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What we have 4\

The FPGA DJ can play two songs simultaneously
Playback and effects are controlled by the keyboard
Play/pause, skip around songs, loop songs

Gain, echo, low pass/high pass filtering, airhorn



Behind the scenes ¢

e Hardware FFT & IFFT to apply frequency domain effects
Audio interface
o Qsys
o FIFOs to hold data and signal when codec is busy or free
e Hardware-software interface
o Devicedrivers to allow software to write song data and control frequency cutoffs
o Interrupts sent by hardware to ensure writes from software are timed correctly
e Software logic to read WAV files, processes input from a keyboard, and do some audio
processing



Hardware




Pipelined FFT/IFFT
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Hardware Effects - Frequency Domain

Filtering

Time
coeff[41:0] =2097152

coeff[41:0] =2097152

i sync=0




Frequency Domain Effects Hardware Architecture

= Delay = O(N) i A Delay = O(N) 2
. A Delay = O(1) 2 L
I i
Top-Level Module
fxed pinl e
setmons)  TipElined FET Block svne SYNe Pipelined IEFT Block
(Left Channel) - (Left Channel) Time Series.
Frequency Series _y Frequency Series
i /]
Frequecy Domain Effects { s i —=al GODEG: L —
(Filtering) o
- i
Avalon Slave
FrequencySeres | | Frequency Series
Pipelined IFFT Block |
Pipelined FFT Block L > L Time Series—)
(Right Channel) f— e SYNC (Right Channel)

Filter Controls



Audio Interface &

Avalon Slave
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Hardware-Software Interface

(

3= system Contents.

33| Address Map 23

System: soc_system Path: clk 0

Interconnect Requirements £

reset_source

Reset Output

Connections Name Description Export [clock Base End IRQ
8 dk_o Clock Source |
o k_in Clock Input clk exported
o1 clkin_reset Reset Input reset
———————————————— <k Clock Output clk_o
————————————————| clkreset Reset Output
213 hps_0 |Arria V/Cyclone V Hard Proce.
h2f userl_clock Clock Output lhps_0_h2...
o1 memory Conduit hps_ddr3
o1 hps_io Conduit hps
h2f reset Reset Output
h2f_axi_clock Clock Input clk_0
h2f ax_master IAXI Master (h2f_axi
f2h_axi_clock Clock Input clk_0
f2h_axi_slave IAXI Slave (f2h_axi
h2f hw_axi_clock Clock Input clk_0
————————————|  hafw_axi_master IAXI Master (h2f_w_a.
———————————|  f2nlirq0 Interrupt Receiver IRQ 0 IRQ 31
f2hirql Interrupt Receiver IRQ O IRQ 31
vl B mixer_0 Mixer
clock Clock Input |dlk_o
reset Reset Input (clock]
o] mixer Conduit mixer iclock]
avalon_slave_0 |Avalon Memory Mapped Slave iclock] 00000_0000 (0x0000_o00f
———————|  avalon_streaming_source_right lAvalon Streaming Source iclock]
(| avalonstreaming_source left lAvalon Streaming Source (clock]
interrupt_sender Interrupt Sender {clock]
7} B D)0 ]
left_fifo_source lAvalon Streaming Sink (clk)
right_fifo_source lAvalon Streaming Sink (clk]
reset Reset Input (clk)
clk Clock Input clk_0
(|  codec_left fifo_sink \Avalon Streaming Source (clk)
~———————(|  codec_right_fifo_sink lAvalon Streaming Source (clk)
effects |Avalon Memory Mapped Slave (clk] 00000_0080 l0x0000_oob
2 8 audio_and_video_config_0 lAudio and Video Config
clk Clock Input [dlk_o
reset Reset Input [clk]
avalon_av_config_slave |Avalon Memory Mapped Slave {clk] 0x0000_0020 (0x0000_o02f
o external interface Condut audio_and video_c...
7] & audio_0 udio
clk Clock Input clk_0
reset Reset Input (clk)
avalon left_channel_source lAvalon Streaming Source (clk]
avalon_right_channél_source lAvalon Streaming Source (clk)
avalon_left_channel_sink /Avalon Streaming Sink (clk]
avalon_right_channel_sink lAvalon Streaming Sink fclkl
external_interface Condut audio_0_external i
Wl B8 audio_pll_0 \Audio Clock for DE-series Boa...
refclk Clock Input [dlk_o
ref reset Reset Input
af  audio_ck Clock Output laudio_pl...




Software



Software 4
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The Canonical WAVE file format

File offset field name Field Size
(bytes) (bytes)
0 ChunkID 4 The "RIFF” chunk descriptor
4
. ChunksSize 4 The Format of concern here is
Format 4 "WAWVE", which requires two
12 sub-chunks: "fmt " and "data"
Subchunki11D 4 b
16
Subchunki Size 4
20
AudioFormat 2
22 The "fmt " sub-chunk
NumcChannels 2
2 SampleRate 4 describes the format of
28 the sound information in
w ByteRate 4 the data sub-chunk
Blockalign 2
34
BitsPerSample 2 S
36
Subchunk21D 4 3
40 The "data” sub-chunk
Subchunk2Size 4
a4 2 Indicates the size of the
@ sound information and
data % contains the raw sound
5 data
]
“w

int song_ndx;

int do_silent;
float gain;

int do_echo;

int echo _offset;
int do_loop;
uint8_t 1lpf_cutoff;
uint8_t hpf_cutoff;




Software Effects - Time Domain
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Validation and Testing &




Simple Filtering Test




o_result[41:0] =-7

1c=0

o_syn
coeff[41:0] =2097152

1 sampl 0] =-4194324

sample[31:0] =-58

result[41:0]

0 sync

coeff[41:0] =2097152

sample[41:0] =-4194324

result[51:0] =53821308935




FFT Output / Filter Input || |
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 Filter Output / IFFT Input




FFT Output / Eilt'er_’ln_putlfl :

Filter Output / IFFT Input










