 | Code 4
00 0,0,0 0,00 0,0,0 0,00
0,1 0,01 00,1 01,1 01,1
02 01,1 01,0 00,1 0,01
10 1,10 1,10 1,00 1,00
11 1,11 1,11 1,11 1,11
12 01,0 011 10,1 101
20 1,00 1,00 01,0 1,10
21 10,1 10,1 1,10 01,0

B2 DEFIZHLT, b, by, by IZFLVT by by, by
EANBZAIENTES.
B, FED b, IT1EMAZIENTES

06 20/30000 BEROODODOOOOOOOOOO
dHav
Table 6 dpqv in Binary/Ternary conversion with
optimal coding.

Temary Binary Error Vector Sum of Hamming
Vector Vector o (e, €1, €0) — Distance
Gt | Oubub) T I TS T gt | g | e
0,0 0,0,0 L1,01 1,00 0011010 3 1 2
0,1 0,0,1 1,1,0 ' 1,00 | 0,1 ' 00,1 3 '3
0,2 0,1,0 00,1, 1,01 [ 01,0 , 0,11 3 4 3
1,0 1,1,0 0,0 ' 1,1,0 [ 001 ' 1,01 3 13
1,1 11,1 0,0 ; 1,1,0 [ 1,00 ; 00,1 3, 2
1,2 0,1,1 1001001 [ 1,01 1100] 2 1 3
2,0 1,00 1,00 ; 01,0 | 001 ] 01,1 2 | 3
2,1 1,0,1 1,00 1 0,1,0 [ 0,1,0 1 00,1 2 1 2
Average Hamming Distance 210802, 21182
42/8/2/2=21/16

‘When ternary (2, 2) is received, binary vector is decided
on (1, 1, 1) in this case.
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Fig.3 Comparison of BER performance of TPSK
depend on coding.

1.E-07

0000000000 TPSKO BER OO Pser(w)
0ooooooooo

PBER('Yb) = gerfc ( 9’yb/8) (10)

0(l0)0oo0ob0o0o00bDO0D0DOO0DOOD
003000/20000000000D00DOODO
000000o0OO0oOoD TPSKOOO BJOOOO
ooooooo21/3200000000000
M=2"000U0o0oooopSsKOOOOOO
ooooboo MbOOOoOoOOoOooooooo 1100
goboooooooooooobooooooobood
goooooo £10 F710000000000C00
00000000 BEROOO 2000000 [12]0
0o0o000ooooooooo TPSKOOOOOOOO
0o000o00000oo0o00o0o0O0000000BER
goooooz200000000000000O00
goooooooboooooooo 2000000
gooooooooo20000000000000
BEROOOOOOOOOOOOOOOOOOODOO
20000000000000 BEROOODO (10)O
2000000000000 O0DOOCOOOO0O 100
g2000000000C0D000 £10 F100
0000O000000000000000 dre 00
0000000000 70000000000 dravw

1988

07 0020000000000 dgaw
Table 7 dgav in case of continuous symbol errors.

. Error Vector (e, €, €) Sum of
Temary | Binary d=+int,and d=lingand | Hamming
Vector Vector di=1int d=+lint Distance
(i to) (b2, b1, bo) | Received 1 " Received 1 .
() ! ) ! st
0,0 0,0,0 1,2 ;| 011 2,1, 101 4
0,1 0,0,1 1,0 1+ 1,11 2,2 1 110 5
02 0,1,0 1,1 ' 101 2,0 ' 110 4
10 1,1,0 2,2 001 0,1 , L1 4
1,1 1,1,1 2,0 ' 01,1 0,2 ' 101 4
12 0,1,1 2,1 | 110 0,0 , 01,1 4
20 1,00 0,2 1 110 1,1 ' 01,1 4
2,1 1,0,1 0,0 ! 101 1,2 | 110 4
Average Hamming Distance 33/8/2
33/16

‘When ternary (2, 2) is received, binary vector is decided
on (1, 1, 1) in this case.
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