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Abbreviation

BM : Branch Matric

FPGA : Field Programmable Gate Array
FSM : Finite State Machine

LUT :Look Up Table

QAM : Quadrature Amplitude modulation

PM : Path Matric
PS : Path Select signal
RS : Reed-Solomon

TCM : Trellis Coded Modulation

uw : Unique sync_Word

VHDL : VHSIC Hardware Description Language



Abstract

Originally, cable networks were established to ptevTV signals to a
community that otherwise could not receive reliabl®& signals. With
subsequent addition of more channels, cable TVse hgained enormous
popularity in the general segment as well. With &ldeent of the Internet and
other digital communications, however, cable neksoand channels have
become a focus for transmitting digitized inforroatiat high speed and
bandwidth. This is because a cable network canigeoa high speed digital
communication channel in addition to well knowrditenal cable services.

In cable networks, cable modems provide high spdath transporting
functions between a cable network and a connectst. UCable modems
typically are implemented by a forward error coti@FEC) scheme. The ITU-
T Recommendation J-38 Annex B specifies using 6#d a56- quadrature
amplitude modulation (QAM). The cable transmissiack includes an FEC
encoder, an FEC decoder, and a cable channel. E@eelcoder encodes data
using conventional FEC schemes for transmissiotheoFEC decoder through
the cable channel.

One of candidate coding schemes is a concatendiagcscheme which is
combined RS code and convolutional code. Concateoatling schemes are
considered as being the best solution for powegdtdtection of digital
information against nonlinear and fading noise clehn However, the
convolutional code is not appropriate to high-ons@dulation such as 64-QAM
and 256-QAM. Therefore instead of using convolulonode, TCM(Trellis
Coded Modulation) is best solution for cable modé&ie FEC encoder includes
a Reed Solomon (RS) encoder, a convolutional esedr, a randomizer (e.g.,
scrambler), and a Trellis Coded Modulation (TCMgaufer.

This thesis analyzed the performance of cable mdagoomputer simulation

and implemented the cable modem by FPGA chip.



In implementing the cable modem, there are sombl@ms to fabricate and
fitting on FPGA chip. First, many clocks are neededimplementing cable
modem because of different code rate and differedulation types. To reduce
the number of clocks, we use the two memories, lwvhre different clock speed
for reading and writing data. Second, this systest the bit-synchronization
and frame-synchronization in decoder, the systeogmeize that all data is error.
This thesis solves the problems by using simpléa§es registers and unique
sync-word.

Based on solutions for about problems, the cablelemois fabricated on
FPGA chip name as Vertex Il pro xc2vp30-5 by Xilirand we confirmed the

effectiveness of the results.
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2.3 Randomizer
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or Generating Matrix of [1{(+)3%(+)0%. 1(+)D{+)0%+)0%+)0%] mappe:
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Fig 3-1. The structure of CATV down stream data.
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Fig 4-1. The FSM state flow-chart of TX and RX.
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Fig 4-2. The timing Simulation of RS E\encoder.
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Fig 4-3. The timing simulation of extended symbehgrating.
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Fig 4-4. The timing simulation of RS decoder.
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Fig 4-5. The timing simulation of convolutional énkeaver.
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Fig 4-6. The timing simulation of randomizer.
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Fig 4-7. The timing simulation of differential ercr.
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Fig 4-8. The timing simulation of differential dester.
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Fig 4-11. The timing simulation of BMCal in viterdecoder.
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Fig 4-12. The timing simulation of PSCal in vited®coder.
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Fig 4-13. The timing simulation of trace_back itevbi decoder.
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Fig 4-14. The detection of sync-word.
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Fig 4-15. The total timing simulation of TX and RX.
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1% 4-16. &l ALE3 FPGA 3 (Vertex Il Pro xc2vp30-5)

Fig 4-16. The FPGA chip (Vertex Il Pro xc2vp30-5ed implementation.
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% 4-1. FPGAH FEA] AFEE AloEe] #3 AFE

Device Utilization Summary

Logic Utiization

Used Avallable = Utilization  Note(s)

|
Nurber of Slice Fip Flops: 648 2%
Nurber of 4 input LUTs: B 5%
Logic Distribution: \ \ \ \
umber of occupied Siices' 060 136% %
Number of Sices containing only related logic 060 10880 100%
umber of Sices containing unrelated logic: 0 080 0%
Total Number 4input LUTs: ST 6%
humber used as logic: 567 | |
humber used as a route-th: LM | |
humber of bonded I0Bs: 1% 416 ki
humber of PPCACGS: 0 2 0%
Number of Black RAMs: B 1% %)
Number of GCLKS' E 16 12%|
Number of GTs: TN | § 0|
Nurmber of GT10s: 2% ey, 0 0%

33%= Abgsto] =

10,6500 0] 3L, HAAL] T7%=

ML
e
o

Td 59




Performance Summary

Property Value

INurnber of Unrouted Signals: Al signals are completely routed,

INurnber of Faling Constraints: 0
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