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Design Overview

User Mode Kernel Mode Hardware
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Audio and Read audio and notes data VAUD_XCK 12C
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USB keyboard input Bus I - [
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draw text
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Audio HW Control

Description

/ Hard Proce...

|audio Clock for DE-series Boa...

Config

apped Slave

Use Connections Name
v B ck 0 |Clock Source
=g clk_in |Clock Input
=g clk_in_reset |Reset Input
clk |Clock Output
clk_reset iReset Output
% B hps_0 |Arria V/Cyclone \
h2f_userl_clock |Clock Output
<1 memory |conduit
> hps_io |Conduit
h2f reset |Reset Output
_axi_clock |Clock Input
e —————— axi_master ‘ XI Master
f2h_axi_clock |Clock Input
f2h_axi_slave |AXI Slave
h2f Iw_axi_clock |Clock Input
T T 73 h2f_lw_axi_master |[AXI Master
— T f2h_irqo
f2h_irql
1% 21 audio_pll_0
ref_clk [Clock Input
ref_reset |Reset Input
audio_clk lock Output
s ) reset_source eset Output
v B clock_bridge_0 lock Bridge
T in_clk |Clock Input
— out_clk |Clock Quepft
= out_clk_1 |CloeOutput
v B audio_and _vide.«Audio and Video
clk 1C|0ck Input
reset |Reset Input
avalon_av_config... ‘Avalon Memory Mapped Slave
> external_interface |Conduit
v B audio_0 Audio
o> clk |Clock Input
> reset t Input
P avalon_audio_sla. lon Memo
——T—TTT T rupt Senc
sl external_interface |Conduit

Export

clk
reset

hps_ddr3
hps

aud_clk

aud_config

aud

Clock Base

exported

clk_0

hps_0_h2,

clk_0
[h2f_axi_..
clk_0
[f2h_axi_..
clk_0
[h2f_lw_a,

IRQ O IRQ 31—

IRQ O IRQ 31

clk_0

audio_pll...

audio_p...
clock_bri...
clock_bri...

clk_0
[clk]
C

clock_br...
[clk]
[clk]
[clk]

0x0000_0000 0x0000_ooof

—

System: soc_system Path: audio_pll 0

Audio Clock for DE-series Boards

altera_up_avalon_audio_pll

|~ Settings
Reference clock 50.0

Audio Clock Frequency: |12 288

MHz
v | MHz

System: soc_system Path: audio_and video_config_0

Audio and Video Config

altera_up,

wvalon_audio_and_video_config

| |~ Components
Audio/Video Device:  |on-Board Peripherals

DE Board: DE1-SoC \A

v| Auto Initialize Device(s)

| |” Auto Initialization Parameters for Audio
| Audio In Path: Line In to ADC -

v| Audio Out - Enable DAC Output
Audio Out - Microphone Bypass
Audio Out - Line In Bypass

Data Format: Left Justified |w

Bit Length: 16 |w

Sampling Rate: ;18 kHz | w

System: soc_system

Audio

altera_up_avalon_audio

Path: audio_0

|~ Interface Settings
Avalon Type: [Memory Mapped | »
L |

= Audio Direction
] Audio In
[v] Audio Out

|~ Data Format
Data Width:: [16 |+
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Audio Control & HW/SW Interface

Clock Reset
Table 2. Control register bits
Bit number | Bit name | Read/Write | Description
0 RE R/W Interrupt-enable bit for read interrupts. If the RE bit
is set to 1 and both the left and right channel read
Left FIFO Input FIFOs contain data, the Audio core generates an in-
Audio Reaist from ADC terrupt request (IRQ).
DR EE Deserializer 1 WE R/W Interrupt-enable bit for write interrupts. If the WE
Avalon Control Rigm FIFO bit is set to 1 and both the left and right channel write
Switch FIFOs have space available for more data, the Audio
Fabric Avalon FIFO Space core generates an interrupt request (IRQ).
P 2 CR R/W Clears the Audio core’s Input FIFOs, when the bit is
ort Left Data L i i
1. Clear remains active until specifically set to zero.
Right Data Left FIFO o —— o 3 CwW R/W Clears the Audio core’s Output FIFOs, when the bit
o ~% is 1. Clear remains active until specifically set to
Serializer — )
- zero.
Right FIFO 8 RI R Indicates that a read interrupt is pending.
9 WI R Indicates that a write interrupt is pending.
4.1.2  Fifospace Register
The £ifospace register fields WSLC (b31-24) and WSRC (b23-16) indicate the number of words available (i.e., the
Figure 1. Block diagram for Audio core with Memory-Mapped Interface amount of empty space) for outgoing data in the left and right channel FIFOs, respectively, while RALC (b;5-g) and
RARC (b7-) indicate the number of words of incoming audio data in the left and right channel FIFOs, respectively.
Table 1. Audio core register map When all of the outgoing and incoming FIFOs are empty, the fifospace register will hold WSLC = WSRC = 128,
Offset Register RIW Bit Description and RALC = RARC = 0.
in bytes Name 31..24[23...16 [15...10 | 9 [ 8 [7..4[ 3 [ 2 [ 1 [0 )
0 control RW (1) WI|RI| (1) |CW|CR|WE|RE ) Each FIFO can store up to 128 32-bit words.
- 4.1.3 Leftdata Register * « .
4 fifospace | R | WSLC| WSRC] RALC RARC 2*128 * 32 = 8192 bits
8 leftdata | RW(2) Left Data The leftdata register is readable only for Audio In and writable only for Audio Out. It stores the data coming
12 rightdata | RW (2) Right Data from or going to the left channel. The data is always flush right, i.e., the LSB is by of the 1eftdata register.

4.1.4 Rightdata Register

Notes on Table 1:

1) Resi d. Read values ¢ defined. Writs i " . : . « = . g 5
(beservedReadialuesarnde Aot titeZer The rightdata register is readable only for Audio In and writable only for Audio Out. It stores the data coming

(2) Only reads incoming audio data and writes outgoing audio data. from or going to the right channel. The data is always flush right, i.e., the LSB is by of the rightdata register.

&5 COLUMBIA | ENGINEERING

7N The Fu Foundation School of Engineering and Applied Science




Audio SW Control

play thread func

Init, open /dev/audio

load_audio(const char *filename);

s — int play_audio(int time_ms);
int pulse_audio(void);
No-»{ Sleep 200 us e . .
v nt reset_audio(void);
Update finished ] e int audio_time(void);

Write 64x16 bits data int is audio finished(vc'
to Avalon Bus / : = S
A4

free_audio(void);

Update pos
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VGA HW Control

vaa framebuffer dev :> ioctl(VGA_FRAMEBUF :> iowrite8(pixel.color, :>
9a_ - FER_WRITE_PIXEL) dev.virtbase + pixel.addr)

Store colors

Propagate signals

via Avalon MM @ vga_mem Output: VGA_R,
:> vga_framebuffer.sv | > VGA G, VGA_B and
% vga_counters syine Sighel

Calculate locations

System: soc_system Path: vga_framebuffer_0.avalon_slave_0

Use Connections | Name Description Export Clock Base End IRQ
v B clk_0 Clock Source
1= | clk_in Clock Input clk exported
= | clk_in_reset Reset Input reset
clk 1C|o(k Output clk_0
clk_reset |Reset Output
v Arri /Cyclone V Hard Proce...
Cloc pu hps_0_h2...
Conduit hps_ddr3
Conduit hps
a o Resources used:
h2f_axi_...
) clk_0
2 - [f2h_axi_...
(i [ vga_mem
_axi_master r [h2f_Iw_a... .
2 q |Interrupt Receiver IRQ O IRQ 31 307200 * 8 bItS -
f2h_irql Interrupt Receiver IRQ O IRQ 31
v B vga_framebuffe... |vga_framebuffer
clock |Clock Input | clk_0 H
__reset  |Reset Input | [clock] 2457600 bItS
[ avalon slave 0 |Avalon Memory Mapped Slave [clock] 0x0000_0000 0x0007_ffff
> vga |Conduit vga [clock]
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VGA HW/SW Interface

Offset

0

1

307198

307199

Register name
pixel[0]

pixel[1]
pixel[2]

pixel[2]
pixell...]
pixel[307198]

pixel[307199]

R/W

= £ £ = = = =

Description

8-bit color index at pixel[0]

8-bit color index at pixel[1]

8-bit color index at pixel[2]

8-bit color index at pixel[2]

8-bit color index at pixell...]

8-bit color index at pixel[307198]

8-bit color index at pixel[307199]
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Sprite SW Implementation
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sprite_t *sprite_load(const char *filename);
sprite_draw(sprite_t *sprite, int dst_x, int dst_y, int target_w, int target_h);
draw_bg (int combo, int score);
draw_combo(int combo);
draw_score(int score);
draw_score_final(int score);
split_digits(int num, int digits[5]);

id sprite_free(sprite_t *sprite);
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Framebuffer SW Control

SW HW
current_fb next fb FPGA VGA mem

o PP .

sprite: logo 7

1) sprite_draw(...) mﬁéﬁ
foputs(...)

2) framebuffer_swap() - HH;%_S;
a) Send diff via Avalon

foputchar.h

id fbputchar(int x, int y, char c, int color_index);

oid fbputs(int x, int y, const char *s, int color_index);
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Framebuffer SW Control

SW HW
current_fb next fb FPGA VGA mem
Yoo Yoo Yoo
2) framebuffer _swap() RHYTHM RHYTHM RHYTHM

HFISTEH HF‘lSTEH HF‘lSTEH
a) current_fb = next fb

3) framebuffer_clear( - H{%ﬁ;
MASTER

Ready for next frame ...
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Game Logic Key Functions

Game Menu

® Main Menu and Pause Menu

® Provide difficulty selection and song selection
Note Rendering

® Pre-processed beat maps

® Pre-processed note animation arrays

Hit Feedback

e Monitor keyboard for press detection

e Eliminate note and give feedback (MISS/GREAT/PERFECT)
Scoring

® Score = GREAT * 30 + PERFECT * 50 + combo bonus
e Level Feedback (S/A/B/C/D)
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Game Controller

e USB Keyboard

PrSer — insert | pelete

BackSpace
e

Confirm selection/Pause game

Move cursor up/down
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Game Logic Flowchart

Toggle between .
oS . Enter pressed
Initialize Framebuffer; /Option selected|
Open Keyboard; Display Main Menu Tutorial
Load Sprites Enter
T pressed
Song ;
Selection Enter pressed Difficulty
[Difficulty selected
Enter
Parameter Initialization; -
Game Over;
PRI G Display Score and Level
Play audio DAy

Game Menu

Get Audio time

Is_Audio_Finished?

No audio_time - last_frame
. No——
7% 2 frame_interval?
aused?
Enter
Yes pressed

Eliminate Note

Toggle

between Display Pause
menu
options Menu

Enter pressed

Give Hit Feedback

Update Combo
and Score

Spawn New
Note

l

Eliminate Note;
Give MISS Feedback;
Reset Combo

. Back to
T Restart ’ [Contlnue] ‘Main Menu]

Display Interface

before Pause and

Countdown in 3s Game Main LOOp
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Demo

27p

1l

—
RHYTHM

MASTER

Uelcome to Rhythm Master!
Please select an option:

>Play
Tutorial
Difficulty
Exit

Main Menu, Song Selection

Menu, and Pause Menu
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L0

Playing Interface and

Final Score Level
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