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Performance of Concatenated Reed-Solomon and Convolutional
Codes for Digital Modems in HF Data Communications
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In this paper, we propose an improved error correction code in order to improve the performance of digital
modems for HF data communications and verify the performance of the proposed scheme. The proposed scheme
employs outer Reed-Solomon codes concatenated with inner convolutional codes. Numerical results show that
the proposed system significantly improves the bit error rate performance compared to the conventional
PACTOR-III modems. Hence, the proposed system can improve the bandwidth efficiency of digital modems
for HF data communications.
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Table 1. Number and position of the used channels for
different SLs.

SL
N 1 2 3 4 5 6 T
0 0 480
1 0 0 600
2 0 0 0 0 720
3 0 0 0 0 0 840
4 0 0 0 0 960
5 0 0 0 0 0 0 1080
6 0 0 0 0 1200
7 0 0 0 0 0 1320
8 0 0 0 0 1440
9 0 0 0 0 1560
10 0 0 0 0 0 1680
11 0 0 0 0 1800
12 0 0 0 0 0 0 1920
13 0 0 0 0 2040
14 0 0 0 0 0 2160
15 0 0 0 0 2280
16 0 0 2400
17 0 2520
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Table 2. System parameters for different SLs.

SL Modulation CL CR PDR
1 DBPSK 9 1/2 200
2 DBPSK 7 1/2 600
3 DBPSK 7 1/2 1400
4 DQPSK 7 1/2 2800
5 DQPSK 7 3/4 3200
6 DQPSK 7 8/9 3600
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Fig. 1. Block diagram of the transmitter for PHY
modems in PACTOR-III protocol.
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Fig. 2. Impulse and spectrum responses of the
pulse shape filter.
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Fig. 3. Block diagram of the receiver for PHY
modems in PACTOR-III protocol.

B E=Fo X DBPSKE ARgale A3 # |,
3 29& 3 $52718 TESSIT DBPSK
i3 LLR gh& thaa} o] 4g & 9)

_ 2F Re {rkr;;, 1}

2
g

)

2y

L, = N, (Ire+ 7ol == 1D 3)

71N, By A 7 B AU, N, L TR
RN

o #& (additive white Gaussian noise:
AWGN)Y AEEE, o’& #L9 248 Jehdith



HF HloH &
£ ne A% 2H 289 b WA A5E Yed
ot

1=

4 (29 7% DBPSKel g 24 wHEE
Re{rm J BAH EAo] 7HAl BEE
Erar 7Pgskar A4t LLR Fholth [4
AAZ Relrgr,_,}o SAH 54& 7}-?"‘]"

T} 2oz} glom g (2)9] A HEYLS A%
TR o] AWdskr] flske] [5]elAM X
3L LLR Altt4o] =5 3lom (3)3 o] F
2 =xME )3 2ol AME LR #2

mR r—\m

il
o

> 2§k i
o_.%ml

rf'ﬁﬁ

aw

oo X,

o2 ANE LLR ghE) thald $417] A
451 e s R Sy
Viterbi DmEoIA] =g Sastel defel wE

£¢ BYPTL

dlo

BC)
lo

. M etshe A[AH

PACTOR-II E¥le 2 FFFFEZA HAEFA
BEE AREska glov 7] A7) @ol ol 9l
T} & i&oﬂﬁ” HF dlolE 5418 $jek txd 2
dod ALFA B350 RS 3 E 9F H32 o
3 A7 Tiﬁ} WAS ARt Aljbsle WAL
71¥ PACTOR-III =Ho] vl HIE & A5S &

A7 d9E BEeAde SHAE & o
a9 4h HE Hlo]f FAlM A&7 72

5 o
HE RS PES AHEIE UAD BYL A% 44
Q719 HHEE GERIT, T8 4ol 2 4 950
F2718) AR2H Q=d e RS Q=TS A

sttt Algtshs Al2”ClN AMEE RS BIE
GF(256) Aol AAHNeH RS 335 deln|HE
n, k, t= 7tz RS 159 98 Al Zo] RS ¢
29 35 A 2ol 2744 59¢ tehick
e Ak AlzElelAM HE HEES

CRX—S‘} 2ol Foln. EF F =RelXe

e

ro

GF(256) 3ol A9 RS B35 Alg3la glom
2 5o RS 4 A 5& 7o AU 8 HER

hale

Aol TIAE TS 95 RS W AREH B0 o BE A A9 B, 018 T JHE 193

H

T8 4. HF dlolef SAollM HEFHE F59

tHA™ =
°|F RS #2E AEsts CIXIE 2H 2 et
SH71e 28

Fig. 4. Block diagram of the transmitter and receiver
for digital modems employing outer RS codes
concatenated with convolutional codes in HF data
communications.
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Fig. 5. Average bit error rate performance of the

proposed system and the conventional PACTOR-III

modem.
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