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‘Parallellzed convolutional interleaver
Implementation for efficient DDR memory
access

Jennifer N. Downey, Mary Jo W. Shalkhauser, and Thomas P. Bizon
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Introduction k-

for burst errors

* A previous convolutional interleaver implementation in FPGA block RAM
exceeded the memory elements for large interleaver sizes b

 The DDR interface is 512 bits, but symbols are represented by 8 bits i |n 5
interleaver E

- A parallel implementation is required
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Background

A convolutional interleaver can be implemented with a shift reglste
approach in block RAM in the FPGA.
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Background

When N=4 and B=8, the symbols into the interleaverS,, S,, S,, ...

will produce an output T; of the following when the initial
contents of the interleaver are set to zero:

To T, 71,05 T,Ts...Tg3...=5,00,05,0,00,55,000,5,,00,0,35,,
0005,,0005,,0005,,0005;, 5,00, 5,55, 0,0,5,, S¢ 0, O,

S$105130,0,5,5 5,5, 0,0, 55, 5,,0,0, 55 5,5 0,0, 555, S,5 0, 0, ...
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Parallel Convolutional Interleaver

A single large interleaver of size (N, B) can be shown to be
equivalent to P smaller interleavers of size (N, B/P) operating in
parallel.

Convolutional
Interleaver 0: N, B/P

Convolutional

/ Interleaver 1: N, BJ{P \
— I

Symbols
In

Symbols

Convolutional Seriali
erializer Out

— i
Parallelizer Interleaver 2: N, B/P

Convolutional
Interleaver P-1: N, B/P|
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Parallelizer

The input data symbols, S,, are demultiplexed into to queues to form
blocks of data that are P=4 rows and N=4 columns.

Ss; | Sso | Seo | Sas Sss | Ss2 | S5 | a2 Sio | Sis | S17 | Sis S; S, S; Sy = Interleaver/,

Sss | Ss¢ | S5z | 852 S30 | Sss | Ss7 | S35 || S25 | S22 | 821 | S S; | 86 | Ss | Sy » InterleaverJ,

Sso | Sss | Ss7 | Sse Ses | Sez2 | Sar | S Sz6 | Sos | Sas | Sze Sir | S| Se Ss — Interleaver/; |

Sss | Sez2 | Se1 | Seo Sy | Sss | Sas | Sua Ssr | Sso | S20 | Sas Sis | Sig | Spz | Sy | = Interleaver /;

Block 4 Block 3 Block 2 Block 1

Each parallel interleaver (P=4) is of size N=4 and B=2.
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Parallelizer

The input data symbols, S,, are demultiplexed into to queues to form
blocks of data that are P=4 rows and N=4 columns.

Ss; | Sso | Seo | Sas Sss | Ss2 | S5 | a2 Sio | Sis | S17 | Sis S; S, S; Sy = Interleaver/,

Sss | Ss¢ | S5z | 852 S30 | Sss | Ss7 | S35 || S23 | S22 | 821 | S S; | 86 | Ss | Sy » InterleaverJ,

Sso | Sss | Ss7 | Sse Ses | Sez2 | Sar | S Sz6 | Sos | Sas | Sze Sir | S| Se Ss — Interleaver/; |

Sss | Sez2 | Se1 | Seo Sy | Sss | Sas | Sua Ssr | Sso | S20 | Sas Sis | Sig | Spz | Sy | = Interleaver /;

Block 4 Block 3 Block 2 Block 1

Each parallel interleaver (P=4) is of size N=4 and B=2.
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Serializer

Each row stores the output of an interleaver.

Interleaver], == | 0 [ 0 [ S, |Ss || 0 | 0 | S |Sufl 0] 0o o0 [ss|] 0] 0]fo0

Interleaver /, mmmjp 0 0 | Sy | Sss 0 0 So | S4 0 0 0 | Sy 0 0 0

Interleaver/; g 0 0 | S | Se 0 0 | Sy | Sy 0 0 0 | Ss 0 0 0

Block 4 Block 3 Block 2 Block 1
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Serializer

Each row stores the output of an interleaver.

Interleaver /;, g { 0 0 | Sy | Ses 0 0 [ S; | Ss 0 0 0 | Sy 0 0 0 | Sy

Interleaver /; g 0 0[S, |Ss 0 0 | S5 | S 0 0 0 | Sy 0 0 0 | S,

Interleaver/, mpp 0 0 | Sy | S 0 0 | S, | S, 0 0 0 | S, 0 0 0 | Ss

Inter]-eaver Ij ﬂ 0 0 829 860 0 0 S.fj S4'4 0 0 0 SZS 0 0 0 S_Iz

[ I [ I

Block 4 Block 3 Block 2 Block 1

After serialization, the output symbols are in the same order as those

the single large interleaver: E
Uy Uy, Uy Uy Uy U, ... Ugy, ... =5, 0,0,0,5,0,0,0,5,0,0,0,5,,0,0,0,5,000
S,,0,0,0,5,,0,0, 0, 52&0 0,0, S:75,0,0,55550,0,5,,5,0,0,5,,5500, 5,5,
S:20,0,5,,5,,0,0, 54 S,50,0,5.5, 5,6 0,0, ...

WWW.hasa.gov



Implementation in FPGA

 Data symbols are represented by 8 bits
* 144 out of 512 bits are used in the DDR interface

same DDR address

Address Generator

Control
. 144 . 144
. Writ Read -
Pata A~ Parallelizer -~ of VIS ey 7—*| Serializer
In Fifo Addr Fifo
. LUT
Fifo
DDR Memory

Interface Controller
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Parallelizer

 Each block is stored in a
144 bit wide by N deep
FIFO

* Symbols are written into
the most significant bits
(bits 143:136) of the FIFO
to create the first row of
a data block.

 When the first row is
filled, the FIFO output is
shifted by 8 bits and
concatenated with the
incoming 8-bit symbols.

Data In
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wr_clk d_clk

Din Dout
FIFO

wWr_en rd_en

[ Y

144 bits "oy

p DataOut
..

FifoRead

Control

DataOut

Clock
£ bits
Dataln 18 o
Concat. 7~
DatalnVvalid 4 g
136/bits FifoDout[143:8]
Ed

LSBs
MSBs

Parallelizer FIFO, N=4, P-' &

*  Valid




Address generator

Controller

Iy

e Stores data to be
written to and }

read from the ) Address

Row Address

» Lookup
DDR Counter Table FIFO

*  Write FIFO
* ReadFIFO o

* Generates DDR DDR Input Data Output

Data from Write P2 | Read Data to

—p » —
addresses Parallelizer FIFO DDR FIFO Serializer

* The lookup
table contains *
the starting
address of

each row and is addressed by the row counter the first time through
* The controller increments the addresses and stores them in the Address FIFO

* Once the address in the row becomes equal to the starting address for the next
row, it is set back to the initial address for the row. :

DDR Memory Interface
Controller
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Serializer

* Accepts a 144-bit vector
containing parallel groups Clock S |
of 18 symbols and writes e T »Lj . | Fovousaza R o
them into the serializer 0 g FIFO B s

FIFO. 144 bits
FifoRead FifoDout[143:8]

e When the FIFO contains a DatainValid dwren  rden 4
full data block, circular ‘
reads are started so that Concat. w/
oldest symbol (bits 7:0) of
each vector is output from
the interleaver. > —

Controller < DataOutReady
» DataDutValid

wr_clk rd_clk |«

A" 136 bits

Dataln

* The remaining FIFO data Ready *
(bitS 1438) is shifted by LSBs ‘
one byte and fed back into E— DAC
the FIFO. I

WWW.nasa.gov MSBs Serializer FIFO, N=4, P=4




Soft Symbol Deinterleaver

* Parallel-9 implementation

e Stores 16 slots, with 3 bits Cantrallos
per slot in a memory
location (utilizes 432 of 512 : o

bits available in the DDR) Pow L ookup

Table

Inner
Loop
Counter

Address
FIFO

* Inner loop counter enables
multiple writes to DDR |
memory for PPM orders

DDR Input Data

higher than PPM_16 Datafrom ____ || Write ? S |, Datato

Parallelizer FIFO DDR Serializer

Addresses

* Scaling factor scales the
addresses for higher orders ' ' !

DDR Memory Interface

 DDR4 with 2400 MHz clock controller
rate will implement all
CCSDS HPE 2 GHz slot modes
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Interleaver Utilization Statistics

* Interleaver was implemented in VHDL and tested in the FPGA

* Interleaver symbol rates: 100 MHz for PPM-16 and 50 MHz PPM-32

Address DDR Memory
Resource Parallelizer Serializer Interface Total % Utilization |
Generator
Controller

Slice LUTs 83 293 234 10,406 11,016 3.6
Slice Registers 304 753 304 6,782 8,143 1.3
Muxes 0 0 0 219 219 0.1
Slices 73 214 97 3,451 3,835 5.1
LUT as Logic 33 293 237 8,936 9,549 3.1
LUT as 0 0 0 1,470 1,470 1.1
Memory

BRAM 2 8 2 0 12 1.
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Conclusion
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* An algorithm for using P parallel convolutional interleavers multiplexed
together was designed and has been shown to be equivalent to a large
convolutional interleaver.

* This algorithm was implemented in an FPGA and uses external DDR
memory. -

* The design takes up very little space in the FPGA, leaving significant
room for other parts of the design.

* The same code can be used for a soft decision deinterleaver, with -
changes to the addresses stored in the lookup table and minor changes
to the design. B
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