HL T 5 AR 2 4R Vol.34 No.6
JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION - 109 -

F3E Holll
2020 4 6 A

DOLI: 10. 13382/j. jemi. B1902740

REFESH APSK SRR T ES LI LN

Z 2 ¥ 2 H3¥ HKAA
(REERZF=AR TP RHEE 300072)

B E AT E B IR A S 82 (amplitude phase shift keying, APSK) ffBlti} 42 Z4 55 AN B A4 SE BLAY [n] 8T, $2 1 T — P 52 2=
1) APSK Bt 7 58 K rL I SN # . BT S, 25T Max-Log-MAP $534% 43 APSK &2 J IR AR M I #EAT X 3:40) 43, Xof 9 31
A DR HMAT 5 R R AR BTSRRI 1, 15 B A R S B i g i A, 20 R RIS A LR AR B A
IR, BT TS B L RS A T E B W] e [ TR 9 (field programmable gate array, FPGA) {415 EEAT 1 PEREN
R, MERLEREW EM LR 14 dB B, R 2S00 APSK fig e s 5 T SEEE 107° 935 L4 % (bit error rate, BER) , 5
(LG e SR P Re B, HHAT B AT 4 B2 5 #E

SRR : MR B AH AL TS ; A S s B T AR T 1 471

hESES: TN9IL3 XHERIRAE: A ERREFZRSENRE: 510.5015

Low-complexity demapping algorithm and implementation
architecture for high-order APSK

Li Hui Peng Yu Han Changcai Chen Weigang

(School of Microelectronics, Tianjin University, Tianjin 300072, China)

Abstract; Aiming at the problem of high-order amplitude phase shift keying ( APSK) demapping complexity and difficult hardware
implementation, a low-complexity APSK demapping scheme and circuit implementation architecture are proposed. Specifically, the
constellation map is divided into regions based on the analysis of symmetry. Then, based on the Max-Log-MAP algorithm, the bit soft
information of the received symbols falling into each region is calculated and simplified, thereby obtaining a formula with a low
calculation amount for calculating the soft information. Furthermore, using the characteristics of the simplified soft information calculation
formula for each bit, the soft information calculation circuit architecture is designed and its performance is tested on the field
programmable gate array (FPGA) hardware platform. Test results show that the APSK demapping circuit using the proposed simplified
method can achieve a bit error rate (BER) of 107 when the signal-to-noise ratio (SNR) is 14 dB, which is close to the performance of
the traditional demapping algorithm and has lower hardware resource consumption.
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Table 1 Optimum constellation radius ratio and
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Fig. 1 The mapping area of each bit in 16APSK
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16APSK demapping circuit

AR R P e c e, XS
PSSty Me, i) arsn, ¢ e iy
BN 5 x, x, M, ¢ WEMALFNS V-
x| (B - x| ) B R—E, EASCEHR, T



5 6 3]

R 24 FE R By APSK fft BB o 1k 5 STt 45 44 - 113

Cy AR I T % R E AT S A, 0% T R AR R
Bl ¢y, T HR(12) P IRTHR AR ITC  H
HAAOA T 105E KB BAS R BN 275X
N 3 fim,

#*3 BHMELAR

Table 3 Quantification of parameters

RABU RT3 VS BEO E 4NEOE S
T L B AR S O BN S
e, AR TR R, LK 5 8 00 K/
T VA5 TR 5, it £ L 880 B3
fir. T 4 B8 A ST PR B A (e 50T
16 bit I dysdd,) FAR OB I AR
iy 5y OORF AL, [ 7] BT SFBLIE SV 5 8 007
S py. TERRPIRLSERLR T A1 B4 B
AN ORI, PR SR 254 5 1 4 5 S S0

15 bits d —|

d
j—14 |
]

BI 6bits—d:l’— ﬁ F lir, [5:0]
d, |

FFEA7/bit HHAL/ bit JINBUSE/ bit
Xy 1 1 6
Xy 1 1 6
cs? 1 2 12
c{? 1 1 6
c§) 0 1 J3HATE]
x[7] 1 bit
x,[7:0]
C06:0] 1
Y
- e
o
x,[7:0] o | ¥
'Y
C9[7:0]
1 bit T
15bi E—
C,0[14:0] bits

Bl 4 mmh RS B R B2

Fig.4 The circuit structure of calculating soft information of b, b,

4 ZEUERKESH

4.1 $HIRMBEDW

BEXF TR AR S 24 3 16 APSK fiff e 55 07 9 % W, i
S5 FEFRE A7 A 0 AR T TR R, B A3
£ 1 B 2k £ Xilinx 24 7 Spartan6 & 51 ) XC6LX16-
CS324 W {148 34 18 75 R JH Verilog HDL, 4 fig U3 41
B AL T8 A S BN 4 PR . BPE05 B AR F
XA B LUK R 10%bit B9 BEHL -6 F 51 4 15 5
2% 16APSK L JAE W 5 75 5] 250 000 455, BB A 4
St AWGN {5 M, Horb (F M L i B 4~ 16 dB,
BRI | BT 5 P A 9 58 B B O 8, B
BB BB TERE N 6,

FEXIAR[E AR Y 16 APSK T (55, 38 3 2 - 4
E B TR 51 5 Log-MAP 535 ik e 553 A1) 4 15
PEAE, BRI N 3.15.2.75 2 2. 60 B 16APSK &
&L &S BT s o 16APSK fiff e 5 4 3% HE 4% 2R (bit error
ratio, BER) fiZk ., " UAHE X AR Y 16APSK
FIER LS Log-MAP 53 FUTHE 7 36 104 o 4
RIMEEAT S, HiL, irée i fif It R &S sgm
fift LS A PERE

F4 EERENKPHEEOLEMKELE
Table 4 The length and bit width settings

of data in performance testing

KB/ 75 {55/ bit
EReal 10 1
AT T2 250 000 8
WS A 250 000 8
i E B 10° 6

10*2_

—+— Gamma=3.15 f£4iLogMapHiE &
—6— Gamma=3.15, 3 H FI R B B0V
Lol Gamma=2.75 A£G LoeMap ik
—4&— Gamma=2.75, 3% H [ U 5%
—— Gamma=2.60,f£ 4 LogMap %
—&— Gamma=2.60, 2 Hi (¥ i B 5 Bk
4 6 8 10 12 14 16
SNR

K5 AIFAEAR Y 16APSK fif LT BER PEAEHIZ
Fig.5 BER performance of 16APSK with different

radius ratio demapping algorithm




- 114 - LSRR R e o

5 34

PIEAR R 2,75 B 16 APSK A f5i] a8 At e S5F i, 2
P B MR, By UEFE ROM H fE A &= AL 5 1
16 APSK JEHIE 5, VB fift e 5 rL 3% A0 5 A 5 X At B 23 v
I 4 SR AT R g 2 SR S R REAE A ROM Y
GRIPHNIEATXT B, G AR A BT o i i 5 F B 1Y
MR 25 RN 6 iR, A TET g, 3T RBER 1L
75 3K A B ELIN R T B BT AR T 9 1 ik S
ATLAE SR A A A8 Ak =X RS 5 0 1LY
FERR N — 3, B T ARSI IER M, 5 — T,
TEfFMEEE R 14,0 dB B, 3X P45 HhZR 9 BER #2354
AL B 25 T (f5 58 7 B AR SCHR A T4k O %) 1k
RERZIE . PRIUL, 7E 1R 25 SRV IO 710 7 32 10 e e i i
MEA 558 Log-MAP 83— AL R TEBE

10" ¢
4

——AEG Tk
—o— ATk
1021 —— 85
—&—FPGAHH
1073}
[
sa)
m
104}
105
10*6 Il Il Il Il L J
4 6 8 10 12 14 16

SNR
K6 FA2L R 2.75 1) 16APSK fiftiit i BER P AE M2k
Fig. 6 BER performance of 16APSK with radius
ratio of 2. 75 demapping algorithm
4.2 EZRERFRSAIN
ERAF BT 2 0 A ol B 0 fie
S 1AM S T Bk s 5 nikas 5 K e BLE R IR
ROk E TS MU IR R E R, RS Hmi T
SR AN TR 53 A WA S — A5 I el B35 0 e i =
2" =16, RMAITTE, IR by b, AR LR B
IR 3 e 3 UL 5 I ILBLE S 115 b, b,
Xof 07 B BE AR AT A3 ) e 3 AT 2 YO R 2 IR L
BOsS . AL I AR SO R — 2 T aevE i A
HEAE TR
RS BREI1INMESHITESRERR
Table 5 The comparison of the computational

complexity for demapping one symbol

Log-MAP Max-Log-MAP ~ SCHK[19] Ak
£ M+m=20 0 0 0
Teik 3 M+m=52 2 M+m=36 18 12
finE 3 M+(M-2)m=104 3 M+m=52 36 10
5 0 (M-2)m=56 15 14

B PR T, A SO S ) L B A 5 i B AR
T RIWT AT 5 BT 76 5 Lo 4 7 22 P TR A X3, 4> IX
WO G BT R E 2T EWARILS . A
PR X B, T 15 11 19 P B8 3 ot 58 e B A 5 1Y) S
55 ER I 5 i, AT WA 45 K8 30 AR A T SR B B T S
B4 A HREEUE BT A, T . B A
L HR SR A A A B0 7 /N BT B A5 T U A AR
THRURAE A e Tk AR A BN T A vk AR 1Y &= A
T W AR B UE— D ] 4 A4, 53T Max-Log-
MAP B3k B e it S B S M He, PR 19 5 kb T
75% (1) 3fe i d

22 ISE 14.7 L5475 , 16APSK fiff e 55k H B% 1 65 7 ¢
TER S L an 2 6 i, Al LAUAE 4 19 16APSK fi#
W S5F F B ELAT B IR E

&6 16APSK FRRRGTRE BT IRERER
Table 6 Resource utilization of 16APSK demapping circuit

BEIRAA R C BT A B FIHZ/ %
Slice Register 126 18 224 1
Slice LUT 350 9112 3
Bounded 10B 27 232 11
BUFG/BUFGMUX 3 16 18
5 & it

APSK I H A T HL A A R A5 R0 S 8 e
)2 0 T AR L A T8 A, AE2 %0 T s I el il 4
TGRSR 5 1 52 J% B e THFE R i A B B2 0, %
XA, ARG DVB-S2 FRifErh 16 APSK I 45 ke 1 2
JE PR A, B2 T — B T Max-Log-MAP FA KR
A JEE PSS 5 05 B AH A PR B SIS BRAS A e e T4
R HURr A A L 0 L& 2R S B AT A D7 vk it
P LSS F B LA 55 B8 Log-MAP B33 2305 19 1R A 4
B 5 52 A% B R G T A 26 W 1 Ak D7 125 18 R B ik />
16APSK fif ST T 75 B U 2 HL I L, PR ke, T i 11 1Y
faT 1t APSK i B 7 12 K L B 45 A6 W] T T S BR A5 R ¢
rh TESE PR I R A% UG ) 52 % B DR E A% i) 7T
FEME
SE3H
[ 1] Ti#s, RARm. MBS 5 TR B 28 4% i A

o (0], W7 a5 AR 24 4, 2018, 32 (4):
144-150.

YANG Y D, WU L N. Realization of SSAE demodulator
of MPPSK communication system [ J]. Journal of

Electronic Measurement and Instrumentation, 2018,

32(4) . 144-150.



5 6 3]

R 24 FE R By APSK fft BB o 1k 5 STt 45 44 115 -

(2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

2K, 56 RGP RIERT Y FBMC T3k (1], o
FiHAR, 2018, 41(5) : 123-127.

XU L T. Study on FBMC modulation scheme with low-
delay in 5G system [J].
Technology, 2018, 41(5) . 123-127.

B, P, TCM-16APSK 7EI {7 #6535 A h i i
FARRSE (1], E A 72 R, 2014, 33(5):
59-62.

LU L, LEI J.

Electronic Measurement

TCM-16APSK in
[J].
Electronic Measurement Technology, 2014, 33 (5) .
59-62.

L, REW, ERH#. RKE A LDPC RAL PR
Fkwrg (1], EAM TR, 2018, 37(8) ¢
1-5.

MA H, WU Y H, WANG H Y. Research on low
complexity optimization decoding algorithm for LDPC

Research on the

communication new technologies Foreign

codes [J]. Foreign Electronic Measurement Technology,
2018, 37(08) . 1-5.

HOU L, ZHANG C, and BAO H. A new 16APSK
mapping scheme for doped BICM-ID systems [ C ].
Proceedings of 2018 8th International Conference on
Electronics Information and Emergency Communication
(ICEIEC), IEEE, 2018.7-11.

LIU Z, XIE Q, PENG K, et al. APSK constellation with
Gray mapping [ J]. TEEE Communications Letters,2011,
15(12) ; 1271-1273.

SIMONS R N. Link of high

spacecraft communication systems for future science

analysis throughput
missions [ C]. Proceedings of International Symposium
on Antennas and Propagation & USNC/URSI National
Radio Science Meeting, IEEE, 2015, 2187-2188.

WM, BT, PR . SRAEMR XL S 2R AE S I
B 2E AR AT [ D] AR A4, 2019, 40(9) .
180-188.

HU M, LI X Y, and CHEN J Y. Ranging error analysis
of sampling noise performance based on Beidou global
signals [ J]. Journal of Scientific Instrument, 2019,
40(9) : 180-188.

SR, WICIE, . BT AR T s i
i £t TH 3L (0], 7 DI RS8R 4 4, 2019,
33(6): 165-170.

WU X, FAN W T, HU F ZH. Carrier frequency offset
estimation algorithm based on a distributed compensation
method [ J].
Instrument, 2019, 33(6) : 165-170.

XIE Q, WANG Z, YANG Z. Simplified soft demapper
for APSK with product constellation labeling [ J]. IEEE

Journal of Electronic Measurement and

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Tranactions Wireless Communications, 2012, 11 (7):
2649-2657.

HE D, SHI Y, GUAN Y, et al. Improvements to APSK
constellation with gray mapping [ C]. Proceedings of
2014 IEEE International Symposium on Broadband
Multimedia Systems and Broadcasting( BMSB) , 2014 1-
4.

BEte, 2T, MK, S e AT — M
AL EM B AR ENT [J]. AR EMR, 2017,
38(2): 261-270.

LUO Q H, PENG Y, ZHOU P T, et al. Analysis of next
generation networking telemetry technology in aeronautical
flight test [ J]. Journal of Scientific Instrument, 2017,
38(2): 261-270.

ZHANG M, KIM S. Efficient soft demapping for M-ary
APSK [ C]. of ICTC, IEEE, 2011.
641-644.
ERFANIAN J,
Reduced
structure for ISI channels [ J]. IEEE Transactions on
Communications, 1994, 42(2/3/4) . 1661-1671.
ROBERTSON P, VILLEBRUN E, and HOEHER P. A

comparison of optimal and sub-optimal MAP decoding

Proceedings
PASUPATHY S, and GULAK G.

complexity symbol detectors with parallel

algorithms operating in the log domain [ C]. Proceedings
of ICC, IEEE, 1995. 1009-1013.

BARUFFA G, RUGINI L. Soft-output demapper with
approximated LLR for DVB-T2 [ C].
Proceedings of GLOBECOM, IEEE, 2015 1-6.

GUL G, VARGAS A, GERSTACKER W H, et al. Low
complexity  demapping
codes [J]. IEEE Transactions
2011, 59(4) : 998-1008.
KANG T W, LEE Y J, KIM Y, et al. Simplified log

likelihood ratio calculation in soft ordered successive

systems

algorithms ~ for  multilevel

. -
on Communications,

interference cancellation for multiple-input multiple-

output digital video broadcasting-second  generation
terrestrial receivers [ J]. IET Communications, 2014,
8('18) : 3280-3289.

WANG Q, XIE Q, WANG Z, et al. A universal low-
complexity symbol-to-bit soft demapper [ J]. IEEE
Transactions on Vehicular Technology, 2014, 63 (1)
119-130.

KANG I W, SHIN J W, KIM H N. Low-complexity LLR
calculation for Gray-coded PAM modulation [ J]. IEEE
Communications Letters, 2016, 20(4) : 688-691.
KALAMPOUKAS A and PALIOURAS V. A novel

algorithm and hardware architecture for low-complexity

soft demappers [ C]. Proceedings of MOCAST, IEEE,



- 116 - LSRR R e o

o 34

2018 1-4.
[22] ETSI EN 302 307-1 V1.4. 1. Digital Video Broadcasting
(DVB); Second generation framing structure, channel
Broadcasting,

coding and modulation systems for

Interactive Services, News Gathering and other broadband

satellite applications; Part 1; DVB-S2 [ S]. France:
ETSI, 2014.

fEEE N

FE 2018 F T Tl K23k
e o= F VA s PN N <2 T 1 o e = oY
R oA EERES RS,

E-mail ; hui_li@ tju. edu. cn

Li Hui received her B. Sc. degree from
Hebei University of Technology in 2018. Now
she is a M. Sc. candidate at Tianjin University. Her main
research interest includes communication circuits and systems.

B2,2017 F T RERFPG %+
SAAL, B KRR AE 0 BE SR 3 ST
FET7 1) g TR AR 2 A R o B R
E-mail :3013204217@ tju. edu. cn

Peng Yu received her B. Sc. degree from

Tianjin University in 2017. Now she is a M.
Sc. candidate at Tianjin University. Her main research interest

includes the code modulation technology in satellite

communication.

BERCHEEE) , S AE 2003 4F Al
2006 4F T ILAR R 22 4R A 2 b2 o A
17,2009 4 FAL 5T MR LR A 4R AT 22 40
2o PNy IE S € st Y st i (B ]
TR AT RS P 45 55 7 T AT SE
E-mail ; cchan@ tju. edu. cn

Han Changcai ( Corresponding author) received B. Sc.
degree and M. Sc. degree from Shandong University in 2003 and
2006, and Ph. D. degree from Beijing University of Posts and
Telecommunications in 2009, respectively. Now she is an associate
professor at Tianjin University. Her main research interests include
wireless cooperative communications and wireless sensor networks.

BRI, 2003 4 F IA R S 3k 5
07,2008 AT AR R AR S, B
. HRHRFRIBE , FENFTLAL AR M

. 2 NN SN oSS TR N S
J!m E-mail ; chenwg@ tju. edu. cn
- Chen Weigang received his B. Sec.
degree from Shandong University in 2003, Ph. D. degree from
Tsinghua University in 2008. Now he is an associate professor at
Tianjin University. His main research interests include wireless

sensor networks, information theory and coding.



