ACK 2024 st=

=27 (312 235)

FPGA 7149t Al 7}&olA PYNQY &34
3-8 Petalinux2te] sl

et weks

SRR

PP &/ e A A
dbals4662@seoultech.ac.kr, crocO001@seoultech.ac.kr, leechaebin@seoultech.ac.kr

Effective Application of PYNQ for
FPGA-Based Al Acceleration:
A Comparative Research with Petalinux

Yu-min Kang!, Han-yul Min!, Chae-bin Lee!
'Dept. of Electronic and IT Media Engineering,
Seoul National University of Science and Technology

e oF

B =52 FPGA 7]4ke] Petalinux SDK®} PYNQ #1919 ojujx] g &£=Z dHludt) o

Tl A= YOLO v3 Tiny®} Darknet-19 &38| Z&S AF&31o] FPGAC A 1A Xﬂ }sl CNN 7}&7)

2 A¥S A3 T Petalinux SDKE o]u[#] Aol ¢F 233.13ms7} A% ¥, PYNQ =

HFaE oF 2.55ms7F 285 ¢ wE S5 BT olE F3 PYNQY HAH} & 7t

ZAze, 71 A9 s A s
1. MB S 53 FPGA] wixl® HWeF Aazgs 4= 9l

A HWE E3 Al 7k 7@ A 7F 89 h.[3]

&=, 53] Computer Vision &-¢FelA] HWE 2 =52 9 7 9 dedz= FHF9 ojuH
o]-g3gt oln|x] Az 7|&o] FEI ri[1] HW A g5 A8z sk
e T A He FEE swu&gi% A7 2. AT #HH

o olHdE AFsH, old wet FPGA T
A Fo] 8% 7|=E FAFetal T

=52 Petalinux SDK9} PYNQ Z#dY=a F
7FAl FPGA 718k ZHES vlaLste] ofu|x] A g
AlHE A= A4S BX =2 3t FPGA HWell&=
ARA] AAEE CNN 7FE71E AREsh, Al REl
YOLO v3 Tiny, ©°l9x A7 LdudgdHFS
Darknet-19 &ig]5S 28313t

Petalinux SDK+ Xilinx FPGAS} 335 = <t
= Az=® A ol o] ks AREstd
Xilinx HWell st= Wt = 2525 FPGA BE
Aol A & 4 Qi) Petahnux SDK+ %7,;}
2 S Aldshe vdgs feEE v 23E 9
Bow FdH0o drt.[2]

PYNQ Z#d¥a+= ZYNQ 7I¥F FPGA HWE
2agetr] 9 g ol AdFHol~E 11]%‘
st Xilinx®] Y ZFHEFo|th. PYNQ gholH.e g
¢} API, Overlay, Python €199} Jupyter—-notebook

rﬁ o

2.1 TEAA A+F
A A}2%E FPGA HE9 ZZAA AFFL of
P =
(X 1] Z2AA AR

CPU | Cortex—A9 dual-core processor 650MHz

RAM | DDR3 512MB @ 1050Mbps

2.2 &9 AA

Petalinux SDK$} PYNQ Z 493 =5F BOOT
olulx] Ubuntu 18.04 LTS SHA A5 233}
ATt

2.3 99 ovx # A
[3% 2] 23} dlolg]

A | A58

dog 100%
bicycle | 99%
truck 92%

49 o]m A= YOLO E’_ﬂ‘./] X oA olr A=
Abg8tA T [4] 2S YOLO v3 Tiny 22 o] &3}

- 936 -



3.1 Petalinux SDK
[ 2] Petalinux SDK ©|®]#] A& A7+

Image capture time: seconds
Inference time: 0.203004 seconds
set_input_image time: O. 97 seconds
0.0004196 seconds
0.0001871 seconds

___DPU task time:
deal time:

Image display time: seconds

Petalinux SDKE AF&3st A3 Ay, ojn|A] A
?] F*7F2 Image capture time¥} set input image
timeS €3k °F 227.34ms7} AL FHYoew, HW A
A A 7HS HW task timed} deal times &3l oF
0.6lmse] ZAQ¥AT.  olnx]  FHg  F7HL2
5.18ms7} AQHo F SW A ARk ¢
232.52ms7F &8 HA FF G olmAE A
= dlol= oF 233.13ms7F 2251t}

3.2 PYNQ ZH 992

(29 3] PYNQ Z& ¢

d

Fl

J

o

=L olm A A ARt

HHHHH

PYNQ Z#HAHAE A& A9 A7, SW o]v|
A AAE L oF 0.24ms9 AP A7FE B o
w, HW 2F Aol A oF 0.59msé] 2] A fH&
AT SW A8 13+ oF 1.72ms7F 4859
F SW A AIZF2 oF 1.96ms7F AL FHUL}, 3k
o] olnXE AHglslh= "ol °oF 2.55ms7F A8Q

L=
3.3 Hla g¢F ¢ Ay
ZAF A 99 | oA A AZH[ms]
Petalinux A A 233.13
HW 0.61
SDK SW 932.52
PYNQ A 2.55
zz{H]o] [¢) HW 0.59
Sl SW 1.96
T ZYEe £ vn Ay, F ZYE 25 HW
719k At A E ok 0.5 ~ 0.6 msE FAMS £ &
Btk ey, SW AP Akl A o3 22 A
o] 7} UER T Petalinux SDKE 232.52ms, PYNQ

Ty dLa= 1.96ms®E, PYNQZ} Petalinux SDK
ok mlasl oF 99.16% ¢ we Hi=5 B3t
4. 22 9 nF
41 24 2 2
FOERE BT stEo] dat @EL FrAF A T

Petalinux SDK+= 943 o]n| x| FH]o] ¢F 227.34ms

7} 28 % Wb, PYNQ ZHd9a«e o8 A &

%3} Petalinux tH] ¢F 99.16% 34H A7 &%
A

= Xt} Petalinux SDKE dH|t)= A|2~® Ak
S Mt Ao =4S Fol oA A9 Ze
dolel +Hl @AM Algte] o ARu. whd,
PYNQ Z# 993+ FPGA HE AolA 2% 2o
2 ez s Agstnz o]y FH[9t A
AZHe A G5 A

4.2 A&

PYNQ Z# ¢

2o A Petalinux SDK tjH] w2
m, 53] dlolg FH] AlgF @S] glojA & AA
& 7tk ol#d Ay PYNQZF Xilink FPGA
7Rk Al 7H5: S8 X2 OoA ] 2 AEo]
g = %%% Aokshty, Tk 2 A= Xilinx
Eol| Zgkulo] glome FF o)A
£ SoC st=dofel el vt =
w9 £rE vud Jgav) vk

= =
£EE HS

9 olulA] A sk @& Al 7H
S

¥ 2 =2 AR AR gEitdusy
Fst Al AYS Fa e ICTHER =2
AE A&t

[1] Zhong, Juan, Zheng Liu, and Xi Chen.

"Transformer—-based models and hardware
acceleration analysis in autonomous driving: A
survey." arXiv preprint arXiv:2304.10891. 2023.
(2] B “H dd 94 s S A A
Adlolg ¢hare]F”. Tl AASEe = A2 A Ho et
- dekrlEieke, Ae, 2023.

[3] Allan, Douglas, et al. Software Defined Radio
with  Zyng Ultrascalet RFSoC. No. 1st.
Strathclyde Academic Media, 2023.

[4] Redmon, J. "You only look once: Unified,
real—-time object detection." Proceedings of the
IEEE conference on computer vision and pattern.

Las Vegas, NV, USA, 2016. pp. 779-788

- 937 -





