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0.01847 9 21830400 4.12*% 10-7
0.02928 16 19501824 8.20* 10-7
0.03415 424 12516096 3.39*10-5
0.03981 894 3783936 2.36*10-4
0.08576 493999 3783936 0.13
0.10000 315791 2037504 0.15
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4. m3naaeunvlilsunsy Matlab

Softerare Application
Programming with MATLAE

Rs-232

Turbo codec with BSC

(Binary Symmetric Channel )
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5. nSnennsnlilunnazluga

d o <3
5.1 Wan¥uuaen Interleave

n$wennsily

Number of Slices: 196 outof 10752 1%
Number of Slice Flip Flops: 107 outof 21504 0%
Number of 4 input LUTs: 345 outof 21504 1%
Number of bonded IOBs: 24 outof 242 9%

Number of FIFO16/RAMBI16s: 4 outof 72 5%
Number used as RAMB16s: 4

Number of GCLKSs: 1 outof 32 3%
Minimum period: 7.031ns (Maximum Frequency: 142.236MHz)
Minimum input arrival time before clock: 5.642ns

Maximum output required time after clock: 5.723ns
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5.2 Wen¥uuaen Turbo Encoder

(Y] d' Y
n3nennsnla

Number of Slices: 766 outof 10752 7%
Number of Slice Flip Flops: 408 outof 21504 1%
Number of 4 input LUTs: 1249  outof 21504 5%
Number of bonded 1OBs: 27 out of 242 11%
Number of FIFO16/RAMBI16s: 11 outof 72 15%
Number used as RAMB16s: 11

Number of GCLKs: 1 outof 32 3%
Minimum period: 7.841ns (Maximum Frequency: 127.538MHz)
Minimum input arrival time before clock: 5.752ns

Maximum output required time after clock: 4.001ns

5.3 Wanvuudan MAP Decoder

U d' Y
nSnennsnla

Number of Slices: 4125 outof 10752 38%
Number of Slice Flip Flops: 1073  outof 21504 4%
Number of 4 input LUTs: 7299 outof 21504 33%
Number of bonded IOBs: 150 out of 242 61%
Number of FIFO16/RAMBI16s: 34 outof 72 47%
Number used as RAMBI16s: 34

Number of GCLKs: 2 out of 32 6%
Minimum period: 14.964ns (Maximum Frequency: 66.825MHz)
Minimum input arrival time before clock: 14.668ns

Maximum output required time after clock: 4.001ns
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5.4 Wan¥uvuaean Deinterleave

(Y] d' Y
n3nennsnla

Number of Slices: 196 outof 10752 1%

Number of Slice Flip Flops: 107 outof 21504 0%

Number of 4 input LUTs: 345 outof 21504 1%
Number of bonded IOBs: 24 out of 242 9%
Number of FIFO16/RAMBI16s: 4 out of 72 5%

Number used as RAMB16s: 4

Number of GCLKs: 1 outof 32 3%
Minimum period: 7.031ns (Maximum Frequency: 142.236MHz)
Minimum input arrival time before clock: 5.642ns

Maximum output required time after clock: 5.723ns

5.5 ﬁeﬁ%’uuﬁen Turbo Decoder

(Y] d' Y
n3nennsnla

Number of Slices: 5381 outof 10752 50%
Number of Slice Flip Flops: 1881 outof 21504 8%
Number of 4 input LUTs: 9363 outof 21504 43%
Number of bonded 10Bs: 37 outof 242 15%
Number of FIFO16/RAMB16s: 63 outof 72 87%
Number used as RAMB16s: 63

Number of GCLKs: 2 outof 32 6%
Minimum period: 14.401ns (Maximum Frequency: 69.440MHz)
Minimum input arrival time before clock: 7.039ns

Maximum output required time after clock: 5.723ns



41
agl

@ o < @ @ o < @ @ J
1. ﬂ1§Wﬂlu1W\1ﬂ°ﬁuua@ﬂﬂ'ﬁlf’lgl}'liﬁﬁ"ll@\clﬁﬁﬁlﬂﬂiiﬂ!laguaﬂﬂﬂﬂﬂﬁﬁﬁm@\1§ﬁﬁlﬂﬂi

% o o < 1 o o
Tudgamelulseneualeiladsuvaendes «f @18a1¥1 VHDL uaz laiimsnaasumsiinu

[ &Y <3 1 [ Iy d v < o kY 9
"’U’ﬂ\ul?’]azﬂ\iﬂ%’u‘ﬂa@ﬂWaﬂﬁ']ﬂg'NLWIﬁ$1/\I\‘]ﬂ"ﬁuua@ﬂﬁ']iJ'lﬁﬂ‘ﬂ'N']ullﬂQﬂﬂ@\i

d v ) d I Y
2. MINAgoUNINFUNIMINIUYBITZUY TﬂEJfﬂiﬁ'JiJW\‘lﬂﬂfu‘]JafJﬂﬂ'ﬁL‘lsl}WiWﬁlmz

< o o o Y o o Ay v ¥ o @
‘Uﬁ@ﬂfﬂﬁﬂ@ﬂﬁ’iﬁﬂl@\?ﬁﬁﬁlﬂﬂﬁjﬂ LLﬁ’JuWﬁiyﬂlﬂﬂ!Lfﬂﬂﬂﬂhlﬂ*ﬂ"lﬂﬂ?il"’lﬂll‘ﬂﬂiﬁﬁWIfJﬁI‘UiJ']

3 a Y o I o o A <3 @ )
‘ﬂamﬂuaumﬂwﬂuua@ﬂmmamwﬁmmmaﬂu WINAFDUUADNNITDDATHAHITNINU
9 A 1 :/} o o ] [ d? o w A 9
Qﬂﬁ@ﬂﬁi@ulll ﬁnﬂuuVITﬂWiVIﬂﬁ@‘UIﬂEJﬂ”Ii%”Iﬁf’N“b’f’NﬁﬂJuﬂJﬂmelluiﬂ IﬂﬂuTﬁﬂJuﬂJ”Im&@W!VWIUlﬂ

@ o I a ] o { @ ]

nnmsnsiames luintleowiudunnvesresdynna BSC Nansnlsust Probability of
Y as}l 0 A v o I a Yo <] @ 4
error hlﬂﬁﬂﬂuuu%@TﬂWﬂNTH%@QﬁﬂJﬂJﬂTﬂ!ﬂﬂﬂﬂutﬂuﬂuﬂﬂiﬁﬂﬂﬂﬁﬂﬂfﬂﬁﬂ@ﬂﬁ’iﬁ“’ll@xu‘]/li’)i
A < v A :/1 ' o 9 = = ' 09: Ay Y
I‘]JLWE]'I/]@ETE]'IJ'UQ@ﬂﬂ?iﬂﬂﬂiﬂﬁ@ﬂﬂi\?ﬂ'lﬂ'l\ﬂugﬂ@]@\iﬂi@hlm %Qwﬁﬂi1ﬂ§]31ﬂﬂﬁ®\1ﬂimﬂ]‘1ﬂ

4
o v o @ o o
Wimsneasuiudneasiaveunes luawnsoinuldgndes

a A o o o J o '
3. mynadoulszaninmuesiinensiavessiames ludiemsdiumia  Bit
Error Rate (BER) 11 Probability of error A1813 ¢ #a1l31ngi1lsz@ninmuesdineastidedlu
s ] Y1y a a 1 o J I~ o ' 9 LY '
waing  szmnldndnlsz@niaman q awnan vaeniliiduvesdinudisiduazdin
@ @ o A @ g A ) J 4
poAsHAveseamos o IdWanvuawnsonazih liszgnd sl uszuumsdeasgiuuy

ouq 14



42

PN TI91999

%

v o J a o A aoy o a [ J
FYIAU llfalj’lfﬂﬂ, ATNA RURYINA HAZINYTAANA ATNUIUIRN. 2545. ﬂTilefhﬁﬂﬁLL‘U‘U

av 4 Aadg a 4
Turbo Codes, 1. 1-10. S189IUMINIIVG. AUdNA TuTagdannsonnd

£l

HAZADNNUADS LY 4.
Benedetto, S. and G. Montorsi. 1996. Design of parallel concatenated codes. IEEE Trans.Comm.

Berrou, C., A. Glavieux and P. Thitimajshima. 1993. Near Shannon limit error-correcting coding

and decoding:Turbo codes. Proc.19931Int. 1: 1064-1070.

Hagenauer, J. and P. Hoeher. 1989. A Viterbi algorithm with soft-decision outputs and its

applications. Proc.GlobeCom. 1: 1680-1686.

Ohtsuki, Tomoaki and Joseph M. Kahn . 2000. BER Performance of Turbo-Coded PPM CDMA

Systems on Optical Fiber. Journal of lightwave technology.

Robertso, P. 1994. Illuminating the structure of code and decode of parallel concatenated recursive

systematic(turbo) codes. Proc.GlobeCom. 1: 1298-1303.
Ungerboeck, G. 1982. Channel coding with multilevel/phase signals. IEEE Trans.Inf.Theory.

Valenti, M.C. and J. Sun. 2001. The UMTS Turbo Code and an Efficient Decoder Implementation
Suitable for Software-Defined Radios. International Journal of Wireless Information

Networks.



