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Abstract

Although Deep Neural Network (DNN) shows excellent performance in pattern recognition such as
image processing and voice recognition, it has the disadvantage of requiring intensive computing powers
for real-time processing. This paper presents a programmable On-a-chip hardware for embedded smart
applications based on Deep Neural Network (DNN) computations. To implement and test the proposed
on—chip system, an FPGA-based development platform is produced and used. Since the main processor
and related hardwares can be implemented in the same FPGA using the platform, all hardware blocks can
be integrated and verified easily. A operation program is provided for On-a-chip system core initialization,
operation, and software development environment. The effectiveness of the proposed On-a-chip system is
shown through an experiment implementing an actual application system based on DNNs.

2P AFNA %P, £FtE

olo

CQIYE AEEAE, o Rl
keywords : DNN, Smart Applications, Embedded, Development platform, Error Backpropagation

1. M E Qg tuto]zo] JAYdE A7t BHH3E H

WA, 718 34 daafely A&7 FE

AF s o] Apol o1 o 3} A FRER AFAT A F LOE S8
T WA A2} o] B F(email: bklee@jejunu.ac.kr) i

A7 2023.09.05. AAFSEE: 2023.09.11. S NG vupol 2ol FEEHE o7k Frketa 9

Al 24 2023.09.20. tH1]. A1=2174% (Deep Neural Networks, DNN)


http://dx.doi.org/10.29056/jsav.2023.09.07

;;
2
o
fetl
-
“:?r‘
HF
= -
T op
rusi'
%
%0,
—E
4

#u DNNg 2

E MAC (Multiply
and Accumulate) &

ol& ARt

P,
Web BELFE A4 715l g A S vl
ojze] AZEgOHoR FHE AL oY

& A BARE

ozl'

fo 1% oo i T R

B e ot Olo

=

%0
o
%«
L N o
AN
—'ri_‘dH:l

Tl

2Rl A ] Els %%%
Preprocessing @A, 247 7k by A3}
of that Postprocessing @A 2 FAJo] HTh o] &
Zo| A Preprocessing¥} Postprocessing& £-%}3k
MAC Alxtol Ao itk 18yt A4 dd4ke]
A5 Ay dukslEo] glo Wl Ao
4 MAC ditez g A4uel Btk maA
AR A @Al gt A AL
H/W= F4staL, Axte]l EaA & YA
REE 2ZESOR AT 5 e JeHz A
gk Algksls &3 Alzde digt FES 99
AAH AREAES Adete] AT 7@

akaz
HE MEEAEFY FPGAd =
IP (Intellectual Property)&

2 Aold HWER

DNN_SoC¢} 3HA|
gast AegA
A FE =7

(Processor)

WEe] A4 As9E B A58 + Aok 7
g 2q Axde $4 443 geiE W )
Be 9o $PERIPL TEVT ARett
23 A28l DNN_SoCe] faAS Hol7] {3t
o] DNN 7]we] 57 Q1244128 AAE SoCol
A7 FART B Wrha

FPGAS| 7]Ws ¥ ZHEL HWE 2§e
tFet 23 Al2ES nE ez dA s dA
d| 3}

2 FEolA AdAE L A5 & e
F

2Aadt) oe o=

ox
o,

>,

[~

i)
Ay orlr oM

DNN3} 2& B3 417 3
AL 7]E MLZAES MAste] AHESth
ZY %)= FPGA (XILINX)Z é.gi 512M
Hpo] E o} 128Mute] E©] SDRAM 71wk 9 S A
W2es Besa Yok SDRAM uaua]— e
Z7]10173]

defel sk el 2 gwe 4
] =

2o, \’41’\] UﬂJ_EI% HE7

e Xiﬂé*‘ 7]?*—5 TRt} o]

EJI_O,] S/W h=S

Aol NEPEo| H|ste] 1E W2 gl
H AT FPGAo] DNN ## Ji 9o 3= 7]
249 24RE CPU, HAAAE, off AXA



2023 9 SI=RAZEQAUY

d1ets] ==X H19# M3=

ol gz AFYFS HoFETH
Hol| 9= ‘Algorithm Blocks' o= 3 %= DNN
He S/Wrp A7t

FPGA

8/16/32bits memory bus
]

(@) The development platform

(b) Operating Program
I8 1S E 2 RY=20
Development platform and operating program

Fig. 1.

ol
rir
o o

SRR e 2F A8 Gk TEAT
A2 LEON 28[7] AH&-gch Algl®l LEON2
CPUS} th& H/W a4 7he] HloJg/Alofe] 55
< A8A AFEEE UF H2zA2Ee AMBA
(AHB/APB) w2 #|&3ta 73} 95 -do]
HE ded Abgste offtute]ze] A&
g clEdo|2gE Fhgte 2 JAEAE Ul

A

i

A 2~H

=
2

Aoz st} o7 84w AA 2AT
S @33 DNN H/We} 22 FPGAo| R5F
HDL (Hardware Description Language) =
o] ¥7] W&o sprte] el Fabe A
GARE ATl 7hse o] vk

BEAN/A4 &N Bl AFEHIL 9l

44 o
U

o>

I
il
o
=
X
o
)

42
i A A AAdg 7
B 7 A A8 ae dae

¥ (Error Backpropagation) 0.2
Be opolAl AHE
7(

a73E B

75 o R

4
e
o)
d
A
i
s °
fo |
e
22 &
mlo

oo
B
N

o
1>,
e S
to oo f ox

o
z
o
N
N
o,

Y

)

o
& do 9
Lo

= a7
9] & receive s Tal= FAL Ko
18} jArele] ZFsRlolH, out=
HE EoloE g YEH =
%k" (1)01]/\1 dojzl ks A
2z 9& 4 ok

receive, = Zwijoutj 1)
j=1

AN do

ooy L

= flreceive,) )

out;

A (1), )
4
Hom st mapy of ks WA I
sk Aol AW AYHES 3
A 2 (D9 Aibe Koz A

3l 7Pfx]

Q)= AAT Axte



3. DNN_SoC

v

LEON 2&

ofN

Mo AR AP 7
T

FrESE's FRT 4 AE eF Aad
(DNN_SoC)9] W& #25 128 2|4 HolFr
Decoder  anB_1 (aHBLite) ABoAPE | |
(Lzowszccme; <—f e
DNN
[ - >

AHB_2) Coprocessor

Camera
nioiace [+ <> _2C_]

SDRAM
Controller |+

..D.,

Mux

a8 2. AsE Y] x5
Fig. 2. The architecture of internal blocks

= CPUSl LEON2: /4% IPE[7] o] &8s
FPGAS9] &ttt LEON29} &7 FPGA|+=
AHB_APB ‘ﬂ’\ Aoy7], G| Aoz} HE
g Alol7] (Memory controller)& &3t}
AHB/APB A ~ele CPU$ thE Aoj7|59 <
o] 25 93] AME¥ETh AHB AlzEle H<Ql
B2 (AHB_1)¢ ®xB|~ (AHB_2)2 3}
AAsa gFadE o] &ste & w93tk APB
e AEZ 9 RAAE dAs=
IC Qg #ol 2t G A4 AHggh

S Al zEld A @A
A AR daks dasls ‘DNN Computation
Coprocessor (DNN_CC)¢]™, DNN_CC¢ %7}
a9 3o YEld 9tk DNN_CCE W=y 2 H
ZAz=]e] gk H2d AleE 919k Host

| .
interface’ F&3} ASANATY] 2 8 FASE=

&

93 4S99 'DNN E53
2719 dlolg Wy (A Bz TAL golg H
HE 202 T4 AL el #yo] glE 4F
S AYstEA FA A2 dHolHE YA B
W2 7ML E WA g o)) Sljtelth

Host interface l

zzzzzz

a2l 3. DNN 7|dteiate 9|5t HW +X
Fig. 3. Architectural overview of computations

Host interface’ % DNN_CCe} 1§ 2¢]
e B23e Eyo|~E HRITh Direct
Memory Access (DMA)E A Q3l7]  wfid
DNN_CC7} CPU¢| Z=£-0] glo]x= SRAMd| ¢17]
/271 7} 7V ‘Source DMA'E CPU ] &9
HEeel 9l 912e DNN.CC 9 92
A2~E 2 GATY 98-S datste] dojxd 2t
= ‘Destination DMA'7} SDRAMo| A &<t}
DNN E22 2z odibs sl oz A
37+ AaE 2E< Compute_Module' = 4
attk ‘Compute Module'e w 3o A=
2 7 HEFAY &Y ==

w72 A¥keE (Foreward) . &
S eapE o' Aaketh Askg
9] zke ‘Host Interface’ 2o HgH

SDRAMe| A7t}
‘Compute_Module’®] &% ~F]
(Register Transfer Level, RTL) Oﬂ A €]
Aol AHEEE Ame] H/W %

o
HIV S

o
o
J
i
I

1o,
b
Iy

£
H‘

Yy @ e N o 0
=
o
)
o
2y i}



20234 9 St=AZEOAYEIete ==X M197 HM3=

vy
v v-
—
v s
B n
]
i »D ’% M s g
E

& 4. 'Compute_Module’'e] RTL €5 %
Fig. 4. The RTL block of the Compute_Module

it

U o

flo not

" ¥
u)
o,
e
£ 3o

o,
ro,
of\
()

—_
©

g

%]

jo

[\]

g.

=

w

N

=

off oy
R0

9

B0
ok,
oX,

o

i
4
o
g
rlo
=

=
ok g

b
o
Ju
z
i1
J

lo,

o,
10 oot
e
I o
o o

¥

e

X

=

i)

=)

~

[~

a

=)

.o ox

fr w2 .
S o et o

Q.
=.
w

oxl
H
lo
=
Y
>
v
o
]
o,

785 DNN.CCE FAsE RE /WSS
Verilog HDL(VHDL) & #9®
2 ALEYRE FPGA TEIT 23
FAE ATW) Ak 9% eaade 7

o

= = 2
714 rx}z OM h ﬁOlE}. SEAH
Aol Fo wAR 74
A 10071E 7FA 3L = 640 x 720=27]2] 47
20E 5 25EH SRAMd| =t 9g€H
ARG A $A8E Fute] ANE e &
2 etk ByE A ouAES 9g A7)
Ql 28X28= A tshditt. olel Bgs AA doH
Aarste 200709 H7A A oW A= Y
AR tEs 53 /s e 23 Al

=]
A i—rEi .l 2007H 9l (:”EX}

A Zo| A 19118 A8 EHe4

E 1. Mot DNNe| =2 HE|
Table 1. Configurations of the proposed DNN
A3k
784/16/8/10
A5 ReLU
JAE 9%.5%

5% #d 9ty

o rlo

)
NS Y
O_L,\Lf‘gﬂl
- >
o
=

o)
[
ro,
> >
>

_H
o

|
e

w4
2
i
>

oL
>

2,
rlo
[ == s}

>
o
o

_ﬁ

-

ol
BCA

My o
o
=
—

>,
o
2

2 ¢
ot 1=

25 oH Nxﬂ A=
ol Ao (DNN A g A7t
g 6671 A=)’ =2

LRI
flo to
.wrsL'

N
B
Fo
=2
P

o 2
al < ZI:‘E At 3 A3 CPUE AH-&
= S/Wa 7d% 49 DNN Fo] 668%7}
Q. 05]011:]- ﬁj,}ﬂoigﬁ A]

flo ok
¥R %
2 6o i
rir
o,
g X
O
i E f
o
i 83 Q
§
ot =
o lo
£
4
rBL -W
o
rlo 01?1,,'
Y 02.‘
o
i1k
e

=T =T

)

=
o off
L)
Ol::
=
o
X
ororir
e X
N rO
S
Y, off oo

oL
e
olo
ofo
tlo
-
oot
ol
ol
rir
Py

2
N
g ow g

(ot
N

2 chAd Mzt
Table 2. Processing times of processing steps

g A TAY e 8T A msec)

22/4538F | S/W (LEON2) 953
A7 At DNN H/W 3,061
T2 S/W (LEON2) 92




o

2=

=2

M
gl o] Abgo] 7H5d DNN_SoC
A, FPGA 7]dhe] 7=
A FES HAE 9 A
Aotd &4
Agstel S/Web §3tE e T
of W3l RELS S/W2 A
&g 729 DNNE A 2wl
R

N8 Hluel o] ‘AnlE’

ol g,
Y

LT
2

fo 2
ol
o
!

SRR

off ol nu oo
o = > 1o

Job m
o
_0|L
2
vl

A zegle
Co-design 7|9

ZE 7HA7

T

HA

g 23 Azgl Fds)
4 A"l AL Tuto] sl ‘amhE S8
TER ) gHoR & £ JSe HAld

[1] Albawi, S., Mohammed, T. A., & Al-Zawi,
S. (2017). Understanding of a convolutional
neural network. International Conference on
Engineering and Technology (ICET), 1-6.
https://ieeexplore.ieee.org/document/8303186

[2] Chen, Y. Xie, Y., Song, L, Chen, F., &
Tang, T. (2020). A survey of accelerator
architectures for deep neural net works.
Engineering,  6(3),  264-274.  https://
www.sciencedirect.com/science/article/pii/S2
(095809919306356

[3] Lulin Chen. (2018). A CNN(Convolutional
Neural Network) hardware implementation.
https://github.com/lulinchen/cnn_open

[4 G. Kwon & T. Suh. (2022). A Study of
Edge Al Hardware for Real-Time Inference
of Convolutional Neural Network Model
Using FPGA. The winter Conference of
Korean association of Computer Education,
26(1), 273-276. https://www.dbpia.co.kr/pdf/
pdfView.do?nodeld=NODE11032169&googlel
PSandBox=false&mark=0&ipRange=false&ac

cessgl=Y&language=ko_KR&hasTopBanner=
true
[5] M. Shabiul, M. S. Beg, M. S. Bhuyan &

M.  Othman. (2006).  Design  and
Implementation of Discrete Cosine
Transform Chip for Digital Comsumer

Products. IEEE Transaction on Consumer
Electronics, 52(3), 998 - 1003.
https://ieeexplore.ieee.org/document/1706499
[6] B. Lee. (2014). A programmable Soc for

Various Image Applications Based on
Mobile  Devices.  Journal of  Korea
Multimedia  Society, 17(3),  324-332.

http://dx.doi.org/10.9717/kmms.2014.17.3.324

[7] Gaisler Research.. LEON2 processor user's
manua. http://www.gaisler.com

[8] Alex Krizhevsky, Ilya Sutskever & Geoffrey
E. Hinton. (2011). ImageNet - Classification
with Deep Convolutional Neural Networks.
Proceedings of the 25th International
Conference on NIPS, 1, 1097-1105.
https://papers.nips.cc/paper/4824-imagenet—c
lassification-with-deep-convolutional -neural
-networks.pdf

[9] P. G. D. Valle, D. Atienza, G. Paci & F.
Poletti.  (2007). Application of FPGA
Emulation to SoC Floorplan and Packaging
Exploration. XXII Conference on Design of
Circuits and Integrated System, 236 - 240.
https://www.researchgate.net/publication/374
50691_Application_of FPGA_Emulation_to_S
oC_Floorplan_and_Packaging_Exploration

[10] LeCun, Y. (2013). Mnist handwritten digit
database. http://yann.lecun.com/exdb/mnist/

X xp A TH

ol 27 (Bongkyu Lee)

19952 Aot 7 FE Tk uhak
1996384 @ AFojsta wy
<FRARCE> ATAY, AE



