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Circuit Operation

Receives 14x14 gray scale image as a vector

Feeds forward values through neural network to determine the digit
Deciphers the output

Displays guessed digit on seven segment display
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ANN Top File Block Diagram
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What is a Neural Network™?

a =
_______

e Isa machine learning program >~
that makes decisions similar to h
a human brain

e Each neuron communicates S
with each other @

e |[f the output of a neuron
threshold is surpassed the
neuron sends its information to
the next layer

e Neural Networks require data
training to help it detect
patterns

hidden
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Neuron

Multiply-and-accumulate architecture
Weights & biases: [8 7]
Activations:

e [90]

o [224]

o [328]

ReLU

J
nt = ni + nw + [log, (X1 + 1)]

RelU




Layer

Layer 1:

Xl=196
X0 =16
W=16x196
B=16

Layer 2:

Xl =16
X0 =10
W=10x16
B=10
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Layer 2 Simulation

2,060 ns 2,080 ns 2,100 ns 2,120 ns 2,140 ns 2,160 ns 2,180 ns 2,200 ns 2,220 ns
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WS 0
v 0 ’7
> % a__1_.,21:q 000000,0 1 000000,000000,00217a,001919 000000,000000,000000,0UOUUU,OUIfhh 000000 ,000000,000000,000000,000000,001124,000000
> ™ a_|j[9..31:§ 0000000 00000000,00000000,0 I]I]UI]II]|]3a,l]lJI]I]UDD UI]I]I]ff31 0000££13, 3 3 ‘,I]l]UI]I]EI I]UIJUI]I]UI] 00024711, I]UIJUI]I]UI] 00000000,000070 0000000 0001‘8213,
8 sig_bs
8 sig_Eo 0 Il
> Msig k[3:0] § O ii 0 1 2 3 S 5 6 7 8 ] a b i c d e £
8ly I s T ‘ : : T ‘ ‘ ‘ ( |
T T T -

e Kiiterates through all input neurons (16 total)
e Enable accumulator register
e (hoose add bias first clock cycle

done
start



C o m pa ra to r Output Layer Activations

resetn clk

resetn=0

s1 |

Emax, sclrmax, Eind,
sclrind <-1

0to 9 counter

sclrmax
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18 clk
18 resetn
v W3] j[9:0,31:0]
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Index Capture & Seven Seg Display

)

(&
Seven Se9
CA’%CG l

Register - captures the
ANN’s guess once the
‘done’ signal goes high

Seven Segment Decoder -
convert BCD to Seven
Segment decoding; this
displays on a single Seven
Segment Display

.
----
-----



Syn’rheslzmg Text Files

000000000 - oira e

000000000 ° Utlllzgd an Impure . -

000000011 : Function to synthesize @

gaggraaa1 e e text files in VHDL

000011001 é .2

000010100 . :

000000011 e The function itself is .

000000000 NOT part of the T
hardware

e Essentially reads a
text file and stores
them as constant
values (weights,
biases, activation

input)

)




Bitstream / Hardware
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e The Nexys A7 100T board .

was required for this project

as the program was too big
for the 50T board

e Outputs are put on the 7
Segment Display



Project Demo for the Number 8

8-a0, txt"); dit the # to che



https://docs.google.com/file/d/1USUozrj4cpV1NKorApZDw7VQcSOXKG-h/preview
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http://bit.ly/2PfT4lq

