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Ogg Vorbis

* Free and open audio codec, created in response to
MP3 patent issues.

 |mportant: very few mainstream hardware players
support Vorbis.

* |nteresting: lots of things a “pure” hardware player
can do that a microprocessor-based one can't.

- higher decimal precision, parallel processing
- reduced size, power consumption

Best. Codec. Ever.




 Consists of 4 types of ID
packets. Packet
. Comments
Front-end: Packet
- Parses first 3 packets. Setup Packet

- Configures decoder.
* Back-end:

- Parses audio packets.
- Converts data to PCM. Packet

The Vorbis Stream
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The Front-End

 Configures the decoder.
* Processes the setup and ID packets.
e Extracts Huffman codings, Vector

Quantizations.

* Prepares the floor and residue spectral curves

for decoding by the back end.
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The Front-End

Iv s b Iv e e
clk reset clk reset ok reset
) 6
d_data [ | data_in selestor [Fgy 3 wiite_selector read_selecior [
id_data_on [ | data_on dat ‘o dat 32
i ata [ 2 | wite_data 3
b I s . ousy id_packet_processor config reacl_data [~
ok reset start id_new_bit [ | new_bit wel= | e
32 n -
Also- write connections from modules below.
addr_to_mem
data_from_mem & Je Je L s
0gg_processor i ly 1 32 ok reset
addr_out_start ?2% addr_in ck reset alk reset
ram_addr [ o1 wirite_acidr read_addr
el @il G | pot_in_end floor_data_out [ | data_in
fioor_data_on [ ] data_on floor_setup ram_data [$7 wie sata  floor_ram read_daia
p_enable [3 T start selup_data_out [ 3| data_in floor_busy [€ +1 ousy we [F we
p_busy [ T& | busy setup_data_on [= =] data_on floor_new_bit [& | new_bit
setup_busy [e & busy
setup_new_bit [ +] new_bit le J+ v v
\4 : ok reset 32 ok reset
m packetjllter residue_data_out [ | data_in ram_addr [~ write_ader read addr
residue_data_on [ | data_on ' . =
ﬂashfrom residue_busy [€ € | busy res@ueﬁsetup ram_data ['F 4 write_data reS|due7ram read_data
A D LE Oi residue_new_bit [ | new_bit we |3 we
6
{ |* i setup_packet_processor v I+
Ik t
| ador data ke oe mode_data_out [ 3 data_in © resel ram_addr [
r0_addr_in mede_data_on [ +| data_on d data
10_data_out mode_busy [& ! ousy mode_processor ram_data
rom controller made_new_bit [€ | new_bit we [
& | r0_active -
] ro_start |+ N
clk reset
ck  reset g9l To backend. ram_ader [
* * 3—‘ be_addr_start map_data_out [+ | data_in
v, map_data_on data_on ram_data [&
- be_addr_end p_dala_on [+ fd map_processor |
map_busy € | busy we [+
] e_start map_new_bit [¢ | new_bit
3| oe_busy cb_addr cb_data cb we
) S
I+ I+ 4
clk reset in_addr in_data we
codebook module
read_addr read_data

Ogg Processor: Reads
file from ROM, extracts

Vorbis.
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The Front-End

Iv s b Iv e e
clk reset clk reset ok reset
) 6
Licatalicy | data_in selestor [Fgy 3 wiite_selector read_selecior [
id_data_on [ | data_on dat ‘o dat 32
i ata [ 2 | wite_data 3
b I s L ousy id_packet_processor config reacl_data [~
ok reset start id_new_bit [ | new_bit wel= | e
32 n -
Also- write connections from modules below.
addr_to_mem
data_from_imem & Je Je L s
0gg_processor i N ly 1 32 ok reset
addr_out_start ?2% addr_in ck reset alk reset
ram_addr [ o1 wirite_acidr read_addr
addr_oulend | poct_in_end floor_data_out [ | data_in
fioor_data_on [ ] data_on floor_setup ram_data [$7 wie sata  floor_ram read_daia
p_efadle [~ | start selup_data_out [ 3| data_in floor_busy [€ +1 ousy we [F we
p_busy [&—+] busy setup_data_on [= =] data_on floor_new_bit [& | new_bit
selup_busy [e & busy
setup_new_bit [ +] new_bit le J+ v v
\4 : ok reset 32 ok reset
ok packetjllter residue_data_out [ | data_in ram_addr [~ write_ader read addr
residue_data_on [ | data_on ' . =
ﬂashfrom residue_busy [€ € | busy res@ueﬁsetup ram_data ['F 4 write_data reS|due7ram read_data
A D LE oi residue_new_bit [ | new_bit we |3 we
6
{ |* i setup_packet_processor v I+
Ik t
| ador data ke oe mode_data_out [ 3 data_in © resel ram_addr [
r0_addr_in mede_data_on [ +| data_on d data
10_data_out mode_busy [& ! ousy mode_processor ram_data
rom controller made_new_bit [€ | new_bit we [
& | r0_active -
] ro_start |+ N
clk reset
ck  reset 39| To backend. ram_ader [
* * 3—‘ be_addr_start map_data_out [+ | data_in
V. map_data_on data_on ram_data [&
- be_addr_end p_dala_on [+ fd map_processor |
map_busy € | busy we [+
O | Eesitni map_new_bit [¢ | new_bit
3| oe_busy cb_addr cb_data cb we
) S
I+ I+ 4
clk reset in_addr in_data we
codebook module
read_addr read_data

Packet Filter: routes
packet to destination
FSMSs.
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The Front-End

Iv s b Iv e e
clk reset clk reset ok reset
6 6
d_data [ Lozt selestor [Fg 3| wiite_selector read_selecior [
id_data_on [ | data_on . ‘o dat 32
i ata [ 7| | wiite_data 3
b I s . ousy id_packet_processor config reacl_data [~
ok reset start id_new_bit [ | new_bit wel= | e
32 n -
Also- write connections from modules below.
addr_to_mem
data_from_mem & Je I L s
0gg_processor i — 32 ok reset
addr_out_start ?2% addr_in ck reset alk reset
ram_addr [ o1 wirite_acidr read_addr
addr_out_end | poct_in_end floor_data_out [ | data_in
fioor_data_on [ ] data_on floor_setup ram_data [$7 wie sata  floor_ram read_daia
p_enable [~ | start selup_data_out [ 3| data_in floor_busy [€ +1 ousy we [F we
p_busy [&&] busy setup_data_on [= =] data_on floor_new_bit [& | new_bit
setup_busy [e & busy
setup_new_bit [ +] new_bit le J+ v v
\4 : ok reset 32 ok reset
ok packetjllter residue_data_out [ | data_in ram_addr [~ write_ader read addr
residue_data_on [ | data_on ' . =
ﬂashfrom residue_busy [€ € | busy res@ueﬁsetup ram_data ['F 4 write_data reS|due7ram read_data
A D LE Oi residue_new_bit [ | new_bit we |3 we
6
{ |* i setup_packet_processor v I+
Ik t
| ador data ke oe mode_data_out [ 3 data_in © resel ram_addr [
r0_addr_in mede_data_on [ +| data_on d data
10_data_out mode_busy [& ! ousy mode_processor ram_data
rom controller made_new_bit [€ | new_bit we [
& | r0_active -
] ro_start |+ N
clk reset
ck  reset g9l To backend. ram_ader [
* * 3—‘ be_addr_start map_data_out [+ | data_in
v, map_data_on data_on ram_data [&
- be_addr_end p_dala_on [+ fd map_processor |
map_busy € | busy we [+
] e_start map_new_bit [¢ | new_bit
3| oe_busy cb_addr cb_data cb we
) S
I+ I+ 4
clk reset in_addr in_data we
codebook module
read_addr read_data

ID processor: parses bitrate,

Vorbis version, etc. from ID
packet and saves values to

config module
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The Front-End

Iv s b Iv e e
clk reset clk reset ok reset
) 6
d_data [ | data_in selestor [Fgy 3 wiite_selector read_selecior [
id_data_on [ | data_on dat ‘o dat 32
i ata [ 2 | wite_data 3
b I s . ousy id_packet_processor config reacl_data [~
ok reset start id_new_bit [ | new_bit wel= | e
32 n -
Also- write connections from modules below.
addr_to_mem
data_from_mem & Je Je L s
0gg_processor i — 32 ok reset
addr_out_start ?2% addr_in ck reset alk reset
ram_addr [ o1 wirite_acidr read_addr
addr_out_end | poct_in_end floor_data_out [ | data_in
s ez, | B ] data_on floor_setup ram_data [$7 wie sata  floor_ram read_daia
p_enable [~ | start selup_data_out [ 3| data_in flsor_busy [€ +1 ousy we [F we
p_busy [&&] busy setup_data_on [= =] data_on floor_new_bit [ | new_bit
setup_busy [e & | busy
setup_new_bit [ +] new_bit le J+ v v
\4 : ok reset 32 ok reset
ok packetjllter residue_data_out [ | data_in ram_addr [~ write_ader read addr
residue_data_on [ | data_on ' . =
ﬂashfrom residue_busy [€ € | busy res@ueﬁsetup ram_data ['F 4 write_data reS|due7ram read_data
A D LE oi residue_new_bit [ | new_bit we |3 we
6
{ |* i setup_packet_processor v I+
Ik t
| ador data ke oe mode_data_out [ 3 data_in © resel ram_addr [
r0_addr_in mede_data_on [ +| data_on d data
10_data_out mode_busy [& ! ousy mode_processor ram_data
rom controller made_new_bit [€ | new_bit we [
& | r0_active -
] ro_start |+ N
clk reset
ck  reset g9l To backend. ram_ader [
* * 3—‘ be_addr_start map_data_out [+ | data_in
v, map_data_on data_on ram_data [&
- be_addr_end p_daia_on [+ fd map_processor |
map_busy € | busy we [+
] e_start map_new_bit [¢ | new_bit
3| oe_busy cb_addr cb_data cb we
) S
I+ I+ 4
clk reset in_addr in_data we
codebook module
read_addr read_data

Setup packet processor:

Diverts bit stream to specific

Processors.

T 1
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The Front-End

Minor FSMs: Read stream bit by
bit, saving information to

corresponding block RAMs for

back end to use.

T 1

Iv s b Iv e e
clk reset clk reset ok reset
) 6
d_data [ | data_in selestor [Fgy 3 wiite_selector read_selecior [
id_data_on [ | data_on da o dat 32
H ata [ 7 ] wiite_data X
b I s . ousy id_packet_processor config reacl_data [~
ok reset start id_new_bit [ | new_bit wel= | e
32 5 5
AlsS0- write connectlons Lrom modules below.
addr_to_mem
data_from_mem [&5 I* I* I‘ I*
0gg_processor i —— 32 ok reset
addr_out_start ?2% addr_in ck  reset dk  reset 32
ram_addr [T g | write_addr read_addr
addr_out_end | poct_in_end floor_data_out [ | data_in
for_data_on [ +] data_on ﬂoor setup ram_data [~ & | write_data f|00r7ram read_data
enable [ -] start - B - -
P selup_data_out [ | data_in floor_busy [€ +1 usy we [ 3] we
p_busy [&&] busy setup_data_on [= =] data_on floor_new_bit [& | new_bit
setup_busy [e & busy
et P e b s
\4 : dk  reset 32 ok reset 2
ok packetjllter residue_data_out [ | data_in ram_addr [P =] write_addr read_addr [y
residue_data_on [ | data_on ' . =
ﬂashfrom residue_busy [€ € | busy res@ueﬁsetup ram_data ['§ 7 | write_data reS|due7ram read_data
A D _ LE oi residue_new_bit [€ +1 new_bit wo > = we
1: |* i setupipacketJ)rocessor
32 addr data e oce mode_data_out [5 1
r0_addr_in mode_data_on [F data_on d gat
10_data_out mode_busy [& +eusy moae_processor ram_data
rom controller made_new_bit [€ new_bit
& | r0_active -
| ro_start
clk reset
ck  reset g9l To backend. ram_ader [
* * 3—‘ be_addr_start map_data_out [+ | data_in
y map_data_on [ | data_on ram_data [&
-f be_addr_end A & map_processor |
map_busy € | busy we [+
] e_start map_new_bit [¢ | new_bit
3| oe_busy cb_addr cb_data b we
)
I+ I+ 4
cik resel T addr n_data we'
codebook module
read_addr read_data




The Back-End

...011001001101...
A It's easy: 1's
and O's go in,
Base Curve Offset rock & roll comes out.
(“Floor”) (“Residue”)
Decoding Decoding

\v/ Inverse Modified

Discrete Cosine
oo Transform
Product Window

Selection l

The process is performed once
for each audio packet.




The Back-End

C—
" from ROM
ok reset packet_start [
az packet_end [ 2 clk resat context [ n |+
] packet_start offset [
] =] start_address packel data ik rasel code_sel
1 Het_end el [+
=] end_address pacier code_data
residue_no_residue [ ] . s|daa  hvq_decoder
] start residue_start [7] residue_decode
residue_busy + | packet sl =] context decoded data
+ | busy - + | config_sel +] offsat
=1 g data -
. residue_packet_sel [+ "_: ﬁ?r‘gslc:le residue_ready [3
residue_cenfig_sel =] start cicus data 32 te codebock
é + | contig_sel + | busy re L] =+ E‘j/’
=75 contig data
J+ I
clk reset code sel & L4 L+
&4 code data & | ready ok reset
4 from ROM e .. th_decoder o ——] e
] kel _sel il 5] context decoded_data 7 age
r offset ) inverse_coupling
new_magnitude
[+ I+ F new_angle
ck  reset context -D_'IG =
: zz::: ::‘adﬂ offset [ + | residue_ready
floor_packet sel [+ Iaz packet_data
floor_config_sei j¢ + | packet_sel
! B4
M floor_decode toor dat
contg [FR | contia-data - por data [ 7 e b
dl k - floor_ready [=
auaio_pac et_processor ) ok reset
| ro-residue 64— residue ready
floor_no_residue start =¥ residue_data
floor_starl busy
floor_busy
i |+ dot_product
clk reset =] floor_data
imdet_start [ n 3 floor_ready
- - frig_data 1\ dat
Imdct_busy f« trig_result &= + | specirum_data
= start =+ specirum_sel
+busy imdct specium_data [F————7——
spectrum_sel [
B4
ra
window_data [+ ;4
window_sel [ .
—— . Audio packet
J+ [+
| - rocessor:
data [ u
L]
el the major FSM
L ;
window_config_sel [E 7 [+ config_se! window_select )
window_start [ +] start
busy trig_data [+

ra

window_busy |1- -

frig_result

7




The Back-End

- &1
" from ROM
ek reset packet_start ['5
az packet_end ['$ clk razat context [ n "
packet_start offset [
2 =] Slart_address ik rasel code_sel
- ket end packet data &
=] Bd_address pacier code_data
residue_no_residue [ ] , +] data th_dECOder
] st residua_start [ residue_decode
residue busy & + | packet_sel =] context decoded data
+ | busy I + | config_sel +] offsat
[5] contig_data )
o residue_packet_sal [& "_: ﬁ?r‘gsud:e residue_ready [+ 64 jel K
residue_config_sel & =+ start cidue data 32 to codeboo
é + | Bontig_sel + | busy re L] =+ F':i,/l
— 5] fig data " \
+ +
clk reset code sel & L4 L+
&4 code data & | ready ok reset
" from ROM e .. th_decoder o ——] e
plimed B _c i 5] context decoded_data 7 age
r offset ) inverse_coupling
new_magnitude
[+ I+ ﬁ new_angle
d kc": . "reset context TJS =
=] packet_sta
=1 packet_end offset [ + | residue_ready
floor_packet sel [+ a2 packet_data
floor_config_sel j¢ + | packet_sel
i B4
7+ eenig. sl floor_decode toor dat -
cont [ cong cota foor gela [ e
audio_packet_processor oot ready [+ ok reset
N | ro-residue 64— residue ready
floor_no_residue [« | +| start | residue_data
floor_star [+ | [+ busy
floor_busy [+
i |+ dot_product
clk reset =] floor_data
imdet_start [ fn 3 floor_ready
imdct_busy f& | g dlat® + | spectrum_data
| busy f+ frig_result [&
= start =+ specirum_sel
+busy imdct specium_data [F————7——
spectrum_sel [
B4
window_data [+ 4
window_sal [+ Cd
e € DacCK-en
X |+ . t I f . .
| I — ItSelr 1S a minor
data [
FSM of the front-
6 =+| config_data
£ ;
window_config_sel &7 + | config_sel w"-'dow Select .
window_start [ +] start .
window_busy [€ ] busy frig_data [
dala addresses.
pa




The Back-End

re |cun|ig data
clk reset code sel & s s
ready ck reset

b s &1
" from ROM
ok reset packet_start [
packet_end [ 2 clk rasat context [ n |+
| packet_start offset [
start_address ek rasal code_sel
- ket end packet data [&
end_address [ code_data
residue_no_residue [ ) +] data th_dECOder
start residua_start [7] residue_decode
residue_busy [« + | packet_sal | context decoded data
busy - I + | config_sel +] offsat
=1 fig_data 3
residue_packet sel [ "—: ﬁ?,‘gﬂd:g residue_ready [+ 64
residue_cenfig_sel [& =] start sidue data te codebock
config_sel + | busy re L] -+ B E‘j/’

&4 code_data [+ =
from ROM ——péed ity hvg_decoder 54 o | magnitude
packet_sel e =] context decoded_data angle

naw_angle

I 3
F offset : inverse_coupling
ﬁ new_magnitude
*

TR
d clk reset comnext —|I_’ 6
=+
=+

packet_start

packat_end offset [+ residue_ready
floor_packet sel [+ a2 packet_data
floor_config_sel [+ + | packet_sel
r i | B4
+] contig == floor_decode

config [ =] config data lloff‘l' data [+ 7 _I"_I“—
audio_packet_processor floor_ready I+

chk  reset
645 residue_ready

+ | no_residue

floor_no_residue start | residue_data
floor_start busy
floor_busy
i |+ dot_product
clk reset =] floor_data
imdet_start [ n 3 floor_ready
o Irig_data
Imdct_busy f« L trig_result &= + | specirum_data
=] start =+ specirum_sel
+ | busy imdct spectrum_data [& 7

spectrum_sel

]
i

Cd

window_data
window_sel

raw_data

s L

Residue
- decoder:
deinterlaces

nE ¢|¢f +

window_config_se [ - : config_sel window_select
window_start [ +] start Sto red Offsets ]
window_busy |1- + | busy rig_data [
trig_result
- i dats




The Back-End

b s &1
" from ROM
ok reset packet_start [+
az packet_end ['$ pack slkstart raset CﬂI::{ > n "
ol +
%2 =] start_address el resel code_sel
7 ket data
=] end_address packet_end pasteL i code_data
residue_no_residue [ . s|daa  hvq_decoder
] start residua_start [ residue_decode e 4
residue_busy + | packet_sel =] context decoded_data
+ | busy + | config_sel +] offsat
=1 g data -
o residue_packet_sal [& "_: ﬁ?r‘gsud:e residue_ready [+ 64 jel K
residue_config_sel & =+ start cidue data 32 to codeboo
é + | contig_sel + | busy re L] =+ E‘j/’
5] conig data N m
clk reset code sel & L4 Ly
&4 code data & | ready ok reset
" from ROM e .. th_decoder o ——] e
— packet_sel —H ] context decoded_data _h angle
F offset ) inverse_coupling
new_magnitude
[+ i ﬁ new_angle
ﬂ :": o "reget context .._Ilg =
+| packet_sta - il
= packet_end offset [ + | residue_ready
floor_packet sel [+ = Iaz packet data
floor_config_sel j¢ + | packet_sel
! B4
7 [l floor_decode toor cataf - . L
config [ ¥ config_data S L
di s i 2 floor_ready [
auaio packel_processor - ok reset
- 7] R 64— residue ready
floor_no_residue &+ | | +| start | residue_data
floor_start [ [+ ] busy
floor_busy [+
- L dot_product
clk reset =] floor_data
imdet_star [ fn + floor_ready
\mocl_bus [« | g dlat® + | spectrum_data
L Dusy e frig_result &
= start =+ specirum_sel
+busy imdct sg&?&dﬁj'—{_v
|_: -
B4
ra
window_data [+ ;4
window_sal [+ Cd
—— - Floor decoder:
L ]
J+ [+
Tl ™ constructs
data [
L]
, b floor from line
£ ;
window_config_sel [£ 7|+ config_se! window_select
window_start [5 =+ start ) Segl I lents-
window_busy [€ | busy frig_data [
frig_result
pa
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The Back-End

b s &1
" from ROM
ok reset packet_start [+
3z packet_end [ clk resat context [ n "
packet_start offset [
%2 =] start_address clk resel cods_sel
- — packet_data [&
=] end_address pacier code_data
residue_no_residue [ ] , +] data th_dECOder
] start residua_start [ residue_decode eoodiad dain
residue_busy & + | packet_sel =] context ec af
+ | busy I + | config_sel +] offsat
=1 g data -
o residue_packet_sal [& "_: ﬁ?r‘gsud:e residue_ready [+ 64 jel K
residue_config_sel & =+ start cidue data 32 to codeboo
é + | contig_sel + | busy re L] =+ E‘j/’
—h’lmiig data
J+ [+
clk reset code_sel [« i Lt
&4 code data & | ready ok reset
from ROM
. —Jan  hvq_decoder a4 ———] magnituce
— packet_sel —H ] context decoded_data _P'h-) angle
F oifset ) inverse_coupling
new_magnitude
[+ I+ I ﬁ new_angle
| kcll: \ "reset context f=~ 16 =
=] packet_sta
=] packet_end offset [ + | residue_ready
floor_packet sel [+ a2 packet_data
floor_config_sel & + | packet_sel
! B4
A floor_decode toor dat -
conlly [FI3) cong data Joor cata[3 T P
audio_packet_processor oot ready [+ ok reset
—| + | no_residue 645 residue_ready
floor_no_residue [« | | +| start | residue_data
floor_start [ 57 ] busy
floor_busy [+
s L+ dot_product
clk reset =] floor_data
imdet start [ n ] flocr_ready
- | frig_data
Imdct_busy f« L trig_result &= + | specirum_data
=] start =+ specirum_sel
+busy imdct specnum_data e ——7C——
spectrum_sel [
B4
window_data [+ ;4
window_sal [+ Cd
raw_cla1.a+_| |MDC I "
]
s s
L chk reset data_sel [§
data [
| ] "
i A e to time-domain
7] . -
window_config_sel [£ 7|+ config_se! window_select
window_start [ +] start . tra I ISfO rI I l L]
window_busy l& + | busy frig_data [
trig_result
Z M data
7 ot

frequency-domain




The Back-End

b s —
" from ROM
ok reset packet_start [+
3z packet_end [ clk resat context ls ls
packel_start affsat
%2 =] start_address packet data clkc o code_sel
1 Het_end oL
=] end_address pacier code_data
residue_no_residue [ ] , +| data th_dECOder
] start residua_start [ residue_decode ey
residue_busy & + | packet_sel =] context decoded_data
+ | busy I + | config_sel +] offsat
=1 fig_data -
residue_packet_sel & "_: ﬁ?r‘gslc:le residue_ready [3
6 residue_cenfig_sel [& =] start residus_data [ aq % Lo M8 deboock
# config_sel + | busy = yra
—h’lmiig data
J+ I
clk reset code_sel [« i Lt
&4 code data & | ready ok reset
0 from RAM —,L_‘ data th_decoder - o magnitsce
—_4- packet_sel et 3 context decoded_data angle
oftsat

[+

I

;

inverse_coupling

new_magnitude

naw_angle
oK context +—1L
: zzk:: :|I'|ad" atfsat [ residue_ready
floor_packet sel [+ a2 packet_data
floor_config SEIE']’% packet_sel
i B4
7+ eenig. sl floor_decode toor dat
) config [F 3] conig data cor.calal+ - B N
audio_packet_processor . . floor_ready I+ ok reset
- 645 residue_ready
floor_no_residue [« | ] start ] residue_data
floor_start [5 | +1 tus
floor_busy [+ €] d
S P dot_product
clk reset =] floor_data
imdet_start [ f H floer_ready
- | trig_data dal
Imdct_busy f« L trig_result &= + | specirum_data
=] start =+ specirum_sel
+busy imdct specium_data [F————7——
spectrum_sel [
B4
window_data [+ ;4
window_sal [+ Cd
=] Huffman/VQ
I+ [+
L ch reset data sel & L]
aF decoder:
6 =+| config_data t t S
window_config_sel [& 1= config_sel window_select re C O n S r u C
i n
window_start [ +] start C O m p re Sse
y trig_data [+
window_busy l& + | busy
irig_result [+ out
TJ N data ata.
7 ot




Questions?




