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ABSTRACT

In this paper, M-ary Amplitude Phase Shift Keying (M-APSK) and Differential APSK (M-DAPSK) systems
using channel coding are designed and evaluated. The channel codes considered in this paper are Low-Density
Parity Check (LDPC) code and turbo code. LDPC and turbo codes are powerful error correcting codes that can
achieve performance close to Shanon’s limit. As results of the simulation, in both 8-DAPSK and 16-DAPSK
systems, turbo coding shows better BER performance with lower coding rate when the number of iterations of
the channel decoder is 5. However, It is confirmed that the LDPC coding has better BER performance even
though it has a higher code rate when the number of iterations of the channel decoder is 20 or 50. This
tendency is similar in the APSK system. That is, when the reception processing time is sufficiently secured in
the APSK and DAPSK systems, it can be confirmed that the use of the LDPC code is advantageous for higher

efficiency transmission.
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Fig. 1. Block diagram of transmitter and receiver for
M-APSK system with channel coding.
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Fig. 2. Block diagram of transmitter and receiver for
M-DAPSK system with channel coding.
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E 1. 4DASK HZE 93 LUT [5]
Table 1. LUT for 4-DASK modulation [5]

a, | m,bits 00 01 10 11
a(l) a(1) a(2) a(3) a(4)
a2) a(2) a(3) a4 a(l)
a3) a(3) a(4) a(l) a2)
a@) a(4) a(1) a(2) a(3)

E 2. 8-DASK HxE 913 LUT (¥ HIE : 000~011)
Table 2. LUT for 8-DASK modulation (input bits :
000~011)

a, | m,bits 000 | 001 010 | o11
a(l) a(l) a(2) a(3) a(4)
aQ) a(2) a(3) a(4) a(5)
aQ3) a(3) a(4) a(5) a(6)
a) a(4) a(5) a(6) a(7)
a(d) a(5) a(6) a(7) a(8)
a(6) a(6) a(7) a(8) a(l)
a(7) a(7) a(8) a(l) a(2)
a® | a® | al) | a@ | a®

E 3. 8-DASK HXE %3 LUT (100~111)
Table 3. LUT for 8-DASK modulation (100~111)

a, [ m,bits 100 101 110 111
a(l) a(5) a(6) a(7) a(8)
a(2) a(6) a(7) a(8) a(l)
a(3) a(7) a(8) a(l) a(2)
a@) a(8) a(1) a(2) a(3)
a(5) a(1) a(2) a(3) a(4)
a(6) a(2) a(3) a(4) a(5)
a(7) a(3) a(4) a(5) a(6)
a8) a4) a(5) a(6) a(7)

M-DAPSK A]~Hl-E 98 DPSK W&+= o)A
3 A AlEae] S Fste] sk, Hx
AR AlF oA o] AEL] 914 Conjugation
ksl Al AlEe] 9 FelAd Sageh
M-DAPSK A|&"lollx] Ad H53E A8 74,
$A17] = 1353} 7S M-APSK A|2~8l3} 7+on],
FA17]6l4+= DASK 4 DPSK E-3ol|4 27t LLR
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Quadrature
Quadrature

InPhase T nehase
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32(2,16)-DAPSK Constellation / 5bits. 64{2,32)-DAPSK Constellation / 6bits.

Quadrature
Quadrature
.
RIILTY

[ - -1 0
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(a) 32(2,16)-DAPSK (b) 64(2,32)-DAPSK

a8 3. 27K ZF 9dS Zs= M-DAPSK Wxo] A3=
(P =0.8215, 77,;,,=1.1501).

Fig. 3. Constellations of M-DAPSK with two amplitude
levels (ry,,,=0.8215, T}”-gh=1.1501).
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Code rate Uncoded block Coded block
(LDPC code) length length
1/4 16200 64800
1/3 21600 64800
2/5 25920 64800
1/2 32400 64800
3/5 38880 64800
2/3 43200 64300
3/4 48600 64300
4/5 51840 64800
5/6 54000 64800
8/9 57600 64800
9/10 58320 64800
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Fig. 4. Block diagram of turbo encoder with RSC
method (Code polynomial [13, 15, 17], Feedback
connection : 13).
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Fig. 5. Block diagram of turbo decoder.
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Table 5. Simulation parameters

Parameters Value

8, 16, 32, 64-DAPSK

Modulation

Amplitude levels

. 2, 4
of constellation

Phase levels of

. 4, 8, 16, 32
constellation

Channel coding LDPC coding, Turbo coding

- Code rate : 1/4 (possible rate :

Detail setting for 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5,

LDPC coding 5/6, 8/9, 9/10)

(DVB-S.2 standard) |- Coded block length : 64800

- Iteration : 5, 20, 50

- Code rate : 0.1835, 0.1866,
0.1982, 0.1998

- Code polynomial : [13 15 17]

Detail setting for RSC(Recursive systematic
Turbo coding convolutional) code(Recursive
path:13)

Frame length : 40, 400, 4000
Iteration : 5, 20, 50

64(4,16)-DAPSK using LDPC coding

I ; : —©- 64(4 161 DAPSK using LDPC coding (Code rate =
A ~E5-64(4,16)-DAPSK using LDPC coding (Code rate =

64(4,16)-DAPSK using LDPC coding (Code rate =
64(4,16)-DAPSK using LDPC coding (Code rate = 23, It. =
64(4,16)-DAPSK using LDPC coding (Code rate =
64(4,16)-DAPSK using LDPC coding (Code rate =
—}>—64(4,16)-DAPSK using LDPC coding (Code rate =
——64(4,16)-DAPSK using LDPC coding (Code rate =
27| ke 64(4,16)-DAPSK using LDPC coding (Code rate= 114, . =

BER (Bt Error Rate)

8
I ¢
1T

Tk

20
SNR (dB)

w
i
1

‘a
|

i ———;‘d

1 25 3 «

2l 6. H38e] wE  LDPC H33E  Agole
64(4,16)-DAPSK A]2~Hl°] BER A5~

Fig. 6. BER performance of 64(4,16)-DAPSK system
using LDPC coding according to code rate.

64(4,16)-DAPSK A]~El2] BER Al%S HojZFrh
LDPC E&3lellA 20102 WHE B5E 3lgivh H3
$0°| 7+4E5= BER A5o] HEE AL g
4= gJrh. LDPC Y315 ARS-3= 64(4,16)-DAPSK
A|2sEle FFgo] /49 o], 10°2] BER A%5-2
71$14l 2F 10.1dB9] SNRe| £-7-5 Falgh 4= gjc.

a9 7 ZH]] Aole e EHE FustE A
3= 64(4,16)-DAPSK A ~®l2] BER A%5-S vehd
ol Bl® F5e] A5 2Hq] o7t Z71E BER
Aol BAkElE AS el 4 olr) HR a3
AMSE= 64(4,16)-DAPSK A/ 2EHle B5go]
0.19980]3 =#¢] Zo)7} 4000 i, 10 °2] BER
255 98l <F 8.8dB2] SNRe| &S shaldt &
Sick

a3 8, 28 9, 18 102 Ad HE3l] uE

Modulation : 64(4,16)-DAPSK / Channel coding : Turbo coding

% 64-DAPSK using Turbo coding (It = 5, CR = 0.1835, FL = 40)

64-DAPSK using Turbo coding (It = 5, CR = 0.1982, FL = 400)
84-DAPSK using Turbo coding (It = 5, CR = 0.1998, FL = 4000)
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BER (BILError Rate)
3,
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T

e

T

10 12 14 1. 18 20
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Fig. 7. BER performance of 64(4,16)-DAPSK system
using turbo coding according to frame length.
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Modulation : 8(2,4)-DAPSK / Channel coding : LDPG coding, Turbo coding

I T T
f 8-APSK
| 8-APSK using LDPC coding (It. = 5, CR = 0.25)

8-APSK using Turbo coding (It. = 5, CR = 0.1866, FL = 50)

8-DAPSK
8-DAPSK using LDPC coding (It. = 5, CR = 0.25)

8-DAPSK using Turbo coding (It. = 5, CR = 0.1866, FL = 50)

g \y
I B\
VN \
y o\ \
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0 2 4 6 10 12 14 16 18 20
SNR (dB)

a2l 8. Ad  Fssle uwE  8(2,4)-APSK  Al=HlF
8(2,4)-DAPSK A|~~®le] BER A% (UM 315=5).
Fig. 8. BER performance of 8(2,4)-APSK system and

8(2,4)-DAPSK according to channel coding (iteration
number = 5).

Modulation : 8(2,4)-DAPSK / Channel coding : LDPG coding, Turbo coding

I :
f 8-APSK
| 8-APSK using LDPC coding (It. = 20, CR = 0.25)

8-APSK using Turbo ceding (It = 20, CR = 0.1868, FL = 50)

8-DAPSK

""""" i V. 8-DAPSK using LDPC coding (It. = 20, GR = 0.25)
! 8-DAPSK using Turbo coding (It =20, CR = 0.1866, FL = 50)
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Fig. 9. BER performance of 8(2,4)-APSK system and
8(2,4)-DAPSK according to channel coding (iteration
number = 20).
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Modulation : 8(2,4)-DAPSK | Channel coding : LDPC coding, Turbo coding

I T
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| 8-AP SK using LDPC coding (it. = 50, CR = 0.25)

8-APSK using Turbo coding (It =50, CR = 0.1866, FL = 50)
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Fig. 10. BER performance of 8(2,4)-APSK system and

8(2,4)-DAPSK according to channel coding (iteration
number = 50).

Modulation : 16(2,8)-DAPSK | Channel coding : LDPC coding, Turbo coding
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Fig. 11. BER performance of 16(2,8)-APSK system and

16(2,8)-DAPSK according to channel coding (iteration
number = 5).
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Modulation : 16(2,8)-DAPSK / Ghannel coding: LDPG coding, Turbo coding
T T T

T T
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Table 6. Performance comparison according to iteration
number of decoding in M-APSK and M-DAPSK system
using channel coding
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Fig. 12. BER performance of 16(2,8)-APSK system and
16(2,8)-DAPSK  according to channel coding (iteration
number = 20).

Modulation : 16(2,8)-DAPSK / Channel coding : LDPC coding, Turbo coding
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Fig. 13. BER performance of 16(2,8)-APSK system and
16(2,8)-DAPSK  according to channel coding (iteration
number = 50).
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