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Project Breakdown

« Camera reads spectrogram, processed
with IFFT module, output as looping audio

« Tyler is building VGA output GUI,
including user editable filter diagram

 Dimitri is handling NTSC input and
memory control

 Bryan is streaming spectral samples
through IFFT, applying filter, and
outputing audio



Unless otherwise stated

[35:0] 4 bytes all compaonents are running

encading 4 pixels of at a 65 mHz clock
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Full System Dimitri
Block Diagram NTSC Grayscale

Decoder Conversion 2 cycle delay an

ZBT memaory for
after every read
and write signal

Overl
1MB ZBTRAM | ([n:0] 1MB ZBT \ disiay
[11:0] x coordinate Captured RAM Qverlay | color

[11:0] y coordinate
[2:0] butten click (left-mid-right)

oppased to
Ima ge Storage the image

wehich is in
greyscale

PS/2
Interface

If overlay enabled,
heawvy summing,
heawvy multiplication
only in IFFT stage

Overlays
Enabled?

Edit Mode

Interpolation once in

MNecessary Sprites:
Pause R between rows yields —960

Therefere an image yields

Image Capture 720 * 960 = 28.8 s of data Fourier Domain

Image

Bode Plat GUI Central at 24,000 Hz Interpolation
Owerlay Capture

Scanline Controller

Mouse Cursor Captured Image

8x12 bit registers : x Selectable Overlays

8x10 bit registers : Adjustable Bode Plot

Current Frequency Domain

Tyfer Scanline
Window
ASCI Memory: Function
BERAM
-9
A-Z all caps .
8 bits per row Bode Diagram
12 rows per character
36 characters
432 rows ¥ B bits = 432 bytes Pre-IFFT Buffer
1024x768 Bode Memary Usage: 128 x 16bit
i Freq Domain : 2048 bits | Frequency
VGA Output Time Domain : 2048 bits Domain
Coefficients :
1024 Tap IFFT

IFFT Module Resources::
9 18x18 Multipliers

7 BRAM blocks

1488 Slices

Bryan

128 Tap IFFT

Uses Pipelined design with
normalized autput

Post-IFFT Buffer

Output

Buffer Output Filter

Buffer Memary:
1024 » 12 bit locations

720 real values with trailing zeros

Successive output audio sample

interpolated by averaging previcus and
current value to achieve 48000 Hz
output rate

Buffers updated at end of every
720 hcount
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PS/2

regel 65 mHz clock

camera_capture_request
camera_capture_memselect
display_read_raguest

captured_image_index_x [9:0]

captured_image_indax_y [8:0] )
< /" GUI - Display

brutton_name_activated - 1 bit Sprites:
pixel_data [31:0] _Fau;:
o -Image Capture
-Image
~Bode Plot Line
*pixal[7:0) -Bode Grab Point
o -Edit Mode
-Enable Overlay
ASCI_address [5:0] Diagrams
-Bode Plot
-Overlay Caplure
b'ln_dick[z:lll] -SGE.I'“:'I!’E i
Ao md rght
heount [10:0] Mouse Cursor
- veount [500]

15%12 bit parfreq : x

15x10 bit parirag
maouse x_coordinate [11: parieg -y

mause_y_coordinats [11:0]

pixel_value [8]
ar, 39, 2b

1024x768

pause =
pause | scan_agrab

button_name_activated - 1 bit

enable_overay -1 bit

grab_paint_adjust - 1 bit

>

. bin_click]2:0]

left, mid right

. mouse x coordinate [11:0]

" mouse_y_coordinate [11:0]
intensity [7:0]

_‘mamur'_.'_laady

-

scan_bar_index_y [9:0] overlay_request

VGA Output

Interface

[11:0] » coordinats
[11:0] ¥ coordinate
[2:0] button click (left-mid-right)

GUI - Controller

Calculate new bode line plat
Control Edit Mode

Request Overlay

memory_ready




mouse_x_coordinate [11:0]
mouse_y_coordinate [11:0]

bin_click [2:0]

heount[11:0]
weountS:0]

mouse_pixel[7:0]



scan_bar_index_y [9:0]

Fcount]11:0]
weount[9:0]

row_of_pixel_data [720] [8]

mouse_x_coordinate [11:0]
misuse vy coordinate [11:0]

fourier_series_pixel [7:0]

bede_freq_coef [16]

btn_click [2:0]

heount]11:0]
veslnt[9:0]

coef_index[6:0)

bode_line_pixal [7:0)



btn_click [2:0]

mouse_x_coordinate [11:0) subhcount[9:0]
mouse_y_coordinate [11:0] subwoount[3:0]

edit_write_domplate m
intensity[7:0]
intensity[7:0]
subhcount[9:0]
subveount]d:0]

fourier_saries_pixel [7:0]
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Camera »

adv_data_clk

camera_clk [2:0] camera_fvh
r--JL--!L-----------!
I Memory

! Controller

camera_pixel_ready

[9:0] adv_data

pixel_ready

ADV7185

Generates the image data and
clock from the camera

i2c_clk i2c_data adv_reset

reset clk_27mHz

[29:0] YCrCb

[7:0] camera_pixel

[3:0] camera_processing_operation

GUI

JE A
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N
! display_resd_recuest
L)
|
I
|
| 118:0] euarlay_addr [35-0] ram]_data
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| [L:01] ram]_achress
!
0] edit_h

F o - raml_cen
1 raml_we
! [B:0 et we 118:0] adit_addr [3:0] averlay_twe
L] 12:0] raml_bae
|
1 [7:01 edit_value [3:0] edit_bws
I
1

edit_ memsslect
il write request
I e write_compiete
-
———
===y
IFFT 1 507 if_he 135:0] Ht_data_main
I
1 120 ift_ve
I 135:0] ifN_data_overlay
I 70 immain_pisal
-
| (700 iffe_owveriay_pisi 118:00 #ft_addr
-
|
1
1 iFft_raad_request
!_ Tt _read comphete
1



Bryan:
RAM to IFFT

[9:0] h_count
-~

[8:0] v_count
-—

read_enable
-

[7:0] main_val
—_—

[7:0] overlay_v
E—

data_ready
—_—

RAM Module

A

clk_B65mhz,
reset

[11:0] value
—_—

[9:0] index
—_— -

data_ready
—_—

request_data
-

clk_B5mhz,
reset

[11:0] value
—_—

[9:0] index
—_—

data_ready
_—

request_data
-+~

[9:0] read_index
-

clock_enable
—
start
—_—
[11:0] real_wvalu
_—
[11:0] start
—_—

clk_65mhz,
reset

IFFT



Bryan:
IFFT through audio output

clk_B5mhz
reset

11:0] imag_i [11:0] value

R
11:0 i
Jreal [9:0] index
_—
[9:0] index
data_ready
_

data_ready

request_data
-~

clk_65mhz,
reset

IFFT

[11:0] value

[6:0] index
write_enable

[6:0] index [11:0] value

clk_65mhz,
reset

[11:0] value
EE——

[9:0] index
_—

data_ready
—_—

request_data
R pa——

f

val_up,
vol_down,
mute

clk_B5mhz,
reset

Bode Module

[18:0] value
—-

ac97_ready
-

AC97




Rough Timeline

« Week of 11/17: Basic Module
Functionality on the bench

- Week of 11/24: Polish and Integrate
Modules

« Week of 12/01: Characterization and
testing; extra features.

« Week of 12/08: Presentations and report
due



