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ABSTRACT . .

Luby transform (LT) codes are a class of ratelss codes, and they have capability of generating infinite length of parities
with a given information length. These rateless codes can be effectively utilized to provide broadcasting and multicasting
services where each user is in a different channel condition. For this reason, there have been a number of researches on
the application of rateless codes for satellite systems. In this paper, by considering the current research status on rateless
codes, we present VHLD implementation results of LT codes, for future hardware implementation for satellite systems. The
results demonstrated in this paper can be utilized as a basic information on efficient utilization of rateless codes in the future

satellite systems.

I. Introduction

Luby transform (LT) codes were first proposed as
codes, designed

capacity—achieving performance for a binary erasure

rateless and were to  obtain
channel (BEC) without knowing the erasure conditions [1].
LT codes are rateless codes because the number of
encoding symbols can be generated from the information
symbols is limitless. With rateless codes, every receiver
can access the ongoing broadcast session at arbitrary time
and receive the message with the required quality of
service (QoS), independent of the channel condition.

(MBMS)

introduced in the third Generation partnership project

Multimedia broadcast multicast services

(3GPP) uses forward error correction (FEC) scheme with
rateless codes at the application layer to protect the video
bit stream against packet loss [2]. The satellite system is
an effective means to provide MBMS, and thus rateless
codes are considered to provide satellite broadcasting
services efficiently. For example, in order to overcome the
heterogeneity and reduce the number of retransmissions,
the packet level forward error correction (FEC) scheme
using LT codes was incorporated in satellite data
broadcasting system in [3]. Applications of raptor codes
for the digital video broadcasting via satellite (DVB-S)
system were considered in [4][5].

In this paper, we present an implementation result of
the encoder and decoder for LT codes [1], using VHSIC
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Hardware Description Language (VHDL) [6], for possible
application to future satellite systems. The reminder of
this paper is organized as follows. Section II reviews the
encoding and decoding for LT codes. Section III presents
the block diagrams for hardware implementation of the
encoding and decoding process. Simulation results are

given in section IV. Conclusion is drawn in section V.

I. Encoding and Decoding of LT codes

1. Encoding of LT codes

The encoding process of LT codes is performed
repeatedly by using a given degree distribution [1]. First,
the degree d for the encoding symbol is generated
randomly according to the given degree distribution [7].
Second, d distinct information symbols are chosen
uniformly as neighbors of the encoding symbol. Third, the
value of the encoding symbol is calculated by the
exclusive-or of the d neighbors. Figure 1 shows the

concept of encoding.

encoding
symbol

Information
symbol

Fig. 1. Encoding process for LT codes

2. Decoding of LT codes

The decoding for LT codes are performed by iterative
exchange of information on the Tanner graph as shown in
Fig. 2. With this Tanner graph, LT decoding is performed
using the belief propagation algorithm [1].

At the first step all encoding symbols with a single
neighbor are released to cover the unique neighborhood
information symbol using its value. At each subsequent
step the information symbol that has been covered is
processed as: it is removed as a neighbor from all
encoding symbols which has it as a neighbor and its value
is exclusive-ored to all of its neighbors. Then all such
encoding symbols that subsequently have exactly one

remaining neighbor are released to cover their remaining
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neighborhood
repeated until there is no encoding symbol which only has

information symbol. This process 1is
one neighbor. The process succeeds if all information

symbols are coved at the end of the decoding process.

Information
symbol

encoding
symbol

Fig. 2. Tanner graph for LT codes

. Structures of the Encoder and

Decoder

1. Basic structure of encoder for VHDL

implementation

Figure 3 shows the block diagram of encoder for LT
codes. There are four inputs of "clk”, "rst,” "i_data”, and
"1_fs”, which represent signal for clock, reset, input data,
and input frame sink, respectively. There are two outputs
of "o_data” and "o_fs", which represent output data and
output frame sink, respectively. As we can see from Fig.
3, after receiving input data "i_dadta” with length of k—1,
it is saved to a buffer memory "reg_in"” which is used to
calculate the output data with length of n—1 using

exclusive—or operation based on the Tanner graph.

Memory interface
reg_in; Xor operation
(k-1 downto 0) Based on 0_data—t»
Tanner graph (-1 downto ()
,—l'cg_in—T
——clk——»|

TSt » reg in <=i_data
| g -

i_data $
(k-1 downto 0)

Fig. 3. Block diagram of encoder for LT codes
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2. Basic structure of decoder for VHDL

implementation

Figure 4 shows the basic structure of decoder for LT
codes. There are seven inputs and two outputs. The input
"K", "inc” and "n” represent the information length, the
incremental information length and the maximum
codeword length, respectively. Inputs "i_data” and "i_fs"”
are input data with length "n” and input frame sink, and
"clk” and "rst” are the same as the ones used in the
encoder in Fig. 3. Outputs "o_data” and "o_fs” represent
output data with length "k” and output frame sink,

respectively.

Memory interface
T
——k—» blk
- v
e blk_init
—+n—» reg in <= data in,
T
blk
—tclk—»
¥
B blk_find current |——blk— blk_find_covered
—i_datas
rt——blk
»  blk_released |le—————covered_index
—i_fs—» |
current blk
blk )
blk_covered |[e————covered_index
blk
blk Y
blk_set
T
blk
Y
blk_again blk check
I
blk
- sur—
bk (n-1 downto ()
T
blk_end 0_fs .

Fig. 4. Block diagram of decoder for LT codes

In Fig. 4, we can see that after the memory allocation,
the block "blk_init” is performed under signal "blk”, where
the function of "blk_init” is to initialize the decoder for LT
codes. Afterwards, each functional block will be performed
under the signal "blk” to make sure the sequential
the corresponding condition. The
functional block "blk_find_current” is performed to find the
index of encoding symbol, "current”, which has only one

execution under

neighborhood information symbol. On the other hand, the
block "blk_find_covered” is performed to find the index of

a7

information symbol, "covered_index”, which is the unique
neighbor of the encoding symbol “current” found by the
block "blk_find_current”.

Using these indexes for encoding symbol and
information symbol, the functional block "blk_released” is
performed to disconnect them and cover the information
symbol "covered_index” using the encoding symbol
"current”. Subsequently, the functional block "blk_covered”
is performed to disconnect the information symbol
"covered_index” with all remaining encoding symbols
which have it as a neighbor and its value is
exclusive-ored to these neighborhood encoding symbols.
The function of the block "blk_set” is to reset the local
signals which makes each block to be performed in a
the functional block

"blk_check” is used to check if there is any remaining

sequential way. Afterwards,

encoding symbols with a single neighbor. Depending on
the result, the functional block "blk_inc”
"blk_find_current” is used. The functional block "blk_inc”
is performed to examine if all the information symbols has

or

been covered. If all the information symbols are covered,
then the block "blk_end_inc” is performed, otherwise the
block "blk_again” is performed. In the block "blk_again”,
more data with length of "inc” will be collected and the
decoder will be mitialized for the next decoding attempt.
Block "blk_end_inc” is used to terminate current decoding
attempt if the decoding is succeeded or it all the received
encoding symbols are used.

IV. Simulation results

1. Timing simulation results

We implemented the L'T code with information length &
=12, and the maximum codeword length n=24 with the
distribution in [7], using the software MODELSIM [8]. In
the decoding process, if the LT decoding fails with the
length of encoding symbols is 12, then more encoding
symbols with length "inc=6" will be collected. Taking
these encoding symbols with length of 12+6=18 the
decoding attempt is performed again. This process is
repeated until the decoder recovers all the information
symbols or the maximum number of encoding symbols
has been received.

Figure 5 shows an example of timing simulation results
for LT encoding process. From Fig. 5, when input frame
sink "i_fs" is changed to 1, input data "i_data” is received.
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At the falling edge of the clock, "o_data” representing the
codeword is calculated and output frame sink "o_fs” is

assigned to 1 at the same time.

g Wave -Default

Jtb_topjck
[th_topjrst
[tb_topfi_fs

[th_top/i_data

1010000000
[th_topjo_fs
Jto_top/o_data | 24b.5] 24500000 0 —

Fig. 5. An example of timing simulation results for LT

encoding

Figure 6-14 show the examples of timing simulation
results for each sub-blocks of LT decoding process. In
Fig. 6, before input frame sink "i_fs” is changed to 1,
every signal was initialized with the corresponding value.
When the input frame sink "i_fs=1", input data
representing the received codeword with length of 24 is
received as shown in "data_in”.

Figure 7 shows an example of timing simulation results
after processing block "blk_init”. After being performed,
input data "data_in” with length of k is saved to a buffer
memory "reg_in" and block index "blk” is changed to
"blk_find_current”.

ftb_top/dk
Jtb_topfi_fs
ftb_topfo_fs
ftb_top/data_out
ftb_top/data_in

#  jtb_topfinc

¢ Jtb_topk

#  Jtb_top/n

B New Group

8-/ Jtb_top/RLT_DECODER/reg_in
ftb_top/RLT_DECCDER /blk
ftb_top/RLT_DECODER fcurrent
ftb_top/RLT_DECODER fcover_index
ftb_top/RLT_DECCDER freg_out

Fig. 6. An example of timing simulation results for input
frame sink

Figure 8 shows an example of timing simulation results
for block "blk_find current”. After it is performed, an
encoding symbol with index "current = 17" in hexadecimal
is found, and block index "blk” 1is changed to

"blk_find_covered” at the same time.

fth_top/dk

4 [th_topfi_fs

4 Jtb_topfo_fs
Jth_top/data_out
Jtb_top/data_in
Jtb_topfinc

ftb_top/k
Jtb_top/n
New Group
Jtb_top/RLT_DECODER,freg_in
4 Jth_top/RLT_DECODER blk
4 Jtb_top/RLT_DECODER fcurrent
Jtb_top/RLT_DECODER,/cover_index
Jjth_top/RLT_DECODER freq_out

Fig. 7. An example of timing simulation results for
"blk_init"

Jtb_top/dk

Jtb_topfi_fs

Jtb_topfo_fs

Jtb_top/data_out

Jtb_top/data_in

Jtb_topfinc

fth_top/k

Jtb_top/n

New Group
-/ /tb_top/RLT_DECODER jreg_in
4 tb_top/RLT_DECODER./bk

Jtb_top/RLT_DECODER fcurrent
4 tb_top/RLT_DECODER [cover_index

B’ /th_top/RLT_DECODERfreg_out

Fig. 8. An example of timing simulation results for
"blk_find_current"

Figure 9 shows an example of timing simulation results
for "blk_find_covered”. After it is performed, an
information symbol with index ”"covered_index = B” in
hexadecimal is found, and block index "blk” is changed to
"blk_released”.

Jtb_top/dk
Jtb_top/i_fs
Jtb_top/o_fs
Jtb_top/data_out
jth_topfdata_in
Jtb_topfinc

fth_top/k
ftb_topfn

New Group
- jth_top/RLT_DECODER freq_in
Jtb_top/RLT_DECODER bl
4 [th_top/RLT_DECODER fcurrent
4 Jtb_top/RLT_DECODER fcover_index
-’ /tb_top/RLT_DECODER freg_out

Fig. 9. An example of timing simulation results for
"blk_find_covered"

Figure 10 shows an example of timing simulation
results for block "blk released’. Using the indexes
found in  block

"current” and "covered_index”
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"blk_find_current” and block "blk_find covered”, the
information symbol with index "covered_index = B” in
hexadecimal is updated as shown in "reg_out”, and block
index "blk” is changed to "blk_covered” at the same time.

ftb_topjdk
ftb_topi_fs
fth_topfo_fs
Jtb_top/data_out
Jtb_top/data_in
Jth_topjfinc

ftb_topjk
[tb_topjn

Mew Group
- /tb_top/RLT_DECODER freg_in
Jtb_top/RLT_DECODER,/blk
4 jtb_top/RLT_DECODER fcurrent
4 Jtb_top/RLT_DECODER fcover_index
B /tb_top/RLT_DECODERfreg_out

Fig. 10. An example of timing simulation results for
"blk_released"

Figure 11 shows an example of timing simulation
results for block "blk_covered”. After it is performed, the
encoding symbols which are the neighbors of information
symbol with index "covered_index = 0" in hexadecimal is
updated as shown in "reg_in” in Fig. 11. Figure 12 shows
an example of performing blocks of "blk_set”, "blk_check”
and "blk_find_current” in order.

Figure 13 shows an example of timing simulation
results for block "blk_again”. In block "blk_again” more
encoding symbols with length of "inc=6" bits will be
copied to "reg_in" and the current length of the codeword
"flen” is changed to "12" from "C” in hexadecimal. After
it is performed, the block index "blk” is changed to
"blk_find_current” to control the program to repeat the

decoding procedure.

| Wave - Default

4 Jtb_topjck

4 fto_topji_fs

4 Jtb_topfo_fs
o /tb_top/data_out
o /tb_top/data_in

< Jtb_topfinc

4 Jto_tonk

4 [tb_topjn
B New Group

ftb_top/RLT_DECODER,freg_in 24hF08500

4 [tb_top/RLT_DECODER fblk

4 [th_top/RLT_DECODER fcurrent

#  Jtb_top/RLT_DECODER/cover_index |3
- /tb_top/RLT_DECODER freg_out

4 Jtb_top/RLT_DECCDER/flen

Fig. 11. An example of timing simulation results for

"blk_covered"
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[th_topfdk
[th_topfi_fs
Jtb_topfo_fs
Jtb_top/data_out
Jtb_top/data_in
Jtb_topfinc
[tb_topfk
[tb_topfn

New Group
8- ftb_topRLT_DECODER feq_in
4 [tb_top/RLT_DECCDER /bl
#  Jtb_top/RLT_DECODER fcurrent
#  [tb_top/RLT_DECODER Jcover_index |3
B’ Jtb_top/RLT_DECODER freq_out
#  [tb_top/RLT_DECODER [flen

lk find current

Jtb_top/dk
ftb_topfi_fs
ftb_topfo_fs
Jtb_top/data_out
ftb_top/data_in
ftb_tapfinc
ftb_top/fk
[tb_topfn
Mew Group
f8-* jtb_top/RLT DECODERjreg_in
ftb_top/RLT_DECODER, bk
4 [tb_top/RLT_DECODER fcurrent
4 [tb_top/RLT_DECODER /cover _index
= [tb_top/RLT_DECODER/reg_out
#  ftb_top/RLT_DECODER,(flen

Fig. 13. An example of timing simulation results for
"blk_again"

Figure 14 shows an example of timing simulation
results for blocks  "blk_check”,  "blk_inc”, and
"blk_end_inc” in order. After block "blk_check” is
performed, output data is updated as shown in "data_out”.
Block index "blk” is changed to "blk_end_inc” after block
"blk_inc” is performed.

Jtb_top/dk
[tb_topfi_fs
Jtb_topfo_fs
Jth_top/data_out
Jth_top/data_in
Jtb_topfinc
[tb_top/k

[tb_top/n

New Group
8-/ /tb_topRLT_DECODER freg in
4 Jth_top/RLT_DECODER /blk
4 [tb_top/RLT_DECODER fcurrent
4 [th_top/RLT_DECODER [cover_index |3
[’ [th_top/RLT_DECODER freg_out
4 Jth_top/RLT_DECODER /flen

lk_end ing

Fig. 14. An example of processing sub—blocks

4.2 Frame error rate (FER) simulation results

Figure 15 shows the performance of frame error rate
(FER ) according to symbol energy to noise ratio (£,/N,)
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with the maximum codeword length of n=18 and n=24.
Figure 15 shows that the decoding performance is
increased with increase in E,/N,. Because the decoding
algorithm implemented for LT codes is hard decision
decoding based, the performance difference according to n
not large. The performance of the decoding can be

enhanced if a soft iterative decoding algorithm is utilized
[9].

0.1k

0.01 |

FER

1E-3

1E-4 E

1E-5 L

1 1 1
6 7 8 9 10

E/N, (dB)

Fig. 15. FER performance simulation results for systematic
LT codes

V. Conclusion

In this paper, we presented a method of implementing
the encoding and decoding for LT codes using VHDL. The
simulation results demonstrated in this paper showed valid
timing and functional operation of the implemented results.
In order to enhance the decoding performance, we may
utilize iterative soft decoding algorithm in our future

research.
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