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Design and Performance Evaluation of DAPSK System Using

Efficient Constellation Assignment
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Abstract

In satellite communications, a modulation technique with a low peak-to-average power ratio, high transmission efficiency, and low
bit error rate(BER) is required, and differential amplitude and phase shift keying(DAPSK) modulation technique has been appraised as
a technology that meets these requirements. However, because conventional DAPSK modulation uses a regular constellation diagram,
the Euclidean distance between the symbols in the inner concentric circles of the constellation are quite short. Such a characteristic
degrades the BER. In this paper, we propose a DAPSK system that uses an efficient constellation assignment to improve the
performance of existing DAPSK systems and evaluate the performance of the proposed scheme. From the simulation results, we confirm
that the proposed 16-DAPSK system achieves an signal-to-noise ratio gain of 0.8 dB over the conventional approach at a BER condition
of 10~* when the number of symbols used in the symbol detector of the receiver is 2.
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Fig. 1. Block diagram of conventional DAPSK transmitter
with regular constellation.
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Fig. 2. Block diagram of conventional DAPSK receiver
with regular constellation.
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Table 1. Look-up table for differential coding in 16-DAPSK system using efficient constellation assignment.

Input bits Current state

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 / 0000 0 1 2 0 4 5 6 4 8 9 10 8 12 13 14 12
1 /0001 1 6 0 1 5 10 5 9 14 8 9 13 2 12 13
2 /0010 4 5 6 4 8 9 10 8 12 13 14 12 0 1 2 0
3/ 0011 6 4 1 6 10 8 5 10 14 12 9 14 2 0 13 2
4 /0100 7 7 7 7 11 11 11 11 15 15 15 15 3 3 3 3
570101 11 11 11 11 15 15 15 15 3 3 3 3 7 7 7 7
6 /0110 5 10 4 5 9 14 8 9 13 2 12 13 1 6 0 1
7/ 0111 10 5 10 14 12 9 14 2 0 13 2 6 4 1 6
8 /1000 2 13 2 6 4 1 6 10 8 5 10 14 12 9 14
9 / 1001 13 12 13 1 6 0 1 5 10 4 5 9 14 8 9
10 / 1010 14 12 9 14 2 0 13 2 6 4 1 6 10 8 5 10
11 / 1011 12 13 14 12 0 1 2 0 4 5 6 4 8 9 10 8
12 / 1100 3 3 3 3 7 7 7 7 11 11 11 11 15 15 15 15
13 / 1101 15 15 15 15 3 3 3 3 7 7 7 11 11 11 11
14 / 1110 9 14 8 9 13 2 12 13 1 0 1 5 10 4 5
15/ 1111 8 9 10 8 12 13 14 12 0 1 2 0 4 5 6 4
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XS A3k 16-DAPSK 43

Scatter plot

; Current

\ State 0
al
05 S \. 2

L ®
10 1 5 13 |

Quadrature
=

03

at 8 12
Next state 5 ® °®

by 4 bits input

-1.5 -1 -0.5 0 0.5 1 1.5
In-Phase

a8 7. a&4Q AR WiAHE A= 16-DAPSK
Azds 99 g Fost iy

Fig. 7. Differential coding method for 16-DAPSK system
using efficient constellation assignment.

14




33 44 4B AS

E249) AHE WAYS AHE3H DAPSK Al2Ho]
A A ABS AN S 4E ) EE ol
Aol QRS ol galo} k. 4 ()& 209 RS o)
S 42700 BE 42 Uehie, 4 0 Kl 4%
2 ogaks A2/0 U 42 Yehn)

(z,_,,z,)=argminlc|*—2[<r,c>|

(2, 1€ Qpzy) (1)
(zt—K+17$t—K+27"‘7xt—17xt)
=argminllc I —2|<{r, ¢ )|

(wf—KuEQu fvt—h'\zv“-%”t) (2)

A MM (2, z,)E 2709 AL BE790 &) F
THCE FH9E FAY AES etk r = (. 1,)
25 YL, ¢ = (2, 1, 2,) & 7IF
UERAT < >& B4 A Aake e
18 2708 71 AFEA 204 e
tel 4 ()= AlLtst, ﬁi%k% 7r= 7]
NE Fe A F ol A]

3 59

4
>
=
flo o

> l‘

o
1o
o>
18

© tlo g

H

>
4
>
e
r
EI>"

o 1 o
L o

N, T
o> o
ol

e

3, 7

F—llI oXx o

|
o M
|t

ﬁd
rg

RS
(U
Ho
RN
et
o
>~
>
Mz 4
L

u
~

~
e

N

N
e
oy d

oX

tlo

N

X

N
> fol

o U
S
=
I
1; o “\l
r LU
= o
L8
~
- £ B
i
o
oft

o> oi off

°

4
Gl
N
L
ol
2
o>
s
o
)
N
e
v
K3

L)

e &

g e 4o w

—_
>
-

> e

o i
o mi mjo Y @S wo

oX oM flo 1o rob
i)
i
)
w 2
|
jalch
N
1o
oX
N
"
flo o
5
L N
KT
o MX
o P o

[
j
N
jubd
e
o

o @
B o
offl
e,
ol
ol
N
Mo
=2
o

2
v
>
>
bt

o

)

C

e 2 A o> o 2o TN o oox rr

N
~
&

V. AlZgjold Zat & &4

of

7}L3‘r. %’3], 01 As Jﬂ7}9} A &AL o HIE

5274 AHE WAMES A8 DAPSK Al2E A9 A% w7

' 2. ANEdolAd g

Table 2. Simulation parameters.

Condition
16-DAPSK

Regular constellation(2, 8)
Efficient constellation(4+12)

Parameter

Modulation

Constellation type

Symbol detection Two-symbol detection(K=2)

algorithm multiple-symbol detection(K=3, 4)
r/r ratio 1.2~2.6
Channel AWGN with random phase ambiguity

& Behgith oot e HIHE A% Algdold 24
# 29 2k

AlEF o)Al A 71 B AlRlek= AAE S Wiz wE
1622 FAGRNCH, 71E ALHE A% gdo] 2, 9
}\]- Y o] gl XJ.F{.;G J /\ == /\}%3}% ﬂo}o}b
A 2E 2 5 FAddE N, vEE F «J ol = 1274
9] /‘\jl_g_g 71—L‘ Eo;ﬂo /«4_,)(1: Q.MO /\} 33}31}:}7
rofr®] HlE2 12~26704 TESAt 123 Ad
AL WY 9 E3Ade] H8H AWGN(Additive White
Gaussian Noise) ¥4 &8} T},

I8 82 Aitd AHEE AHESkE APSK Al 2H 9
BER A%< vrehdth ryn ¢l W&o 129 W BER A%
o] 7H ULy, ] go) 18714 Z7k5HA 5ol A,
o W] /4 £& BER A%< Wtk 123 vgo] 18%
dolA Axol dakue AL FAY + ek 2, A
4 A28 AHSHE APSK AZFA ol 182 1)
BER 4%50] 7MY $4:3 2 S % gom, 107!
] BER 45 5217171 $1dted o 134 dBS] SNRO
875 AL #AY 5 ek

3

AN

3

o

o
Ll

J¥ 9= & Z# g3 3= AHshE 16-APSK A
289l BER 52 Wehdnh r/nol H&o] 129 1
BER % %5°] 7P‘P v, v go] 267k S7HEFE A

ol A=, o] W) b FE BER A5L Wk 59,
¥go] 29 WRE BER 4% Alde] ZA o)FolAA]
e FAY 5 9k of AZHL rro] 269 1, 107

9] BER A%< WEA1717] 98te] <F 12.8 dBS] SNRO]

673



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 9, Sep. 2018.

16-APSKwith Regular constellation

100

o
W o2k
W

-©-Regular 16-APSK (r2/r1=1.2)
Regular 16-APSK (r2ir1=14)

109 :3: Regular 16-APSK (r2/r1=1.6)
Regular 16-APSK (r2/ir1=1.8)
Regular 16-APSK (r2/r1=2.0)
-B- Regular 16-APSK (r2ir1=2.2)
Regular 16-APSK (r21r1 -2.4)

L i L I
0 2 4 6 8 10 12 14 16 18 20
SNR, dB

8 8. AtA AAxE

L
b

AH-ER= 16-APSK Al 2~H19] BER
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