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. Objectives

» SDI (Serial Digital Interface) video interface implementation:

= implementation of a Lattice tri-rate SDI PHY IP core on a Lattice FPGA
of the Enciris LT-125 board

» H.264/AVC bitstream decoder hardware architecture design and

Implementation
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1. SDI video interface implementation

» Objective:

= 3G/HD/SD SDI video input functionality on LT-125 board
» What was done:

= Use of Lattice tri-rate SDI PHY IP core

=  Study of the Lattice tri-rate SDI PHY IP Pass-through demo

= Adding of several blocks: Sync-signals, sdi_422to444, and YCrCb to
RGB converter block




1.1

1.2

. L2 13 4 ns 116

Waveform Generator

TG 700, etc.

Waveform Monitor

WFM
7100,
7120, etc

([

rxdata

LatticeECP3
SERDES

txdata

<«

h'

\ =

Tri-Rate
SDIPHY
P

LCD display

00000000
00000000

[] LaticeECP3 FPGA
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11.2 SDI video interface implementation

r— LT-125 Lattice ECP3-150 FPGA
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I11. H.264/AVC bitstream decoder hardware architecture
design and implementation

» Objective:

= develop a custom H.264 bitstream decoder for Enciris encoder
(high bit rate: 50 Mbit/s; 1080p30)

Macroblock

' of pixels
Reference i P > hl_te; 0
Frames i Prediction \
Input Video
Decoded Intra >0 Predicted Bitstream
Picture Buffer | Prediction macroblocks (NAL)
i YCbCr
| Block of
Current i Pixels - Residual ;
Frame {—DEI;I.‘;EI‘”‘E 64— IT&IQ i““‘;ﬂ
(reconstructed) | ! et Prediction ccodet
i Block + residual
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1.1 H.264/AVC data stream structure

VCL NAL Units f f‘%‘{fﬁ . X

NAL  NAL NAM/ \’ g e, | s
IDR  SLICE SLICE SLICE I
Start code -
(Byte sequence:
0=00000001)
HEADER DATA
Shp fﬂdfcari@n ) E Or @e 08 M@ skip @ rcml 1BL + FW_MV + BW_MV

Modes Reference Frames Motion Vectors
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I11.2 H.264/AVC bitstream decoder hardware architecture

Biistream decoder
Master state
miachine
T
Bir buffer
Video bitstream
—_—
T3] Swartcode LBl FIF0 || Byte buffer
I eltector ¥
; ¥ ¥
! FLC buffer VLC buffer
el
! ¥ ¥ ¥
: Fixed length Exp-Golomb CAVLD
i decoding decoding decoding
. ¥ [ ) [ 7
, 3 i i
I
R N Bit buffer
i- interface
i T
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i SPS PPY Slice header Macroblock Macroblock
i decoder decoder decoder header decoder data decoder
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111.3 FLC, Exp-Golomb, CAVLD decoding

FLC (5 bits) Exp-Golomb
code_num | Codeword code_num | Codeword
0 00000 0 1
1 00001 1 010
2 00010 2 011
3 00011 3 00100
4 00100 4 00101
5 00101 5 00110
6 00110 6 00111
7 00111 7 0001000
8 01000 8 0001001
16 coefficients = 24 bits CAVLC
4x4 block:
A
CAVLC/CAVCD : Ve /a/j = 000010001110010111101101
different sets of variable-length PV v
codes are chosen depending on = = == - == — - - - —m - - m oo
the statistics of recently-coded 24 bits >16 coefficients CAVLD
coefficients
4x4 block:
P
000010001110010111101101 === =
Ay
0] &0
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111.4 Development progress
Bitstream decoder
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[11.5 Tools used in the FPGA development flow design
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U_th_clock
th_clock v

[11.6 Simulation and results

VHDLENTITY: th_clock

U bsd

bsd SchDoc

L

st first_mb_row ¢
U_tb read bitstream fast mb_col [ <
b read bifsir last mb row [
_read_bitstream.v odd mb_col [}
5 sysclk byte_data[7.0] %:D din[7..0] first_mb_col [}
> sysrst byte_fetch "] dn_fetch mh_pos_v[6.0] [
byte_empty [ > din_empty mh_pos_x[6.0] [
end_of stream <
end of stream [ f—————— mb_hsize[7.0] [
: : is mb fast [ 1
VHDLENTITY: tb_read_bitstream \ e I
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Example of a video H.264 test file used in the simulations in ActiveHDL
N | 1 F P2 F IDR 3 F P4 F  1DR
" " )
el m o 5 Ml 5 =
g | gt il 'f4 Hfil
00:00:00:000 00:00:00:033 :00:00:066 00:00:00:100 00:00:00:133
PO 0 POC =2 =0 POC =2 POC =0
£ §P3 gps
* I B *
Field Valus = ' = | Field Value -
¥ zeq paramnster ==t _rbsp() X |E ¥ macroblock =
1 = index O¢0=0)
profile idc 10040, . \ = Startiddres=ibit=s) 276 {0x114)
constraint_setl_flag fal=e [ Lengthibit=) IBI{0x171)
constraint_setl_flag fal=e X _— frame~fi=eld frame
constraint_setZ_flag fal=es | =liceHo 0¢0=0)
constraint_setid_flag fal=e - g IZE =lice tvpe I =lice 8
4 ' ' m 3 E 4 i 3
I
Acthe PG Brtinea P0G | [ "_: E MB E Slice | m NAL| @ Ref Pic List |
| ST e sy 254 b1 As Per Stream / YUY Dumping Disab 00:00:00:133 100% AU:0  Slice: 0 MB: 0

;

oD D o oD 0o 0000

o O O

0

0o
0o
6d
0o
6
92z
ca
cZ
nz
36
74
a’l
06

1 2 3 4 5 6 7 8 %5 a b c d e f

R |

[~ Edit Mode &8 [ ASCII

67 64 00 le ac 1b 1a 81 60 94 40 00 B © He= € Binar?\

00 01 68 ce 3c 80 00 00 00 01 65 b8 00 04 QO 00000000
0b a0 c6 01 a0 00 76 00 06 €8 00 09 34 cf 32 00000018
09 ec 68 51 3d 16 cb a0 5f 99 c2 e0 03 2d d8 00000030
cb 56 ad d2 70 01 96 94 00 la 71 ¢l 8e &d e9 00000048
51 40 06 e6 3e cc 8 1d la e0 af a0 bl c6 6a 1 uoooooen
48 af 00 06 a7 00 04 cc 6e d7 22 53 98 b8 00 noooooye
2f 80 03 4e dd le f4 9c 01 96 78 02 30 8e d0 oanonn=0
80 0f 75 a0 la 79 d0 00 la 6a cb 00 Ob 07 QO HonooDAS
17 9f 52 7e a5 00 33 90 7c b5 78 dé fd 6a 19 panoonen
03 2¢ 9c 01 96 dd Of £5 27 00 65 93 80 cb 8e EEEEEEEE
9 db 86 14 e8 00 1b a0 06 2e 46 26 f9 aa 4a 0000108
8c 95 6e b7 49 c0 19 69 40 06 c6 dd 5c 60 Sc ¢

59 38 5f 00 98

03 Z2e ka Oc 28 03 a0 66 80 185

ooooo0oo0le? ed0non lE—I 1481 6094 4000000001 623 CE 3C 2000
00000165 E8000400000BADCE 01 AD00 76 0006680009 34 CF 32
6D 09 ECE8 51 3D 16 CEAOSF 99 C2 ED 03 2D D3 00 CEBGe AD D2 70 01 96
94 0014 71 C1 8EGDE9FS 51 40 06 E6 3ECCFEFS 1D 14 EO0 AF A0 B1 C6 64
92483 AF 0006 A7 0004 CCREDY 22 5398 BA00CAZ2F 003 4EDD IEF4
9C 019 78 02308ED0C2200F 75 A01A79D00014AcACEBOOOEOY OO
0217 9F 52 7EAE 00 3390 7CBE 78 D6 FDEA 193803 2C9C 01 96 DD OF
FL 27006592 830CEBSE 74 SEDE 86 14 EB 00 1B A0 06 2E 46 26 F9 Ad 44
A7 BCO9L EEB7 49 C0 1969 4006 C6e DD EC 60 9C 06 59 3803 ZEBA 5F OC
2803 A00066 80 18 983 A2 CE 3992 E41853EC45401921300C4E7
62 3C01 3278 0266BATFFO0C 2802 A00056 4200 44 C00EBY9F 36 91 93
E9 79429405 C35D023C01 3278026561 E9DE 7830264 F0 04 CAED

s
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[11.6 Simulation and results

[ Active-HDL 9.3 (dec_h264 dec_h264) - untitled.awc = R4
Eile Edit Search View Workspace Design Simulation Waveform Tools Window Help & on ox
B-E-H z9 B IOHER MY O R S [ prp w0 Hew 3400ns  + 2
X EHO R LD R B LA « i) e B B % el &lho
’ﬁ'-;,tbibsd j Signal name: Value . . 2000 2200 2400 2600 2800 3000 3200 W0 W
ofmarted > fio_bsdlU_bsd/CLK 1100 7300 -
Workspace 'dec_h264': 1 design(s) DAL i = 20 = 2 = 5
- o tb_bsd/U_bsd/DIN_EMPTY 0
=& dec h264 = ti_bsd/U_bsd/DIN_FETCH 0 gigipgigipigiphy
@\ Add New File = tb_bsd/U_bsd/FIRST_MB_COL 1
1 & B mb_hdrv = tb_bsd/U_bsd/FIRST_MB_ROW 1
2 = @1 bsdw = tb_bsd/U_bsdIS_MB_FIRST 1
3 & & th_clocky = tb_bsd/U_bsdS_MB_LAST 0
PR = = R_bsdlU_bsdILAST_MB_COL 0 1
5 8t read bitstreamy = fia_bsdl_bsd/LAST_MB_ROW 0 1
B e verllog tracebt Ib_bsd/U_bsd/MB_HSIZE 16 of 2 1
. b_bsdlU_bsdMB_POS_X 00 o
| Hcrest hp_skip.264 Ho_bsdlU_bsdMB_POS_Y 00 nn
5 EJth_nc_compute stimuliv o_bsall_bsdB_VSIZE = = — =
7 =B mb_residuzly a tb_bsd/lU_bsd/NamedSignal_FIRST_MB_COL 1
kk_trace_dec_mp.bdt ar tb_bsd/U_bsd/NamedSignal_FIRST_MB_ROW 1
kk_trace_dec_hp_skip.tt [ ar fb_bsd/U_bsd/NamedSignal_GND1_BUS 0 g
8 8 slice_headery ar tb_bsd/U_bsd/NamedSignal_IS_MB_LAST 0 |
9 # &1 th_bsdow [ ar tb_bsd/U_bsd/iNamedSignal_MB_POS_X 00 oo
] dtest mp264 o t_bsd/U_bsd/ODD_MB_COL 0
| e _test 1110119201088 1.254 ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_fic_vid 0 1 M I
10 & Jb\t_buﬁ‘er‘v nrJ'm,hsd/u,h5dfP\nS\gna\,u,h!tfhuﬁer,!'\c,wmd 0001 0000 [ 0001 0000 0001 [ 0000 0001 [
. ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_if_exp_golomb_fetch 0 L 11
h24 function_pkg.v a t_bsdIU_bsd/PinSignal_U_bit_buffer_if_exp_golomn_sel 0 |
Bk trace dec hp st ar Rb_bsdlJ_bsdPinSignal_U_bit buffer_if fic_fetch 1 [ e R e I e R L U L
11 8/ it buffer ifv [ ar 1to_bsd/U_bsa/PinSignal_U_bit_buffer_if_fic_len 01 [ ] [ = o [ o o o o o
| kk_test hp.264 ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_not_full 1
| kk foreman_cif_rec_new.264 [ ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_o_exp_golomb_decoding 0000 0001 0026 0015 [ 0000 0001 0000 FFFD 0000
12 w8 start_codew ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_o_exp_golomb_vid 0 1 [ [
13 B8 nnz_1024:5_dp_ram_ebry [ ar tb_bsd/U_bsd/PinSignal_U_bit_buffer_o_zera_prefix_length 0 g 5 g g g 9 g 8 @ 8 @
14 o+ Jn:_cumpute.v ar tb_bsd/U_bsd/PinSignal_U_master_fsm_enable_mb_residual 0
15 i Jmaster_fsm.v ar tb_bsd/U_bsd/PinSignal_U_master_fsm_enable_mbl_hdr 0
. ar tb_bsd/U_bsd/PinSignal_U_master_fsm_enable_pps 1 [
16 =& ppsy
o ar tb_bsd/U_bsd/PinSignal_U_master_fsm_enable_seq 0 |
#% Add New Library ar tb_bsd/U_bsd/PinSignal_U_master_fsm_enable_slice_header 0
el dec 264 library a ftb_bsd/U_bsd/PinSignal_U_master_fsm_first mb_col 1
wilf ovi_ecp31 library ar tb_bsd/U_bsd/PinSignal_U_master_fsm_first_mb_row 1
Cursor 1 -
. = . Kl R
wave.asdb SIM
|8 Fies % Stucture ;3 Resources Elmaster fsmv fil libraries ;Eth_read_bit ;5 untitled awc
run 100 ns -
% |. % RERNEL: stopped at time: 3200 ns
run 100 ns
4 KERNEL: stopped at time: 3300 ns
run 100 ns
% KERNEL: stopped at time: 3400 ns s
>
B Console

NUM [INS

15
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111.6 Simulatiop and results

Simulation results for SPS layer in Active HDL

e [th_bsd/U_bsd/U_spsirst
e [th_bsd/U_bsd/U_spsiclk
e lth_bsd/U_bsd/U_spslenable_seq
ar fib_bsdil)_bsd/ll_spsir_state
ar fth_bsd/U_bsd/U_spsir_profile_idc
ar fth_bsd/U_bsd/U_spsir_constraint_set0_flag
ar fth_bsd/U_bsd/U_spsir_constraint_set1_flag
ar fth_bsd/U_bsd/U_spsir_constraint_set2_flag
ar fth_bsd/U_bsd/U_spsir_constraint_set3_flag
ar fth_bsd/U_bsd/U_spsir_reserved_zero_4bits
ar fth_bsd/U_bsd/U_spsir_level_idc
ar fth_bsd/U_bsd/U_spsir_seq_parameter_set_id_sps
ar fth_bsd/U_bsd/U_spsi/r_chroma_format_idc
ar fth_bsd/U_bsd/U_spsir_bit_depth_luma_minusd
ar ftb_bsd/U_bsd/U_sps/r_bit_depth_chroma_minuss
ar fth_bsd/U_bsd/U_spsir_gpprime_y_zero_transform_bypass_flag
ar fth_bsd/U_bsd/U_spsir_seq_scaling_matrix_present_flag
ar fth_bsd/U_bsd/U_spsir_log2_max_frame_num_minusd
ar ftb_bsd/U_bsd/U_spsir_pic_order_cnt_type
ar fth_bsd/U_bsd/U_spsir_log2_max_pic_order_cnt_lsb_minusd
ar fth_bsd/U_bsd/U_spsir_num_ref_frames
ar fth_bsd/U_bsd/U_spsir_gaps_in_frame_num_value_allowed_flag
ar ftb_bsd/U_bsd/U_spsir_pic_width_in_mbs_minus1
ar fth_bsd/U_bsd/U_spsir_pic_height_in_map_units_minus1
ar fth_bsd/U_bsd/U_spsir_frame_mbs_only_flag
ar fth_bsdiU_bsd/U_spsir_direct_8x8_inference_flag
ar fth_bsd/U_bsd/U_spsir_frame_cropping_flag
ar fth_bsd/U_bsd/U_spsir_vui_parameters_present_flag
ar fth_bsd/U_bsd/U_spsir_valid_seq

[#1 ]

O = =0 =00 00 =00

Trace file created by
JM ITU-T C code

5P3:
SP3:
3P3:
3P3:
5P3:
5P3:
SP3:
5P3:
3P3:
5P3:
5P3:
SP3:
5P3:
3P3:
5P3:
5P3:
5P3:
5P3:
3P3:
5P3:
5P3:
5P3:
3P3:
3P3:

i : [ trace dezid ﬂl

profile ide
constrained set0 flag
constrained setl flag
constrained set2 flag
constrained setd flag
regerved zero 4bits
level idc

geq parameter set id
chroma format ide

bit depth luma minusd
bit depth chroma minusd

01100100
0

0

0

0

0000
00011110
1

010

1

1

logeless gpprime v zero flag 0

geq scaling matrix present flag 0

log2 max frame num minusd

pic order cnt type

log2 max pic order cnt 1sb minnsd

num ref frames

0001101
1
0001101
010

gaps in frame num value allowed flag 0

pic width in mhs minusl

pic height in map units minusl

frame mbe only flag

direct 8x8 inferencs flag

frame cropping flag

vui parameters present flag

000010110
000010010
1

0
0
0
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| kk_verilog_trace.bxt - Notepad++
File Edit Search View Encoding Language Seffinffei Rus__ 01 Afinds

[11.6 Simulation and results

2

cHEE a4 D2 el Tracefile created

by

Trace file created by
JM ITU-T C code

=] kk_verlog_trace bt E:i| AtheHDL
1
2 5P5: profile ide 01100100
3 5P5: constrained setO flag a
4 5P3: constrained setl flag a
5 5P3: constrained set2 flag a
6 5P5: constrained set3_flag a
7 5P3: reserved zero 4bits 0000
& 5P3: level ide 00011110
9 5P5: seq parameter_set_id 1
10 SPB5: chroma format ide 010
11 SPB5: bit depth luma minusg 1
12 5P5: bit_depth chroma minusg 1
13 35P5: lossless_gpprime v zero flag a
14 35P5: seq scaling matrix present flag a
15 5P5: logl2_max_frame num minusd4 0001101
16 35P5: pic order cnt_type 1
17 3P5: logl_max_pic order_cnt_lsb minus4 0001101
18 35P5: num ref frames 010
19 35P5: gaps_in frame num value allowed flag a
20 35P5: pic_width in mbs minusl 000010110
21 35P5: pic height_in map units minual 000010010
22 5P5: frame_mbs_only flag 1
23 SP5: direct £x8 inference flag 4]
24 SP5: frame cropping flag 4]
25 5PS: vni parameters present_flag 0
28
27 PE5: pic parameter set_id 1
28 PP5: seq parameter set_id 1
29 PPS: entropy_coding mode flag 0
30 PP5: bottom field pic order in frame present flag b
31 PP5: num slice groups minusl 1
32 PP5: num ref idx 10 default active minusl 1
33 PP5: num ref idx 11 default active minusl 1
34 PP5: weighted pred flag a
25 PPS: weighted bipred ide o0
36 PPBS: pic init gp minus2é 1
37 PBS: pic init gs minus2é 1
38 PPS: chroma gqp index offset 1
39 PPS: deblocking filter control present_flag 1
40  PP5: constrained intra pred flag ]
41 PP5: redundant pic cnt_present_flag ]
42
43 35H: first_mb in slice 1
44 35H: alice_type 011
45 S5H: pic_parameter_set id 1
46 S5H: frame_num 0000000000000000
0000000000000001

47 SH: idr pic id

(100)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0)
0)
0)
0)
30)
)
1)
0)
0)
0)
0)
12)
0)
12)
1)
0)
21)
17
1)
0)
0)
0)

=}

(-]
L2
(-]
(]
(]

I T R ]

wom

15

[
B i R R T R Y

[ N I R CR CR

wom

SH:
SH:
SH:
SH:
SH

: idr pic_id 1

(100)

(
(
(
(
(
{
{
{
{
{
(
(
(
(
(
(
(
(
{
{
{
{
{

(
(
(

: profile_ide 01100100
: constrained secO_flag ]
: constrained setl_flag 0
: constrained setl_flag 0
: constrained set3_flag 0
: reserved zero_4bits 0000
: level ide 00011110
1 seqg_parameter_set_id 1
: chroma format ide 010
: bit depth luma minusg 1
: bit_depth chroma minusg 1
: lossless qoprime vy zero_flag ]
: seq_3caling matrix present flag ]
: log2_max frame num minus¢ 0001101
: pic_order_ent_tvpe 1
: log2_max pic order cnt_lsb_minusd 0001101
: num_ref frames 010
: gaps_in_frame num value_allowed flag 0
: pic_width _in wbs_minusl 000010110
: pic_height_in map units_minusl 000010010
: frame wba only flag 1
: direct Exf inference flag a
: frame cropping flag a
: vui parameters present flag 1]
: pic_parameter set_id 1
: seq_parameter set_id 1
: entropy_coding_mode flag 0
: bottom field pic order_in frame present_flag 0
: num_slice_groups_minusl 1
: num ref idx 10 active minusl 1
i num ref idx 11 active minusl 1
: weighted pred flag 1]
: weighted bipred ide 0o
: pic init qp minus26 1
: pic init g= minus2é 1
: chroma_gp index offset 1
: deblocking_filter control present_flag 1
: constrained incra pred flag ]
: redundant_pic_ent_present_flag ]
first_mb_in slice 1
slice_type 011
pic_parameter_set_id 1
frame num 0000000000000000 |

(

a)
a)
a)
a)
a)
30)
)
1)
a)
a)
a)
a)
12)
a)
12)
1)
a)
21)
17)
1)
a)
a)
a)

17
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Design Summary
4 7 Project
g Project Summary
Process Reports
# synplify Pro
¥ map
g Place & Route
# signal/Pad
D Bitstream
Analysis Reports
g Map Trace
@ Place & Route Trace
# 10 Timing Analysis
Tool Reports
[ /O 550 Analysis
g Hierarchy Parsing Report
[™) Run BKM Check
[® PIO DRC

> ¥ TCL Command Log
4 7 Messages

# Al Messages
g User Defined Filters

[11.6 Simulation and results

Lattice Mapping Report File for Design Module 'tb_bad'

De=ign Information

Command line: map -& LatticeECP3 -p LFE3-150ER -t FPBGR11S56 -3 & -oc
Commercial h2é4 _dec h2é4 dec.ngd -o h2é4_dec h2é4 dec map.ncd -pr

h264 dec h264 dec.prf -mp h264 dec h264 dec.mrp C:/Users/ENCIRIS/Desktop/EE
_INTERNSHIP FILES/HK Diamond/kk diamond h264 dec_vl/h264 dec.lpf -gui

Target Vendor: ILATTICE

Target Device: LFE3-150EAFPBGR11SE

Target Performance: &

Mapper: ep5c00, wersion: Diamond (64-bit) 3.1.0.9&
Mapped on: 08/14/14

Desi Lmma:

bij r of registera: 468 out of 115236 (0%)
PFU registers: 460 out of 111780 (0%
PIO registers: 8 out of 3516 (0%)

Number of SLICEs: 535 out of 74520 (1%)
SLICEs as Logic/ROM: 529 out of 74520 (1%)
SLICEs as RAM: & out of 14220 (0%)
SLICEs as Carry: 6l out of 74520 (0%)

Number of LUT4s: 852 out of 149040 (1%)
Number of logic LUTs: 718
Number of distributed RAEM: & (12 LUT4s)
Number of ripple logic: 6l (122 LUT4s)
Number of shift registers: 1]

Number of PIO sites used: 12 out of 586 (2%)

Number of PIO FIXEDDELAY: ]

Number of PCS (SerDes): 0 out of 4 {0%) with bonded PIO sites

Number of DQSDLLs: 0O out of 2 (0%)

Number of PLLs: 0 out of 10 (0%)

of DLLa: 0 out of 2 (0%)

of block RRMs: 0O out of 372 (0%)

of CLKDIVs: 0 out of 2 (0%)

f GSRs: 1 out of 1 (100%)

Qacillator used : No

Startup used : No

Notes:-
1. Total number of LUT4s = (Number of logic LUT4s) + 2% (HNumber of
distributed RAMs) + 2#* (Number of ripple logic)

2. Number of logic LUT4s does not include count of distributed REM and

ripple leogic.

Lattice FPGA_LFE3-150EA-6FN1156C

Number of registers: | 468 / 115296 (0 %)

Number of SLICEs: | 535/ 74520 (1 %)

Number of LUT4s: 852 /149040 (1 %)

Preference Summary

¢ FREQUENCY PORT “CLX™ 150000000 Miz (0 errors)
0 items scored, 0 timing errora detected.
Report: 684.932MHz is the maximum frequency for this preference.

¢ FREQUENCY NET “CLK c® 150.000000 ¥z (0 errors)
4096 iters scored, 0 timing errors detected.
Report: (' 198.334Mz)is the maximum frequency for this preference.

Design can on the maximum
frequency of 198.334 MHz with
the clock constraint of 150 MHz

18
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IV. Conclusion

» Accomplished the first task on the implementation of a Lattice tri-rate SDI
PHY IP core on the Enciris LT-125 board, provided an SMPTE 3G/HD/SD
SDI video input functionality on the board.

» Because of lacking time and because of the complexity of CAVLD
decoding, we can at the present manage to design the bitstream decoder
which can decode the SPS, PPS, Slice header, and Macroblock header layer
of the bitstream and which can run on the Lattice FPGA device - LFE3-
150EA-6FN1156C with the maximum frequency of 198.334 MHz where
the clock constraint is 150 MHz.
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IPexpress - SERDES

HE Lattice FPGA Module -- PCS . - = [ B e

Configuration | Generate Log
PCS | Quad \\ Refersnce Clocks \ SerlDes Advanced \ PCS Advanced] \. PCS Advanceds \ Contral Setup \ Generation O ptions \
Channel Protocaol
— refolkp R and T R Only T Only Disable Protocol 0% Speed
Channel [rata Ports
— refclkn hdoutp_chili—3=
B Channeld & . . = [soi - =
— hdinp_ch0
»| hdinn_chi bedoutry_ch Channell o « = |Geetoe ~
— miclk_chi Charmel2 - ~ & [GeE10B ~
— tuiclk_chi re_full_clk_chj— Channels r . o fsor .
— fpga_rarefclk_chi
) [19:0] tedata_chi r_half_clk_chol—
— no_zerdes_rst_chl_c
> sh felb_ch e t_full_cle_chlf—= —
— sb felb_rst_chl o
be_prs_rst_chil_c ti_half_clk_chi—=
—= b4 pearup chl o
T mopesst_chl e [19:0] ruclata_chil—te
— r4_pwrup_chl o
el ldr_chi r_loz_low chil sf—=
— tad_ldr_en_chi_c
— t4_divll de_chi
#odl_mode_chito r4_cdr_lol_chi_s—
— b4 _div2_mode_chl_c
—= 14 _divl1_mode _chl_c
red_|dr_chO—3
—» 14 _div2_mode_chl_c
— hdinp_ch3 j
Generate Close Help




IPexpress - Tri-rate SDI IP Core

Fﬂ.—nm_m

4 HY Lattice IP Core -- Tri-Rate SDI PHY v1.5 1
Configuraticon Generate Log ]
4
i PHY l\l Custorm Format l'l\ Advanced \I.'
Tri-Rate 5DI PHY
PHY Functiorm
k[ 19 ] & Tx " R= f* Bath
_dpdo__c:lk o
b —
] i ata19:0] wid ;;;In-ﬁaatc[:{fgej S 3G Level-B option
framme_Formmab[2; O] — H
s ot [ Enable 3G Level-B
ok field —a= 3G/HD Transmit Options
whlarnk —= 2 2 2
hblank . LK Inzertion WRID ingertion
— {1 Full_clke 1177 _ k[ 100 (] = f+ 0Off ° On = 0Off " On
ea:gf_”ec;: - CRLC Inzertion
~=—r_hd_sdn wl_croc_eror—»= = Off & 0On
cl_cro_error —e=
~—rx_tg_hdn SD Transmit O ptions
[ LDR path for SD [ Include PLL for LDR
I+ 10 bitz mode for S0 Tx [T Separate data input for SO
S0 data width
4 8 bits f* 10 bits " Dynamic 2410 bits
r_rate[2: 0] [al— 3G /HD Receive option
—={rztn i i "
pel_ir[19: 0] e WPID extraction ©* OFf On
di_clk [=—
t_half_cll Fee— 5D Receive options
- trs_in e v 10 bits mode for S0 R
] hd_sdn_in=—0a
Optional ports
- I Clock enable port
sl ot a[13:0]
Generate Close Help
e




YC,C, 422 vs 444 sample




RGB to YC,C,




Flow of bitstream implementation

Altium Designer

Creation of the top level module Verilog file of the design.

\. J/
ngn N
@ Synplify Pro

Optitnization of the Verilog code at a high level first, then synthesis of the RTL
code into specific FPGA logic.

\& J
U

Code translation, mapping and placing and routing,

Python

Creation of the bitstream file, and provide the configuration bitstream.
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LUT

A lookup table (LUT) is used to transform the input data into a more desirable output format.

A lookup table (LUT) is a fast way to realize a complex function in digital logic. The address is
the function input, and the value at that address is the function output. The advantage is that
computing the function only takes a single memory lookup regardless of the complexity of the
function, so is very fast. The disadvantage is that it takes memory, especially if you need high
resolution for the function input.

For example, SIN is often implemented as a table lookup. If 10 bit angles are good enough
resolution, then the whole function can be implemented as a lookup table with 1024 entries.
(Actually in the case of SIN, only 1/4 cycle is stored then negated or indexed backwards
depending on the actual quadrant, but that is a aside specific to SIN).

The function input can also be a combination of different input variables with the result
expressed as a single integer. For example, a 4 x 4 bit multiply can be implemented as a lookup
table of 256 values. The 8-bit table address can be the two 4-bit input values concatenated.



The look-up-table (LUT)

Bwldmg the PFU from the inside out...

Nearly all FPGAs are based on a Look-Up-Table plus Register. Most are a LUT4. Aka
LUT4+REG.

— A 4-input LUT is just a 16-bit ROM, with 4 ‘address’ bits (ABCD) and a ‘data’ bit (F).
— By programming the ROM, any 4 input logic functions can be formed.
* Oritcan beasimple ROM. A B

q10

(‘9" values are programmable
SRAM memory bits that are
determined through the design
synthesis process)

[q0]
[q4]
[q6]
[q9]




Building ‘Slices’

Pairs of LUT+REG are grouped together with extra RAM/Ripple logic to form SLICEsS.

Each Slice consists of:

Two 4-Input LUTs
Two Registers
Arithmetic Logic circuits

Circuitry to support simple
RAM mode

Slice Inputs:

LUT Inputs: A, B,C,D Hgmg
Multi-Purpose Inputs: M
Fast Carry Input: FCI

Register Control Inputs:
CLK, CE, LSR

Slice Outputs:

LUT OQutputs: F
Register Outputs: Q

Wide Function Outputs:
OFX

Fast Carry Output: FCO

M1
MO

AOD
BO

DO

CE
CLK
LSR

FCO To Different Slice/PFU

A
Slice
‘j E T p» OFX1
P Fi
< FISUM
P Lutas D - Qf
Carry Flip-flop/
» Latch
Cl To
>
A Routing
&
b d LUTS
Munx
> P OFX0
P co
g
4 » ro
» LUT4&
Carry  Eisum » D = Qo
cl ¢ Flip-flop/
A | S 2 Latch
L 2.

Memory & FCI From
Control Different
Signals Slice/PFU

For Slices 0 and 1, memory control signals are generated from Slice 2 as follows:
«WCK is CLK
- WRE is from LSR
= DI[3:2] for Slice 1 and DI[1:0] for Slice 0 data from Slice 2
- WAD [A:D] is a 4-bit address from slice 2 LUT input



H.264/AVC bitstream decoder hardware architecture

Birstream decoder
Master state
machine
;
Bir buffer
Video bitstream
——¥  Starf code
.. ———— - .
| M detector 1 FIFO —*|  Byvite buffer
[
: L
| A
[ FLC buffer VLC buffer
e
I
i Fixed length Exp-Golomb CAVLD
| decoding decoding decoding
: F 7 F 7
| Is ! ‘1
I
N Bit buffer
I interface
[
- I3 T t 3 !
| I? Jlf )
i SPY PP Slice header Macrablock Macroblock
: decoder decoder decoder header decoder data decoder
|

Other decoder block




nC

CAVLD decoding

Table 9-5 — coeff token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

2% | =%
S 3 s s
c = 2=
W E o
£ = 0<=nC<2 2<=nC<4 4<=nC<8 [ 8<=nC [ nC==-1 nC==-2
33 £3
(1) Coeff_token ]
v 0 1 1 1111 000011 | 01 1
(2) S |g n_T1 S 1 0001 01 0010 11 001111 000000 | 000111 | o001 111
1 01 10 1110 000001 | 1 0l
(3) Level < 2 00000111 0001 11 0010 11 000100 | 000100 | 0001 110
== 'T""'“'I 2 0001 00 00111 01111 000101 | 000110 | 0001 101
| Prefix |
._____3_____ 2 001 o1 1101 000110 | 001 001
=== _'___-I 3 0000 0011 1 0000 111 0010 00 001000 | 000011 | 0000 0011 1
\ Suffix
e e 3 0000 0110 0010 10 01100 001001 | 0000011 | 0001 100
v 3 0000 101 0010 01 01110 001010 | 0000010 | 0001 011
(4) Total 7eros 3 0001 1 o101 1100 001011 | 000101 | 00001
# 4 00000001 11 0000 0111 0001 111 001100 | 000010 | 0000 00110
5 R b f 4 00000011 0 0001 10 01010 001101 | 00000011 | 0000 0010 1
( ) — 4 0000 0101 0001 01 01011 001110 | 00000010 | 0001 010
L
h 4 4 0000 11 0100 1011 001111 | 0000000 | 0000 01

(6) Coeff Block Reconstruction

nann 111

Ann nann

el o

o LV.CRET

i (a)




Node-Leaf method algorithm

Input data

.

TableNode 0 Hit

Hit Table 9-7 : total_zeros tables for 4x4 blocks with TotalCoeff{coeff token) 1to 7

TableMNode 1

GUtPUt Number of table in
data/Leaf that columns
: TotalCoeff{coeff_token) =1 \* 5 x 8 entries
E Bin with dr..-n't
- - total_zeros Len Bin car:uisd(ti;) e 1 :
¢ Miss 15 9 000000001 000000001 000 [}[}[}‘m
Hit 14 9 000000010 000000010 000 | 00O | 010
Table™ode 13 9 000000011 000000011 o000 | ooo | 011
12 8 00000010 00000010X 000 | 000 | 10X
11 8 00000011 00000011X 000 | 000 | 11X
10 7 0000010 0000010XX 000 | 001 | OXX
9 7 0000011 0000011XX 000 001 | 1XX Node 3
8 6 000010 O00010XXX 000 | 010
7 6 000011 000011XXX 000 | 011 Node 4
6 5 00010 O0010XXXX 000 | 10X
5 5 00011 OD011XXXX 0oo| 11X
4 4 0010 OO10XXXXX 001 OXX
3 4 0011 ODTIXXXXX 0011 1XX
2 3 010 D10XXXXXX 010
1 3 011 DTIXXXXXX 011
0 1 1 TXHXKHKXXK 1XX




CAVLD decoding

START

uint®_t trailing_ones, total_coeff;
int32_ti, j;

int32_t zero_left = 0;

int16_t level[16];

uint®_t run[16];

int32_tx y;

*)
YES N
YES

( END }



(0) nC

T264dec_mb_read coff_token_td(t, &trailing_ones, &total_coeff);

mbAddrD

mbAddrB

mbAddrC

mbAddrA

CurrMbAddr

int32_tnC = 0;
typedef void ("T264dec_mb_read coff token_t)(T264_t* {, uint8_t trailing_ones, uintd_t* total_coff),
static const T284dec_mb_read_coff_token_t read_coeff[17] =

nC = T264_mb_predict_non_zero_code(t, 0); nC =T264_mb_predict_non_zero_code(t, idx);

read_coefi[nC](t, &trailing_ones, &total_coeff), read_coeffinC](t, &trailing_ones, &total_coeff);

assert(total_coeff |= 255);
assert(trailing_ones != 255);

x = luma_inverse x[idx];

y = luma_inverse_ylidx);
t-=mb.nnz[luma_index[idx]] = total_coeff,
t->mb.nnz_ref(NNZ_LUMA + y * 8 + x| = total_coeff;

t-=mb.|
x = (id>
¥ = (id>
t=>mb.




Step (1) to (6)

P BT ———

LNETZ_t el _saffcwie;
uney? flovel_mdfic
uiniS_I hewil_profia = T204des_rib_ned_ewel_peafisi)

SNES_| sufa_langtn = O
ILE2 | e ek,

I _Sa e Ee = e _ engm;

fe -

vES II [ I

levelli] = 1 -2 * eg_read_direct1(t->bs);

Ilmul_m-a- = el sl o0 bl & bl imnsbin I

it -

<

typedel winil_t [*T254dec_mb_read_lotal_zero {KT264_171);
static T2E-kdec_mb_nesd_total_neno_twotal_peso i) =

\

i
i

-
1

YE zero_lef = wotal_zeso_f{iotal_coedt - 1)1 | I}JEIU heft = T26ddesc_mb_read_totsl_rero_cheomnalt, botal_cosi); l

]

nunictnl_coedl - 1] = pero_ledl;

j +=runfi] + 1;
& | z[] = beveli];

|mrﬂ||rTM:mhr\ebdmnM1Mﬂl.mohm: | |ru\{-q]l0: | I

p——



Step (1) to (6)

—_—

ATV E il
winis2 pheeel_sadfic

il 1 bl _prefia = ToSddee_mb_need_level_prefisity /

Ieval_sifuire & sl _lomgi;

I level_suffin = eg_read_direct(t->bs, level_suffixsize); I | leved_suffix = O |

lewel_sufficsize = 12,

/'
L
| Tevel_code = (eeel_peaflx << sufli_lengiih) + bevel_ sl |
level_code += 2;
r level_code += 15;
YES
//
levelli] = (level_code + 2) == 1; levedli] = (-level_code - 1) == 1;
| YES | [r=vota = iovet code-ny== v ] //V ~

suffix =]

suffix_length ++;




File .264 Analyse

File View Mavigate Settings Window Help

J O @| 7 |¥" = A I T JIDeching Order «|[&d [& [ [ |20 Fun

X |x
B- 5 ~ezchange~_EICHANGE-_wi
B-H264 Video Stream
i-FileSize: 76 90 KB

-Total Alls: &

- #Errors: 0
-EWarning=s: 0

-CC Data: NHot Present

3 -:'“ 1
A Ef- w' Wl R
00:00:00:100 00:00:00:133

i
i

00:00:00:033 00:00:00:06

iw Progressive Video poOC=2 POC=0 POC=2 PoC=0
s s
] 1 b BEe B8
x £ u — x

Field [ Valus ~ || Fisld | Value  ~ [ Field [ Walue -
Profile High | ||¥ seq_parameter set rbsp() | (=1 K nacroblock |ﬂ
Level 3.0 1 " index O( 00}
Chroma Format [4:2:0] = profile_idc 1000.. Startiddress(bits) 276(0x114)
HEBAFF Hode FALSE constraint_setl_flag false l@ Lengthibits) 369(0=x171)
Re=clution 152 w 288 . constraint_setl flag false ) frams/field frame
Maxz DPE Size 16 constraint_setZ_flag false |l =licelao 0¢0=0)
Coding Type CAVLC constraint_set3_flag falze - IE zlice type I_=lice =
BitDepth Luma 8 I ER ’ ’ 'rr-r - - |‘ ) IE a7 R — mam oo | -
R R (P o P o
<| 0 | v |[Active SPS Actve Ps | [E v |5 sice | [ NAL| [EI Ref Pic List |
| Seq#1-3 ega TS5A | Deblocking Filter As Per Stieam /7 YUV Dumping Disabled | 00:00:00:133 100% AU:0 Slice: 0 MB: 0
x|25 ErTOrs pET page;l 4 4 P M B P T & Hem Binary | |* | |E L] M Edit Mode &@ [ &5CII

Number| FiIe-of’Fset| Stream—lomtion| Section| Description | oooooooo 0000000167 64 001EACIEL1A 81 60 944000000001 68 CE3CE000 o

@244 nA N.A.  Stream Parsing Started ...... 0000001E 0000 01 65 B8 00 04 00 00 0BA0 C6 01 A0 00 76 00 06 68 00 09 34 cF3z ||

D245 na N.A.  Stream Parsing End ...... 00000030 6D 09 EC 68 51 3D 16 CB A0 5F 99 C2 E0 03 2D D8 00 CB 56 4D D2 70 01 96

OO0o00048 940014 71 C1 SE6EDE9 F8 51 40 06 E6 3ECCFS 1D 1A E0 AF 40 B1 C6 64
ooooooed 92 483 AF 0006 A7 0004 CCRED? 225398 B8 00CA2F 8003 4EDD 1EF4
oooooo7e8  9C 0196 78 02308EDODCE 800F 75 A0 1A 79 D000 1AGACEODOBOT OO
oooooo9en 0217 9F SZ 7EAS QD033 90 7CBS 78 DEFDEA 193803 2C9C 01 96 DD OF
ooo000&as FS 27 006593 80CBBET749BDE 86 14 ES 00 1B A0 06 ZE 46 26 F9 A4 44
ooooooco A7 GC 95 6EB7 49C0 1969 4006 C6DD SC 60 9C 06 59 38 03 2E BA 5F 0C
ooo0o0Ds 2803 A0 00 66 801898 A2 CE 3992 E4 1853 6EC4 54 01 9213 00 C4 E7
Oo0o000FD 62 3C01 32780266 BA7F OC 28 02 A0 00 56 44 00 44 CO OB 9F 36 91 93
ooo00ios  E9 79 A2 9A05C3IEDO023C013278 026561 E9D6 780264 F0 04 CAES i
e e,

27/08/2014

al




File .264 Analyse

¥ Vega TSA - S\ viche
File View Mavigate Settings Window Help

|D@ 2 (&L e lile ||[pecoding Order »] i & BB b [a0 Hun -] ELEMNEEEDEEEEEE
* = [=x]
B 5:“exchange EXCHANGE wi IDR & s 2 P4 -__IDR
B-HZ264 Video Strean
g----FileSize: 76.90 KB
i~Total Alls: 5
i~ #Errors: 0 A ¥
;- #Warnings: 0 00:00:00:000 00:00:00:066  00:00:00:100  00:00:00:133
i-CC Data: Hot Present
Frogres=ive Video < roc=0 Foc=2 < Foc=0
»F3 B3
== —] x
=] @ Field | value B
EEESARERGHAREES = iy 5
B index ) X
< =m 2|k 1 A [ [ pl| Ecstics 157004 (0x3016c
x ||| |—|—|—|—'_|—|—|—|—|—'_|—|—|—|—|— o frame~field framne
PR i || e ban0) :
T ET 180 = o | et e oo
Tevel 30 I A |t o
Chroma Fornat [4:2.0] (1 o I [ TN —
e |—|—|—|—|—|—|—|—|—|—|—|—|—|—|—|— nb_field_decoding_flag false
Resolution 352 x 269... I L L [ o |[ateere 0¢0x0) »
Coding Type  CAVLC - 7|  Caded black patter 6010000
- 1 L K s
g}tgeptﬁ éuma g FFFFFFFFFFFFFFFFFFFFF — CodedBElockPat ternluna 0:: 0000
Flt EPlt? S B TR CodedBElockPat ternChromna 1:: 01
Aﬁamn_e gte#']‘_ — — ([ O (O 7. [ 11 transformn_size 8§xf_flag false
A= in Sek 1 2 10 211 base_node_lag
————F | o residusl_prediction flag ;
(T Y I R I I < m |
10 O @r Oc O skip @ iecu@ 1BL  + FW_MV + BW_MV |[@ MB [ SliceU@]_ NﬂLU@ HefPicUstl
I SeqH1-3 ega TS5A | Deblocking Filter As Per Stream / YUY Dumping Disabled | 00:00:00:133 100% AU:1  Slice: 0 MB: 3
x|25 errors per page ~| (4 4 b M 2 T & Hex ( Binary |i | |E L] ™ Edit Mode &@ [ &SCII
Number| FiIe—ofﬁsetl Stream-ocation | Section | Description | ooooe030 S BEBS FS A9 3ABF DS EF AESS D7 BEED YD SBEADF SF SF 56 AE ACFA o
@244 NA ML.A, Stream Parsing Started ...... 00006048 D?PDE 72 GEF743BEAC45 75 F111C1 27 33CE20F7 C23C38E5 4232 [
@245 A M.A. Stream Parsing End ...... 00006060 11 0C 96 3D A2 BEBA 43 08 66 2FEB 37 47 E3 2CE514199DDC1009D0 -

.e‘l E E” e % _ :.. ; EN . |mr ¥m gy Jifjun



Lattice FPGA LFE3-150EA-6FN1156C

- —
« Project Properties - - L - m

F s
([ h264_dec ~| PartName: LFE3-150EA-6FN1156C
L LFE3-150EA-BFM1156C
4 [H h264_dec
- : Device Information:
h264_decfsu:uurce."l::lft_l::luffern..r = LatticeECP3
h264_dec/source/bit_buffer_ifw Voltage: 1.2V
h264_dec/source/bsd.V Device: LFE3-150EA LUT: 145040
! h264_dec/source/h264_function =l performance grade( ) 6 Remeiens 111780
h264_dec/source/master_fem.v EBR Bits: &.85M
[ h20d_dec/source/mb_hdrv Package type: FPBGA1156 EBR Elodks: 172
h264_dec/source/mb_residual.v Operating condition: CoM Dist RAM: S0, 75K
h264_dec/source/nC_computew DSP: a0
h264_dec/source/nnz_1024x5_dp_1| | F‘LL'I 10
h264_dec/source/pps.wv DLLI )
h264_dec/source/slice_headery '
h264_dec/zource/sps.v Pes:
h264_dec/source/start_codew PIC Cells: s
h264_dec/source/th_bsd.V il =
T e = T P ey Online Data Sheet for Device PIO Pins: 586

] T | 3




Simulation results of block SPS in ActiveHDL

e [tb_bsd/U_bsd/U_spsirst
e [tb_bsd/U_bsd/U_spsiclk
o [th_bsd/U_bsd/U_spsienable_seq
ar ftb_bsdU_bsd/U_spsir_state
ar fth_bsdiU_bsd/U_spsir_profile_idc
ar fth_bsdiU_bsd/U_spsir_constraint_set0_flag
o [th_bsd/U_bsd/U_spsir_constraint_set1_flag
o fth_bsdiU_bsd/U_spsir_constraint_set2_flag
o fth_bsdiU_bsd/U_spsir_constraint_set3_flag
ar ftb_bsdiU_bsd/U_spsir_reserved_zero_4bits
o (th_bsd/U_bsd/U_spsir_level_idc
o fth_bsdiU_bsd/U_spsir_seq_parameter_set_id_sps
ar ftb_bsdiU_bsd/U_spsir_chroma_format_idc
ar fib_bsd/U_bsd/U_spsir_bit_depth_luma_minusg
ar [th_bsd/U_bsd/U_spsir_bit_depth_chroma_minus8
o fth_bsd/iU_bsd/U_spsir_gpprime_y_zero_transform_bypass_flag
o fth_bsdiU_bsd/U_spsir_seq_scaling_matrix_present_flag
ar fth_bsd/U_bsd/U_spsir_log2_max_frame_num_minus4
ar fth_bsdill_bsd/U_spsir_pic_order_cnt_type
o fth_bsdiU_bsd/U_spsir_log2_max_pic_order_cnt_lsb_minus4
ar fth_bsdiU_bsd/U_spsir_num_ref_frames
ar fth_bsd/U_bsd/U_spsir_gaps_in_frame_num_value_allowed_flag
o fth_bsdiU_bsd/U_spsir_pic_width_in_mbs_minus1
ar fth_bsdiU_bsd/U_spsir_pic_height_in_map_units_minus1
ar fth_bsdiU_bsd/U_spsir_frame_mbs_only_flag
ar [th_bsd/U_bsd/U_spsir_direct_8x8_inference_flag
ar fth_bsd/U_bsd/U_spsir_frame_cropping_flag
ar fth_bsdiU_bsd/U_spsir_vui_parameters_present_flag
ar ftb_bsd/U_bsd/U_spsir_valid_seq
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