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An Iterative Coded Turbo Equalization Model in
High Data Rate Wireless Application System

Baek, Chang Uk

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In next-generation wireless communication and 5G-based mobile communication,
error-free  communication with high transmission efficiency and reliability in a
limited bandwidth is required along with diverse services. Highly reliable
communication is difficult with wireless communication systems due to
surrounding environment, movement of transmitters and receivers, and various
noises. Channel coding technology should be applied to overcome these problems.
In addition, an algorithm that can overcome the loss of transmission efficiency
caused by the application of channel coding technology should be applied.
However, since there is a trade-off relationship between improved transmission
rates and performance, it is difficult to satisfy both. Thus, recently, methods to
improve both transmission rates and performance simultaneously are being studied.
Accordingly, this dissertation proposes a channel coded turbo equalization model
that enables improved performance in a high transmission wireless communication

system with improved transmission efficiency.

The topic of this dissertation can be largely divided into two aspects:

_iX_



performance improvement and high transmission efficiency.

First, a turbo equalization model combined with iterative codes for performance
improvement in a wireless communication system was investigated, and a soft
decision-based iterative coding schemes such as the convolutional code-based
BCJR, turbo codes and LDPC codes were introduced. Subsequently, the
performance of these coding schemes was comparatively analyzed. The BER

performance analysis through the simulation showed that the LDPC code was

approximately 1.2 [dB] at BER 0 °, which was the closest to the Shannon's
channel capacity limit. In addition, the LDPC coding method was suggested as a
channel coding scheme suitable for high-speed wireless communication by
comparatively analyzing the characteristics of each coding scheme for complexity,

decoding speed and performance.

Second, the algorithm that achieved high transmission efficiency was
investigated. Conventional high-transmission efficiency algorithms such as
punctured, FTN and MIMO algorithms were introduced, and these three were
comparatively analyzed from the perspective of the same transmission rate. In
addition, MIMO-FTN and P-FTN algorithms, which combined each of the
punctured and MIMO algorithms with the FTN algorithm to maximize the
transmission efficiency, were proposed. The performances of the proposed
algorithms were analyzed through the simulation from the perspective of the same
transmission rate, and the W-ZF based MIMO-FTN algorithm was found to be
the best. However, the performance degradation due to the application of FTN
occurred, and subsequently, a turbo equalization model of FTN signals based UEP

was proposed to overcome this problem.

The UEP scheme was applied to the MIMO-FTN algorithm to maximize the
improvement in transmission rates, and the UEP-FTN transmission scheme
applying the OFDM scheme in multi-path channels was proposed. The
performance of the proposed UEP-based FTN transmission scheme was analyzed
through simulation, which showed that the application of the UEP scheme led to

the improved performance. Based on this study, a turbo equalization model to



achieve the performance improvement and high transmission efficiency was

proposed.

In addition, not limiting its usage only in the surface wireless communication
but expanding its scope to underwater acoustic communication, the way to apply
the model to underwater acoustic communication was investigated. Based on the
decoded data and the turbo equalization-based UEP-FTN model that improved the
transmission efficiency and performance in underwater acoustic communication, a
method to calibrate the frequency and phase of the following packet was
proposed. Its efficiency was verified through the actual underwater experiment at

Gyeongcheon Lake in Mungyeong-si, Geyongsangbuk-do.

The results of the experiment showed that the proposed method worked

efficiently.

KEY WORDS : Turbo equalization; Unequal error probability; Faster than Nyquist;

Underwater acoustic communication; Multiple input multiple output.
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2.2.3.2 [EEE 802.11n 7|9+ LDPC ¥-&(Short size)
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2.1 IEEE 802.11¢] &4

Hebstr] 9 s
g o] AMREH 3 9t} Table
T4 Ao E4e JEdth

aLekd

Table 2.1 Comparison of IEEE 802.11 wireless communication standards

802.11 802.11a 802.11b 802.11g 802.11n
5.15~5.25

Spect: 5.25~5.35 2.4 GH

pecirum 2.4 GHz 2.4 GHz 2.4 GHz ?

Band 5.725~5.825 5 GHz

[GHz]
. FHSS or OFDM
Modulation OFDM DSSS OFDM
DSSS or DSSS

Established 19974 1999 19994 2003 20094

Data Rates 1~2 Mb/s 54 Mb/s 11 Mb/s 54 Mb/s 300 Mb/s
71E 7 A 7eEY 7P & 92 fA Al HE A eE =9
AEEzoltt, MY FA FAldAE 2 AEEE7E B85k o]d 2y
20099 9€ IEEE 802.11n 7|&9 F37F ga¥on, 1% AL &£ &
BASH7] sliA ARgE tisEZQ 7]s2> MIMO, OFDM 18] 7ZEgk e /744
B3 HRE RHEel LDPC B 3solt} 802.11lnoA+= BHRE RBsel LDPC =&
Mejm oz Agste] 14 dlolE BN td Ad e v B8
o= AHAgth 2008 3L F/NE At FA @ EF [EEE 802.11n Draft
2000 A@ Ra3} Hae FAHAo=E LDPC 371 AAHo Ak LDPC
5 &5 4o 648, 1296, 19442] 37k = =0} glow, ZA7te| &=

ZAolo)| sl 47} B35 & 1/2, 2/3, 3/4, 565 A YeE= FAHE] Uk
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E=5 Zo] N=648, 1296, 19440 ol Z+Zt B=27,54,81°9] A2¥t. I[EEE
802.11n E ol #AE LDPC H 359 Fgg HAYE S EEZol9} BT &9
wEt 12719 sielEl AAF dEo] AgHT. I F RIoje &5 o
N=19440]1 B 5318 1/221 dgle] AAF 88 H s§E-& Fig. 2.100] YeERAUTH
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i 57 50 11 50 79 1 0
3 28 0 55 7 0 0
3o - - - 2437 - - 5614 - - - - 0 0
62 53 - - 53 - - 3 3B - - - - - - 0 0
40 - - 2066 - - 2228 - - - - - - - 0 O
0 8 42 50 8 0 0
m
69 7979 - - - 5% - 5 - - - 0 - - - - - 00
65 - - - 3857 - - 72 -27 - - - - - - - - 00
64 - - - 145 - - 3 - - 32 - - - - - - - - 00
-4 - 700 - - - 779 - - - - - - - - - - - 00
2 56 57 35 12 0 0
1 24 - 61 - 60 - - 2751 - - 161 - - - - - == == - == - 0

Fig. 2.10 The parity check matrix of 802.11n ( 1944, B=81,rate = 1/2)
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2 2432 B9 p, B TEE pREHE O 4 Q42 Ed 7 5 A
P =X+]11 .m0 (2.44)
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Table 2.2 The parameters for LDPC in IEEE 802.11n

Coding rate Information Code word Row weight | Column weight
() block size (A7) | block size (V) () (d,)
972 1,944 8 12
1/2 648 1,296 8 11
324 648 8 11
1,296 1,944 11 8
2/3 864 1,296 11 8
432 648 11 8
1,458 1,944 15 6
3/4 972 1,296 15 6
486 648 15 6
1,620 1,944 22 4
5/6 1,080 1,296 22 4
540 648 20 4
Table 2.29] Zz} R 3383 AR HES =7|d wE row weight®} column

weightE o] &3t DVB-S27]%F LDPC H &9 HZ A2l Fig. 295 &85l

255

802.11n7]¥F LDPC #-3%&= DVB-S2 ~7]¥F LDP
o]t LDPC #5¢| 8% Ao|z7t 24% A
Ad B4 weh, mE vzl ol A@E B A
Z7F #2 802.11n 7|¥t LDPC H-3 9} BEoje] EF Afo|=7}

C #3xrt
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T4 534S A% I8 F353 7198
19930l At BlE HS= 7]EY &R/ Fos WA F
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Access)®t CDMA2000(Code Division Multiple Access 2000) @]9
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Table 2.3 The parameters for simulation according to channel coding method

LDPC Turb
Coding Convolution Hrbo
DVB-RCS
Method BCIR) 802.11n | DVB-S2 | DVB-RCS
NG
Coding
1/2 1/2 1/2 1/2 1/2
rate ()
Information
. 972 972 32400 848 1504
bits (X)
Iteration 5 603] 603] 53] 53]
Modulation BPSK BPSK BPSK BPSK BPSK




UER AL Qo

sHAl 2

H] ol

(e}

=

BER A

=

T

o

2]

Fad 23

Fig. 2.11¢

FRem AFH

S

o

o
ﬁo

o
-

=K

i}
-

3ty LDPC

A7 shof of

LA

il
-

7N

HEe)
25 shgo] m

45

H
H
H
H
d

=%=Turbo
Turbo-Pi

== |_DPC(DVB-S2)

35

3

25

EsNo(dB)

3 A

9

Aol A&

2

23]
=]

5

1
]

o] doj7} 4

E

-S2 7

AR
Z DVB

=

R

A A

]

Fig. 2.11 The performance according to channel coding method

o

El

)=

=

Al
toem LDPC #35+ W2 S

[

4

2 HNE g oglen

o

< e

t}. Table 2.49]

}

°
pal

Fofof

(<

=

1 84F vl



Table 2.4 The comparison of characteristics

of iterative code method

. Decoding Packet Rate-
Performance | Complexity speed size [bits] compatible
BCIR Normal Decoder Up to Unlimited Punctured
100 Mbps
Turbo Up to Up to
code Good Decoder 20 Mbps 2000 Punctured
LDPC Up to Up to ~ .
code Excellent Encoder 1 Gbps 64800 H-matrix
Table 24E 3] LDPC &&= & F 7HA] 3Rt B357|e BTt ¢
B235719 & &=t M e & A ole dagFe 7=
stegoldor g WE FHol shsdlel m& At sbsE] Rt
thebek M Rzt sl dis) A% 2 BE &%, 2asle EgE §
1HHYS W 1% TH FAS 9% HHe Rz /WL LDPC HE9Y
gl st ok
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Fig. 3.1 The block diagram of punctured LDPC system



Hs3sls 1/291 LDPC Hzsir1& Axl H = &A% LDPC BES7|2
dEs ARG, 2] LDPC HE7]= F4lwke] LDPC HE7|¢t 5Y3tH
H3S HAA Puncturing & 9IXE ARk AFL 6719 AR & A=
T Ao 7 dAE ol 2o

oA 1. puncturing® HIE 4 ZA

- Y= FE &9 wiet puncturing® HIE 5 ZAA3 o]
E

S REs) ol MES Fo 128 234Y £

¥ &
i
ol
i
rr

puncturing H]

9A 2. ZF A3 o 7F-El(counter) A A
- ZF A3 wTo A Ao JMEHE AAIL ojuf] JLEH =

HelE HES] £=2 27|33,

N

- AR Yk AL =EE SHER st WA 1462 7HLE7} 0] B
W7lA e g 2 AleHE s A3 wERE APt ddE 42
wEo] 7heEd 18 Hat

A 4. G4 304 AEE AT =To| AZAHoYE HE & F 71A F

< node degreeE 717 HIE L= A€

)
(i
R
(m
b
(n
K3
rO
ihd
i
N
lu
b
(n
oy
i)
rlo
]
o
&

A 5. GA 4ollA A

degreeE 7HA& A3 =& 44

A 6. DA S5olA A= =Tof A% node degreert HAVF HeE HE



T2 puncturing 9 X & ZAA3c}

- puncturing 9IX2 ZAAHH BHIEE “0” &= puncturingdttt. I1E]3r
A 1914 22 puncturing BIESFE TS wj7tx] @A 1~6S RS

“0” ©Z puncturing 3 HIEE 4355 HAEE o T dolHE LA
ZA Ho}, FAlTE A el HEZE RE7]o) o9 2 w, F53tE& 1/29
LDPC ¥ 35718 B33 v ELY Ns&= o

B 2K=N (3.D

2K=N 71¢] BlEX B 7} puncturing &aglE 9] p7/l THF puncturing
Hol xittar & w puncturing 9 HIEL S 7= o 4 B2 2o

C=2K—p=N—p (p<N/2) (3.2)

HFaskg 12€ A&sdS W AEH= vl Jes 26=N 7 oA
puncturing €1 8]&E2S A L39S A 26—p=N—p 72 dHolgr} AEH
. = puncturing & BRIES] = poll whe} 1 F5318S HEAIX A TLT
ALE F4ES 45 & Utk LDPC 359 RS3go wE F 509 9}
puncturing & glEFS HAEAA TG FHIIfE&ES A7l A po AFe

o2 2 3.3

p=02—-1/R) « K (3.3)
A F 5o F57]9 d¥HE HIE K=32400 /| Q1 A5 F353k& 125 7+



o2 LDPC #3575 543 B3 24 3.Dol 93| 2K =64800712 ¥3&

to rlr

o7} A4 Eth LDPC #3529 H53l& 4/59 AFEN 5L AFES G5
A3t po] AFE 2] B Y3 p= 2— }5 x 32,400 = (2— i)x32,400§
T F A F, 12 ¥353t& LDPC #3575 A F puncturing ¢318l&S

53 24,30071¢] B ZoJE puncturing A|7]® LDPC H3o] HE&3}8 4/5
&

AEAZ A TAT AEEES 2 T UG

Puncturing ¢arglEo] g = 4l dolel= LDPC E&7]o|A] puncturing
H OHE woo 2/ZS <07 02 AT BNUY CNUS AL ukEsiel
E5 gt

sl= UHDTV(Ultra High

= = Elr| o] AH|2~7F 7}
T3 Ed FHx deol Basl HUrh ole) Fas theol ojs) Fof
A= Nyquist 58T 24 A5S 1458= FIN eI F2 iy g

FIN ¢3g&2 19759 James E. Mazo[9]7} A L3t A T, FAoE 2

AT E zt= FIN F417] Fdo] Brlssie] 2o AAS WA= 319
AR 2000 o] & r]&eol WEZ <A3te] Jonn B. Anderson SOl 23 ThA|
FEE7] AZSFATHITI8I9]L 2 FHe vAE s xF3F 7]19< DVB
AXE 3AH 8RS AsT4E A% 7IE€EA FIN 7|€S AESROH,
5G °o]ETAl Ax=EHE A FAAHS $RIV|EEE FIN 7€ AEHT At
[331.
FIN 23852 Fog didoA Foix= Nyquist SE=HTH wa2A J5s



ol
N

o
—

o

=l
97 A
A

o

=

Bl

=0
1 Es A&

= A% 2 FIN &

= ol A

=

F= 10,00071 <]

S

&

N 7+5QF Nyquist & 50

<

w
S
J

i
i

o

N
o}
Gl
4o
&

o

2

o]

3

48

FINE

e o,

=

A =

<
T

A ZEEQE 20,0007 2] HolElE AL

0% =

o

7vaHA

=
[}

AEEo] 2012

=
=

FeF IS

o
fEA

=l

b ol 4% A3l el B

J|

2 aa

Bdo

3he] ISIZ}
AAL &

o

A
o

0

i

el
°

why
Ao
&

il

SRRC(Square Root Raised Cosine) ZH

1
|

Fig. 3.2

1 (Nyquist rate)

(@



) =0.7 (FIN)

Fig. 3.2 FTN signal modeling for time domain
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Table 3.1 The design of efficient STTC code
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Table 3.2 Data rate comparisons according to throughput method
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Table 3.3 Simulation parameters

Channel coding LDPC (DVB-S2)
Coding rate 1/2
AWGN
Channel Rayleigh Xd(i}ng + AWGN
Information bis ) 32400
Interference cancellation BCJR equalization
LDPC inner iteration 60
Turbo equalization .
iteration
FTN interference ratio ' 0%, 10%, 20%, 30%, 40%
Channel detection W-ZF

Transmitter : 2
Number of Antennas )
Receiver : 2

Table 3.3¢] ste}WElS 2 &3] FIN, P-FTN 121 MIMO-FTN¢| A%<
A8 9§ AlEdoldS —’FT'SE%PS’S\E}. Aledold 742 AWGN(Additive
White Gaussian Noise) 3H4 3 AlE F7] 7T ¢ A2 EHZAQN X E A E
Rayleigh fading A2 11&3}% ). Rayleigh fading Ad2
o] Wyl fla, FARdAE Ad FAS AP L Jdva 7HEEAT
FINS 7H4 H&< 0% ~ 40% 7HA 10% S92 AAsgon 744 AA <4
g&2 BCRR 31715 A&3tdth. MIMO &ag]l&e] 4% &

270 A+E e, Ad By dugFez W-ZF 7
o}.

AWGN 9 Rayleigh fading 374olA 2z dug&el gt AEE R o s
SNR A%< Table 3.4 YeEASIT



Table 3.4 Performance comparisons according to data rate and throughput

method
AWGN Rayleigh +
Puncturing | & HEE AWGN
Method 1 e ¢ 5 (1 ( ) [ SNRTABT | SNR [dB]
(BER=10 °) | (BER=10"")
- 0% 1.0 1.2 2.6
- 10% 1.11 1.3 2.7
FIN - 20% 1.25 1.7 3.0
- 30% 1.43 2.2 3.6
- 40% 1.67 2.9 4.4
- 50% 2.0 3.2 4.8
0 0% 1.0 1.2 2.6
3400 5% 1.11 1.4 3.0
7200 10% 1.25 2.0 34
11440 15% 1.43 2.8 4.2
g 16200 20% 1.67 3.8 54
21600 25% 2.0 5.0 6.6
23140 30% 2.22 6.4 8.0
25000 35% 2.5 8.4 9.8
27000 40% 2.85 9.4 -
29420 45% 3.33 10.8 -
- 0% 2.0 1.2 3.0
- 10% 2.22 1.4 34
MIMO-FTN - 20% 2.5 1.8 4.8
(W-ZF) - 30% 2.85 2.4 7.8
- 40% 3.33 2.8 13.5
- 50% 4 3.0 -




Table 3.404 P-FIN2] puncturing B1E ¢} FIN 7+ ®l&o] w2 AEE
(1/R)& T2 2 3.26)S E3) Atz

1/ , = (3.26)

ANEHolAd A3 AWGN % Rayleigh fading Ad AN FL3I HAEE
dRANA 2+ dug]ES s B435H MIMO-FIN 7| & W-ZF ¢ag&&
283 A7t dsol /M s S & vk W-ZF daglEol A&
H MIMO-FIN 71'"H¢] 7% FIN¢ HdHIE& 0% A-Fo= & - 54 Fey
2NE AHESt AEE R 2 2.00] At olef TYF AFES 7] A=
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HE <= 2160070 2F FINS| 7H W& 25% S A &3&tojol U3 ASES 94L&
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fading g AN E <F 6.6 [dBle] AeS HEYth 28l FINe| 7§
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gEs A& A5 Boh Aol €3 28 sty o]+ punctured ¥al
Zgo Qs BE A $23% vES &4 Ad o s Aol
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Fig. 4.1 The block diagram of turbo equalization for UEP-FTN system
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Table 4.1 Simulation parameters for UEP-FTN

Channel coding LDPC (DVB-S2)
Decoding method HSS algorithm
Coding rate 1/2
Channel AWGN
Number of sampling bits(SRRC filter) 100
Roll off factor 0.35
Average FTN Interference ratio ( ") 20%, 30%, 40%
Number of 4
LDPC inner iteration 60
Turbo equalization iteration 5
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Table 4.2 UEP parameters setting I (¥ =20%)

Interference rate for each priority group (%)

' ’7',2 7’/3 7’/4
Type 1 22 21 19 18
Type 2 18 19 21 22
Type 3 30 25 15 10
Type 4 10 15 25 30
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Fig. 4.9 The performance comparison FTN between UEP-FTN for Table 4.2
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Table 4.3 UEP parameters setting 1I ( "=30%)

Interference rate for each priority group (%)

7" 7'/2 T/3 T/4
Type2 27 29 31 33
Type4 15 20 40 45
Table 4.4 UEP parameters setting Il (' =40%)
Interference rate for each priority group (%)

7'/1 7',2 7',3 7'/4

Type2 38 39 41 42
Typed 30 35 45 50
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Table 5.1 Parameters

for underwater acoustic communication experiment

Verification of proposed o
Verification of

doppler and phase offset
UEP-FTN method

estimation
Date 2014. May 2019. April
Source 500 bit text 972 bit text

Channel coding

(2,1,7) Convolutional code LDPC (802.11n)

Modulation

QPSK BPSK

Packet Size( )

500 [symbols] 1944 [symbols]

[kbpsl2 s}t

Age) AeE WP TxE

Coding rate 1/2
Bit rate 1 [kbps]
Center frequency 16 [kHz]
Sampling frequency 192 [kHz]
Distance 400 [m] 280 [m]
Water depth 43 [m] 43 [m]
Tx : 2 [m] Tx : 10 [m]
Depth
Rx : 20 [m] Rx : 37 [m]

X T3l =d 7|4k UEP-FIN =d9 As& #4357 93l 802.11n 7|4tk
LDPC #&5& Arg3stor, Mz W22 BPSK W24 A8ttt =3 55
H HelHE JWter tg di3lY Fag g AN BAS ste dagEY
B8RS AF37] AR dolE spRFoE WA £ de QLD
2% Fs5E Fgstdoer EaHE BCR ¢1ngss 839t 7+ 719
AY BT FAVE Neptune D/17/BBE A}F&3}4 3, 417]= B&K 8106& A}
gttt 718k A7) Abole] A= Ao 400 [m]=2 &k3ia, wkEat 3t
T AEY FaesE 47 16 [kHzl 2 192 [kHzIZ st e, dEE2 1

Fig. 5.63 22 deE st
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gddste A vee " =6.25%, 7,=9.37%, T,=37.5%, 7,=46.875%=Z
A7gstAth Ase) HEL Zh HolEl 33l Atolo] DHolE

o ME3tAth UEP7E F &5 A &2 FIN 2359 oF MFE A T8
© 2 Table 5.2 Yet o UEP7} 2 && FIN A& oF /f4E A3
T2 2 Table 5.3°] YRy AT

Table 5.2 Number of errors according to FIN (7 =25%)

Interval # 1 2 3 4 5
Uncoded .
neode (1944 bits) 304 | 267 | 295 | 106 | 109
error
teration | 1st | D, ©72 bits) | 210 | 208 | 232 0 0
of  fong | D @2 ity | 102 | 181 | 213 - -
decoded
error | 3rq | D, ©72 bits) | 186 | 160 | 193 - -

Decoded error (972 bits) 186 160 193 0 0

Table 5.3 Number of errors according to UEP-FTN (7 =25%)

Interval # 1 2 3 4 5
Uncoded )
D, (1944 bits) 329 203 215 114 125
error
fteration Ist | D, (972 bits) | 245 113 121 0 0
of fonq| b @it | 251 | o 0 0 0
decoded
error 3rd | D, (972 bits) | 239 0 0 0 0
Decoded error (972 bits) 239 0 0 0 0
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Fig. 5.6 ¢ &2 7 725 o83t AdPdS IPsuth 2Ad F5317]
He o8 A dolg AfEA AT F de Q17N A% FEsr|E At
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T =F T F5 AN Fagol oS BAste WRS A8
HE 53 mdo] AM5S& Table 549 Yelyiglt. Table 540+ =&}
A4e F4 & F T37E B4 & &F /5, BHE T3 mdo] HEH
E57)9F F3l7]9 AA dHE 3 ©E LR/NS, AT 5EE T 2R/ NFE
et ok 459 AEe ZF dolg 3zl Atolo] H#o]E Fil 5 WhE
ste] AEsHon, A FEOZ Table 5.4 JeR AT
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Table 5.4 Number of errors according to conventional coding method

Interval # 1 2 3 4 5
(1000 bits) 336 218 48 434 469
Uncoded i
D, (1000 bits) 521 508 95 458 488
error
Total (2000 bits) 857 726 143 892 957
D, (500 bits) 244 139 0 261 261
Ist | D, (500 bits) 253 262 0 261 224
3} (1000 bits) 497 401 0 522 485
Iteration D, (500 bits) | 251 65 0 243 245
of
2nd i
decoded D, (500 bits) 251 352 0 265 236
error Total (1000 bits) | 502 417 0 508 481
D, (500 bits) 236 0 0 262 245
3rd | D, (500 bits) 249 302 0 244 252
Total (1000 hits) | 485 302 0 506 497
Decoded error (1000 bits) 485 302 0 506 497

Interval #3¢] HolH = WhES 13 S-S o] BE HolBHE H3d -
HE 531 a3 &4 g2 Aoz = HolHE 53
A

. 3FA % Interval #2¢] HlolEl= A WA ©lolE I

ot ¥
als 4
s 0 F
% go 2
== o rr

Lo

=)

o

i)

ojN o
N
oot
2
oo
[

l"iTi 121 & preamble Ho]EE
tlolEl sfZlel] ZHzt

)
WgsFE PHos = WA doly iﬂfﬂa B SFE Al Ad Rrs)
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Malats A AY S4ol o8 T WAl Held e B3 BrESA.
Interval #2¢] ®lolg el tial Abshs B PAe A4 UY ANE

Table 5.5 YeER ST},

Table 5.5 Number of errors according to proposed coding method

Interval #2 Conventional Proposed
(1000 bits) 218 218
Uncoded X
D, (1000 bits) 508 508
error
Total (2000 bits) 726 726
D, (500 bits) 139 139
1st D, (500 bits) 262 238
Total (1000 bits) 401 377
Iteration D, (500 bits) 65 65
of
2nd i
decoded | 2 D, (500 bits) 352 110
error Total (1000 bits) 417 175
D, (500 bits) 0 0
3rd D, (500 bits) 302 0
Total (1000 bits) 302 0
Decoded error (1000 bits) 302 0
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