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@IElIE < IEEE

The 38t International Technical
Conference on Circuits/
Systems, Computers, and
Communications 2023 :

June 25(Sun)' 28(Wed), 2023
Grand Hyatt Jeju,

Republic of Korea

Welcome to ITC-CSCC 2023
The 38™ International Technical Conference on Circuits/
Systems, Computers, and Communications (ITC-CSCC) will be
held on June 25-28, 2023, at Grand Hyatt Jeju, Republic of Korea.

Topics
The conference is open to researchers from all regions of the world.
Participation from Asia Pacific region is particularly encouraged. Proposals

for special sessions are welcome. Papers with original works in all aspects -Radar /Remote Sensing
of Circuits/Systems, Computers and Communications are invited. Topics -IP Networks & QoS
include, but not limited to, the followings: - MIMO & Space-Time Codes
. - Ubiquitous Networks
+ Circuits & Systems - Multimedia Communications
- Semiconductor Devices & Technology - UWB - Mobile & Wireless Communications
- Computer Aided Design -Visual Communications
- Power Electronics & Circuits - Future Internet Architectures
- Intelligent Transportation Systems & Technology
- Analog Circuits PROCEEDINGS
- RF Circuits All registered participants are provided with conference proceedings.
- Linear / Nonlinear Systems Authors of the accepted papers are encouraged to submit full-length
- Modern Control manuscripts to IEIE Journal of Semiconductor Technology and Science,
- Medical Electronics & Circuits IEICE Transactions on Fundamentals of Electronics, Communications and
- Neural Networks Computer Sciences or ECTI Transactions on Computer and Information
-VLSI Design Technology. Papers passed through the standard editing procedures of the
- Verification & Testing IEIE JSTS, IEICE Transactions on Fundamentals or ECTI-CIT will be published
- Sensors & Related Circuits in regular issues. The authors (or their institute) are requested to pay the
« Computers publication charge when their paper is accepted.
- Artificial Intelligence SUBMISSION OF PAPERS

-Image Processing

- Biocomputing

- Internet Technology & Applications
- Computer Systems & Applications

Prospective authors are invited to submit original papers (1~6 pages)
of either MS Word or PDF format written in English. Paper submission
procedures are available at www.itc-cscc2023.org.

- Motion Analysis AUTHOR'S SCHEDULE

-Multimedia Service & Technology « Submission of Paper : March 31,2023

- C(E‘mpuéer Vision Technol - Notification of Acceptance : May 8, 2023

- Object Extraction & Technology « Submission of Final Paper : May 22, 2023

-Image Detection & Recognition

-Security . Hosted by

-Image Coding & Analysis The Institute of Electronics and Information Engineers (IEIE), Korea
- Watermarking

The Institute of Electronics, Information and Communication Engineers

- Metaverse ' (IEICE), Japan

-Natural Language Processing The Electrical Engineering/Electronics, Computer, Telecommunications
« Communications and Information Association (ECTI), Thailand

- Signal Processing .

- Antenna & Wave Propagation Contact Point

- Network Management & Design - E-mail : inter@theieie.org

- Optical Communications & Components « Phone : +82-2-553-0255(Ext. 4)

- Circuits & Components for Communications » www.itc-cscc2023.0rg.
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itKD 15 130.1 59.04

23

LIDAR 7|t 3AHH 24| 4= & 23et 7|e S8

e
lo
N
3

)

ﬁ

=4

L& o], =419 S Sk
31t} interchange transfer loss«= Al X @
H74 o]—EF_E 5o, SHAY Eé% TAF 5L
WA} e

&)
al m
i)

g 1o ek
=

I e
Am
N,
rLlo

Ml oo g

o,
o Mo
=
Y
P,L
o
o
l>
31_
_S‘_
o -
_\'19
H1
L

(0]
o g 2
o

)

N

-
Off

-|—‘

ﬁ/\ zu_q 7\]/&10 AHA‘]O]-EE. Ealo x%;f

t}, oo H3l], head attention losst= T2 3=
AE 7| 2R U E955 self-attention

Jo] WA} el shAl mdlo] 7R 9] x]of i
& et
DL 33y A AE mdlo] §.84C v]wslo]
2|4 3akd A e Hde] HlAukae) &
231 Hloly Al =] Waymo jitoll A 4=
aymo open dataset “o]c}. 574¢] g}
K5 2-8-5ko] ml=re] 100001 7Hef ol A oF
12009H412) A& Zetsh= 239hle) Ae E3tet
it gjo]E] Allo]tt, Waymo open dataset®] H7}
= mAPHE o] o] x|m 24| 9] zlairgkol thgh =2}
mAPe| 7FsAlE Fosto] Akst h(r)o] heading
accuracyoﬂ g 717 ALE P/R curves AkS)
S o, mAPHO| =42 thaf At

ol

(o3}
rﬂ

O

ot mo kU b Hm
4 g
P

30

of & =
=
o

=

o oN

[l
=

O ¥ oo ko

O
2

i

o
2 oo

100[ max (h(»)lr = r)dr.
0

G Dol Holi= Azt ol 4] F5 7|Ho] 2§
54 9 ATe] 37e] Z1¥le] 9w o] 81 v}
elueloh laleke a @ sic Wk, A4 E5 /e
2§35 welo] A9 2 At I kA 0w shefn)
E7} A A QlAkge] 22 2 BHlE 4 gl

V. Z&

H
iu}
oo
=
o
E
o
o



[10] Jianping Gou, Baosheng Yu, Stephen J. Maybank, Dacheng

= o
Tao, Knowledge distillation: A survey, IJCV 2021
[11] Geoffrey Hinton, Oriol Vinyals, Jeff Dean, Distilling the

= SRt A4 S5 7S Al e ik OME} =
A5 B4 A St o] el ofol A &
Pt o,
w2 a1of A Al wiel o] 3z A HE mdl Knowledge in a Neural Network, NIPS 2014 Deep Learning
AR SRt A4 S5 7199 At AR dAl = Workshop.
sl FAR7IA] AtE Y-S ael= 7]Hke] mEo) [12] Guobin Chen, Wongun Choi, Xiang Yu, Tony Han, and
S E 7S AIQK 7] ol TReFek gl 7|hke] it Manmohan Chandraker, Learning efficient object detection
o} fA5ol dasitt d2og A& 39 A483E ¢ models with knowledge distillation, NIPS 2017.
A= ALY A A nulo] AekslE Qo) 2|4 [13] Feng Zhang, Xiatian Zhu, and Mao Ye, Fast human pose
7|%Hol| ek FrEst A 2| go] astt) estimation, CVPR 2019
[14] Adriana Romeo, Nicolas Ballas, Samira Ebrahimi Kahou
23238 Antoine Chassang, Carlo Gatta, Yoshua Bengio, FitNets
Hints for Thin Deep Nets, ICLR 2015
[15] Sergey Zagoruyko, Nikos Komodakis, Paying More Attention
Improving the Performance of Convolutional

[1] Charles R. Qi, Hao Su, Kaichun Mo, Leonidas J. Guibas
Deep Learning on Point Sets for 3D Classification
to Attention:
Neural Networks via Attention Transer, ICLR 2017
[16] Jangho Kim, SeongUk Park, Nojun Kwak, Paraphrasing
Complex Network: Network Compression via Factor

PointNet:
and Segmentation, CVPR 2017
[2] Shaosuai Shi, Xiaogang Wang, Hongsheng Li, PointRCNN: 3D
Object Proporsal Generation and Detection from Point Cloud
i Transfer, NeurlPS 2018
[17] Zhen Huang, Xu Shen, Jun Xing, Tongliang Liu, Xinmei Tian
Hougiang Li, Bing Deng, Jiangiang Huang, Xian—Sheng

Hua, Revisiting Knowledge Distillation: An Inheritance and

CVPR 2019,
[3] Zetong Yang, Yanan Sun, Shu Liu, Jiaya Jia, 3DSSD: Point—
based 3D Single Stage Object Detector, CVPR 2020.
[4] Yin Zhou, Oncel Tuzel, VoxelNet: End—to—End Leaming for
Point Cloud Based 3D Object Detection, CVPR 2018. ,
, i Exploration Framework, CVPR 2021
[18] Wonpyo Park, Dongju Kim, Yan Lu, and Minsu Cho
Relational knowledge distillation, CVPR 2019,
[19] Yonglong Tian, Dilip Krishnan, Phillip Isola, Contrastive

[5] Alex H. Lang, Sourabh Vora, Holger Caesar, Lubing Zhou

Reperesnetation Distillation, ICLR 2020

Jiong Yang, Oscar Beijbom, PointPillars: Fast Encoders for
[20] Linfeng Zhang, Yukang Shi, Kaisheng Ma, Chenglong Bao,

Object Detection from Point Clouds, CVPR 2019,

[6] Tianwei Yin, Xingyi Zhou, Philipp Krahenbuhl, Center—based
Task—Oriented Feature Distillation, NeurlPS 2020

3D Object Detection and Tracking, CVPR 2021
[7] Shaoshuai Shi, Zhe Wang, Jianping Shi, Xiaogang Wang
Hongsheng Li, From Points to Parts: 3D Object Detection from —Ori
i [21] Yue Wang, Alireza Fathi, Jiajun Wu, Thomas Funkhouser,
and Justin Solomon, Multi—frame to single—frame: Knowlege

Point Cloud with Part—aware and Part—aggregation Network,
distillation for 3D object detection, ECCV 2020 workshop.

T-PAMI 2020.

[8] Shaoshuai Shi, Chaoxu Guo, Li Jiang, Zhe Wang, Jianping istillati
Shi, Xiaogang Wang, Hongsheng Li, PV—=RCNN: Point—voxel [22] Yue Wang, Justin Solomon, ObjectDGCNN: 3D Object
feature set abstraction for 3D object detection, CVPR 2020. Detection using Dynamic Graphs, NeurlPS 2022,
[9] Chenhang He, Zeng Hui, Jiangiang Huang, Xiansheng Hua [23] Yu Hong, Hang Dai, Yong Ding, Cross—Modality Knowledge

Distillation Network for Monocular 3D Object Detection, ECCV

Lei Zhang, SA-SSD: Structure Aware Single—stage 3D Object
24

2022,

Detection form Point Cloud, CVPR 2020,

170 _The Magazine of the IEIE



> b b AETHS 2[5 LIDAR 7|2t 3742 2

[24] Wu Zheng, Mingxuan Hong, Li Jiang, Chi-Wing Fu, Boosting
3D Object Detection by Simulating Multimodality on Point
Clouds, CVPR 2022,

[25] Jihan Yang, Shaoshuai Shi, Runyu Ding, Zhe Wang, Xiaojuan
Qi, Towards Efficient 3D Object Detection with Knowledge
Distillation, NeurlPS 2023,

[26] Hyeon Cho, Junyong Choi, Geonwoo Baek, Wonjun Hwang,
itkD: Interchange Transfer—based Knowledge Distillation for
3D Object Detection, arXiv:2205.15531, 2022.

[27] Pei Sun, Henrik Kretzschmar, Xerxes Dotiwalla, Aurelien
Chouard, Vijaysai Patnaik, Paul Tsui, James Guo, Yin Zhou,
Yuning Chai, Benjamin Caine, Vijay Vasudevan, Wei Han,
Jiguan Ngiam, Hang Zhao, Aleksei Timofeev, Scott Ettinger,
Maxim Krivokon, Amy Gao, Aditya Joshi, Sheng Zhao,
Shuyang Cheng, Yu Zhang, Jonathon Shlens, Zhifeng Chen,

Dragomir Anguelov, Scalability in Perception for Autonomous

Driving: Waymo Open Dataset, CVPR 2020,

25

ﬁ
I
p=)
ox!
on
_@
N~
>
ol
03t
®
o
[
e

- 2018 |9 2 4 ofrfetil L E ool oA

A 2ok

Computer Vision, Pattern Recognition, Knowledge
Distillation, Representation Learning, Self—Supervised
Learning, Deep Learning, Point Cloud—based 3D
Object Detection

ofor
rie
M

+19994¢ 2% _TLE%EHQ—J’JT_ @7]311]_%1_—51]__1—?_ 6_1/\]_
« 20019 2% et @7]1{1}:&';]_5 At
+ 2016\ 2% F=}a}7|e 9 (KAIST) A7) 9455t

AL
< 20019 39 ~ 2016\ 89 AHAR 874
A
+ 20169 99 ~ 20204 8¢ ofFHishal ALE g ofst}
Zas

+ 20204 9 ~ @A ofFrrljhal AL EYofsln) Hilgs
+ 202248 99 ~ 20234 8% o] AT Lab AH=$1¢

G o)
Computer Vision, Pattern Recognition, Knowledge
Distillation, Representation Learning, Self—Supervised
Learning, Domain Adaptation, Deep Learning

HAEstax| 2023 3 171



©2@0080

IT 7l&9] a2 AAdAIRE tS ZrolAl et e A&
FAZE A TR d A BETR= HAAE WAL o), HuekE
AWle, Al 71, 2R)AL e As7Ied v -2l g dotbA
ofsistal 7hy At FEjE 2Aoleks AuAE AlRE ¢ = A

2,

Apgrao] MABHE AEES B S o)A mop A 4 9l 7]
SR FEuHett U e lRvt e Atolehs o)A Hollb H7]
off LS| 7h8 A9lo] Solubl ik gk ALS 98k 2897 5 A
8 TR Qla] HHleks WEATLE 71408 2 4 oA WL,
Sl 24 EAE QPASHE Plo] Bolrhe mEu §5o] Al
o, chA] Wb B0 o, AR ool Solrke BE Alo]
Yobel Aotk Folug 1 uhttiaks AT 4 S v
=it

of whitol, T, o], ofukE SO} wlHA 7|gle e A
HlZs Hob ARG S Folan, dujeiol, Qlgl 5L vHER|, CPU,
GPU 714212 uhgro.m ghdat Al 2ol 485 SHES A3t
ik, AmEglo] ofepo] RETF /12 S YAE) 4
E9lo] AEtEQIS Q1451 719 2 AIFE Bor] Fud e
ol 3L I}, 2 AN AT ARE nle 4
% S gelsta A4S U] Slat 42 AAE Hekst
on], A AFgF 28 A7 29, ] Sk 5 chiwos b

& 7ol 3l

[0

o

AR
Aelcheta

¥

1 7 2 _The Magazine of the IEIE 26



AEFRE G| sl A F JEE A output) S AETSIAL ©1E F8 inpute] whE A
Hropgolal eksto] AAtef AeAE 2Fske del i jARE g ATl FAsHES S5A7= SOl
o I AZEY o/} A thAlS 4= Qlofob 7tk WA= B15] - inputihe AlSkaL, 1 HlolE
of, ol Al WAl (state machine)o] FE|= 54 Atelo] EAS= 2u|ut inpute]l W sfAHS EA]
2000 gz Bed RLE O YFsA| FoRM o] g obA HIes Sz Flolrt, uielie] - gy
5 SAskE AL Ytk dlE S0, T FU A Ale Y A Als(agent)E FOIstL, agent7} ofd
TUAE HWSHA QAL SIREA 2Rl whet s, g (state)oll A oW B (action)& FSIH ofH HASS
LEHAN A A7 AROR JolEH A4S F FeAE st 54 Al ke s st

8 el WolFA Siekets Ao 2w WES HY  ES s W Rolth
= o SHe dolot B o]F ZolA ARFH ABASS FE FHNGS B

ol o s QA B, ol7lells 27 87b4 olg7t
Aol BN Qlek: 1) A8 Aol EAfsh Bl w9

A A Ag-E = gl e ARERE SRt of k= 7P Aue: Aol FEbAl7] izl inputel

484 L

ST A2 Q1A /1 S 1S TAS R & 1 5 outpure] Y Yo} oI, o
oES 4 Gl HEE ATSGL. AFALS W@ E Hol, Fulo] Ak Gt MM ERE 2T o) 7
el At o i BE YUE GEAQ A URE TR Skoh 2 WOl ol 0% 3
AR AT e 5 gl 2EEGololh o]F o9 71 e A5R LS Gepln, Fe
AT A8 S, FRE G BRE FAE AL G ERek ol ARAS Sl G, B4

Z] 7]‘%‘*;*1E %%*O@OWE AR e die 7 & EEal kAol wheba i TP AR ARsake) £
e, o] getiict, 2) A Al A states 1 2

M 2 TelEE SellA geskar oef wh intput/output
Awets, BAESky, detelge] AR EREn ofG HlolHE EHlehlole vy W vge] Ak
CLED. Arekse] 4 ol dofe(nput)et “L s o, olE 5o, AkeAke] &, 94, WA, 2., £ 4

Supervised Learning Unsuperwsed Learning ' Reinforcement Learmng

Classification Association Trial-and-Error

GO S
CIuste;oi::. ? g*

CapAe s

G 1) X=stE, HIX|=stg, deets

27 Mxi=sts|x| 20233173



Control

-

RGB(D)-Camera Object Detection

LIDAR
RADAR

Lane Detection

Semantic
Segmentation

Ultrasonic HD MAPS

Sensor Fusion
Behavior Prediction

Object Map

Path & Motion

Planning Velocity Profile

Trajectory Steering

Optimization Acceleration

Driving Policy

Braking

_ Decision Making & Planning —

[(OF 2] XA2FdS Ddsly| floh »alsof sk=

L Ea A el T A Ae] 32 g

1o
rE 1o
=~
i

ML W ThE lolTL o] E 790] 55 BhA]7)
7] ¢l BlolEE sk A 25T Aol 3) 1
ol Bt A8 BB wEF BHS A
dfat ofalistela deefsof Sl AU Gl A4S 7]
BRo R H20] slhe Fol 7wk theet 4 Ylofol

o

o]
Ji‘r. i}%ol W= ZMLEE% %‘ﬂﬂ oAElete, Wit

O

oFsl actionS FefH WA T =0 HARS HES 4= 9l
WS Zroplict, ofuf SEof stater agent’} 28]
ofafieh 4= glrt, mhx] Algho] 2pAl o] Aol thsff M=
H. QUX|B}A] Jrab= Aat 2, th4l, agenti=
Chet actionsr Falhe o= i, 1o w2 diks
sh HiE 4= Qlok, ofegt = trial/errors Fl At
o T hefek Al A 24| AutE

£ W LS WSl Hid] el ofF 4

B(policy)ehil H2r}, o= nhx] 4=dzke] AT Fa
20 SR} 4 Eetolulz) Hol7ks w2,

A7} state A7} agent7F €8] ofsfid 4= (llE
Aol o] thoFsh AleE Eaf thREC] stateo]

[elre)]

174 The Magazine of the IEIE

5EHA| task

A 7P 2A el AE W= policy S ShEskd7]of, i
Tolal AR 2ol e rete of e e oGS HiE
o2 JE5% Fs 3 ",

& oA AT dadt
opelz o of Al o] FofAaL gl
7101 e},

rlr _@
) 01?‘_,
ot

o

[V

|

S

ol

I. R332 522 A8Xs2 HE

Ao a7 59A|9 it (task) S
I -ir = REaar| A=, = 3k
Q& eoleh, ARFHYS 2

RAEo] Zefg)

1o
ofr
=
Ir
Y
ol
©

;o
=
o

11

>

>

;

ne

2

o

é

o rﬂ

o

0 X0
Ir
=y}
[®)

ﬂﬁ

[

e UH7HxﬂE %

1ol K

%)= GPS—GNSS, x}

IMU -5-°] QJtt,
A SA= QA SAR, Aol HlolHE A 2fs)
TH S Aoatr] 15k S T2 dlolEE A

ood mu >
n
to
ol
)
rr
I
o)
o
]
iz}
>
)
©

i
4>
rz
:?l:
Y
ol 2
1

o

(o]
N

=
hls =
o] ¥4 HolglE e 5 9l

Oﬁ

Aahs gilolt, ofi= ol o] 912 | AHo) A}w

o}, e Ao Ale), A T, FA B, 4

A, 35 AT A 5] wAo] £ rhAo]A HOﬁ
28



. l N
=
State Action Reward
Pose
. Steering Steering
Velocity ) 3
Acceleration Acceleration
Obstacles R .
; Braking Braking
Lane Location . . . .
. Discreat/Continous Discreat/Continous
Traffic law

(23 3] X2

AE A2siA o) F

H, 7l o
= A HAR e o e FEIF Aekelal vl
oh EQH Q1A Aol A9 Aol Hesial ek
= o1 TAlE A o Aotelal el alE o= 9
o}

Al A Sl 2d GAR, A EAE S de T

ZFHolEE ot AT Ao A stateE
ootz T, Ak 7o' duht Zhtolof| o
2 A=0] A[saL, iR of B A Aol ko,
HO T HIkETIAe] A7} °1td7ﬂ b s R
St A= o BA H=AE B FAACR desto]
states HJs}A| Ht,

vl A oA

*5“47<H states 7

5712 ‘:}74] % A8k 3742] wA 2l
Aol 74 37 o]} (scene understanding)S 245}
7] f1et ©Aloltt, o]F wAlol QlFAlsol =E o

= TR 7129 vision HjAAA AtEE 7HE0

71—x]

29

9 state, action, reward

AL, ofie] FEA P 9GS

segmentamon e object detection

= A o] A9 o= | o] 7k 24 g Y A=
SlE Aol 4=8)5tA stof F=53k Hlofy, A5 e] H|o]
|, ohoret St SolAE YA o ® HaEE =35t

578¢] ‘%74] 5 UHP 3‘474] ®3
9 78] (decision making & planning)
= G5 ¢ ’51 oA ]—E'a i :Loﬂfﬂ o AT

action, reward

Aol Ag== AL SRl olEo &
A5 38 22 21435} (controller optimization), 5=
) Az 1 AZ 243} (path trajectory and planning

=

optimization), 53 A2 (motion planning), %A} A

O A=H
5o Sy

% (decision making)
1. X503} 723ks

1. MEH(state) &= (action), EAKreward)
=30l ke A8 ) 7 A dfof al=
2l state, action, rewardS ZHIE A A 2)sk= Zlo|th

HxB3eix 2023 3175



‘ 00O »r»r»rzad

5A1717] el

g states &3l A
9—]’5}3, i}%tol %‘4@ T Q= '@H%‘T action space ¢t
=1 9=

2 ac
rewardé o0 6 2 WEL 4 A ok

of
ol
il
1o

o, = Bofshz AL 4
& o] ofut}, StateE oAl FolHH, dAA A
& 4 Qs AHA A 2 glo] WAIR TS el oo
a7t Jgs sh= AEE 5 Aol AUA] o=

187] wlitol| stateS FFof QlojA BE AHE o]
L3lo] AoJslr|Hf= 2Fe=d) QAFEAS Ye= o)
o Past ARLS 28 stateE Aooh= 7o) &2 7

olct, sANE ofH AW} FATAE = AL «
TR AR o] 7] wfiZel] A St AvE 7 L
7% sk, Algho] AZRE wf = asirhal AT
E7E Tt R He A9 W ol actiond}
goft Wi mhkrpAjolet, wistof], W2 A}
78 AEolAe ol SHEA AYskz Aol o
& W A7 At P

States g olst= dlel %_“?JE,QE ARG R 2t
F2 9121 (position), ¥FEHRLIL Q= W3 (heading), A
o] £ (velocity of ego—vehicle), AFFORHE &
g Al Wol| &Ast= FolEE2] AE (state of the
obstacles around the ego—vehicle), A=Fo| £ w7t
Woll Al ZAJek= A& (occupancy grid)olth, Ftolli=
ALk R AlARO] g s E 0] AFeiel Wk (road
condition & shape), ZH412] ¢2] (lane location), &*
2 2 (road structure), S=7HA] A= A7 (time—
to—collision), =2 u% Wte} FA T ¢14] (traffic
o= stateE A OJsl= vlof AL

reward=

law & sign recognition)
=

Action space™ A&
46} ake) o7, Xi

W Aol THs T WEES 4
& (&2 85%101 F=)ollA] action
=l 24w 7oL Bglo]a
% X,jl:._’ 71019] @hq{ Cg olgat ¥ sl
‘ action spaces 49
oefRl Hite

T

T
|t
1o

)
Hul
i
c+m
:.:; O

/)
o gl 9 e

17 6 _The Magazine of the IEIE

£ WF7) Sl o8 31 42304 action spaces
osh= wro] Ql=dl, WE9] Zte, 7H; Hidt Blo]
A g2 A 55 9] Hrot R Fileto
#sP|w g MY B S w2y) 98k E ok by
2 &rY VMRS AGH AR Rdshs g4l Al
H olil AlE g Fdsk= Zlolt), & 59, g HARt
o §ig = o= 7R E B4 pho s nsitEst A
I TG Qe AR 7PgsitETL ok W Eeltt
g 7Hx] 7hgo] L ashr|ut, o]k HHS- glolE|Yf, 5
SAIE & FeulstA dorst 4= Ql7lol Ak AREE

YAl =0tk OFEﬂ °lE

A W] e S

7|REe 2 A A S s } | =W o] o] Y wizt

B x| a1 o] olal| k<4 Aulr} Es}7| FlSol k= A

ot lfﬂﬂi action 7\} AE o _,Jkﬂo}oq [ 2pA0.
©

A7)
Qzoa FHsly] oEZo F|A

2~ 0 5]
He Al

F

==

O

. O
o
~N
jg
mi
flo

A
o
E;T
rﬂ
©
Q
=2
)
o
>
oo

Ol
Ol
2
L

She PSS BehA aTssc

N
2
Mo
N
o2t

Wi
el
ot
s
g
L
)

|
~
)

H
Ly

ofr
ol
N
40
s
ol
i)

lo

N,
°
_

R

1z

trajectory

>
= o
n =
o
i
N
=3
lo
il
{Ttad
N
o

of

Hﬁg[ﬁf—f

R

~ m[o
¢
i
N
40
o
o)
rlr
N
o
N
oy =
_>|i'
ot U
AN B
rE
r |
o,
=2

4
k)
o
o
>
o
N
o
o
ol
N rlo
N
o 2 o
fEood @S

s
)
)
i
O
I
N
lo T

2
2
=
S
=2
e e e
©
Ol-m x0, 4

=

B
B
aF
o
e
of
ol

o
il
o
I
i

Kl
L

2 oy
b

BTSN

éﬁ
LN w2
o2

5h= Aolt}, Sallabi} 19| ¢ltale-
" Deep Q—Network (DQN)ZF Deep Deterministic
Actor Critic (DDAC) & gsto] 71ge] 2ol
A g2E 2 g 7}/&}4 x}gToﬂ 2FS sH5AF
| ojSo] S| e BT S e
outE 7 sk 2L gRlskelrt, Kendally} 712] ¢
AL B B o) ol A full-sized &S 2}

K

30



2kol| 3l actor—critic 7]9He] 73S 49, FAlo]
A 250m o sl E2E AL uel &8ss A

ofl A4t

Xe] A2 SR T Al 9l o 4
A St @7 ARSI, Wangst 9] QAL
" deep Q-learning L12|ES o|&, oAk %3k 3
AHE A WS HRHeR Sast A A

& WEE Hlofl AdEsit. Naveedfl‘r 194 ‘H?LZJ%

%x}g B B A
zﬁoﬂm x}at 2] 40 Wash1f o

{1k

)
Ay 4>
rlO O?vl{ Ogl:. ;O

o, Fi?i
HU
SH
]11
v
_\ﬂ
2
_QJ
_E
Z
0Q
=3
i/
[

1o
2
-+
)

X9} j2] Afole]

AR
o states 443}1 o

it —[N
e

N
(L
lo
L
o
e
N
o

o o
ox
Ol

| mlo

o
)
ofr
11]
o
2
2,
ofi
T
=
rE
lo
bl

e
o

2
2
2

1;4 2 4
20 o2
)

oo
Ol
o

2 Q—learning S ©|

AurAel A4 £R} oby,
oF wcho] Jagh mRof|A o) AlaFae AE ]l
W Tsele®} 19| Al AlE7L gl wARRO|A o)
2 a5l ofa) sleiA e AE71A Tl ksl
A Fae 4 Qe g ATASL Aai @,
Kamrani} 194 AF4-E- risk—aware deep Q network
2 olgslo] 4157} gl AR e Aesol ol

Py

PhE Qbsl a4 ol AHBE QB A

U
jg
my
S

T
)

=

shoick

A T S Sl ARelmelEat Ao o
Falo] o] A PR BAAAAY g A3
3 ARE Holhis gAY, A WS P 5
% 2ehole Tefe 2 A A% Y 5 sl )
2 29 S SaH L gt

gHolx] BAX ) mes)

517
A4S HolAH ) Artelo] thalA FEg A7E

o
s
2
N
2
®
N
N
oL
rE
o
off
:Oé‘
o
i)
i

N
o
N

| O%

)
olr
rlo

i

E

i,

4

)

R

N

)

H1

gt

ol

N

N
i g

_>|i
O ol o
rir & ol

1o
Nv

il
tot
i=)

ol

ol
N
olrt
Am
o
I
a2
e
filo
fio
Jad
I,
[
)

2

Do o ot ool

[} mlo
do i
\:i
01
v
i)
o
2
o®
A
oZi
_l
JZi
=
12
ofy
ol
2k
=
i
re
Wi
2

_>.i
_|>i
N
3
Mo
29
ol
Ir
N
el
o o
~
[
do
N
o

|

i
©

P
o
N
2 "
N
A

27 L}EMHIH ), ol 915
#9] ZJgpolut WegRigoA oSk o

oM BARS F 5 U1, gl

i
o
1
oo

hyE

ol
oo
rlr

X

S5 e el A4 g, 240 A8

w A2 SRR ieni A
2 alA71E Aol oS

ol S Hlolel 44 7} sk o

mu = *E}%l

7}4 =

A

il

2

ﬁ

[e]

=
dJ] [¢)
H

=
H
T

reinforcement learnmg S A A APQZ}A =3 1
o|E| R SAES ot H5AIE WYL ol gl
#H s 2eflS AT, Zhuet o] o
o 4rf] At o Qe A SAAe] 23 o

e

O]HE deep deterministic policy gradient &il2]&52
o]-8-5o] o5, AA| AFere] 3 ABtE WSl b
gl Aeke AN )

4, Ngalo|M Bt
£|A3}
fisine] Zalsee A

L ] e o [P B <= e L R e L i

>
o
b
H

19



o)
o
o
=g
T

IS &3l oF5ohe g olA Awshalel A
wit AlZto] A8.¥7] wiZoltt, SRR AA| &g U
o2 AlEdold oA Bkge] o] Folxind, A
Al 2ol o5 283 o S8rEA AgokA] AL, AL
a7F dofd BHEo] ok Zlofr, el WH A4

< AlEdlold 2t A4 Afolo AtolE Aokt

e aiesle] ehgehe WS Sdl o ASAlT
o] AA| ol F FAEH WHE AAEHH
Zhang¥} Z19] e AlEdlol s o dAUAE vh=
< W HiAlL @A HolHE 7 AleeolAd skl
A e Ths e FejR sk sk ma] et T
57ke] zte| = Qlsf A7 e Al dHAlE Eutelal
2} shget
V. ZE

A Aopekad AT s AsS eI B
HoR g FEUAL Qe VlmelH, Als o] &1t
E pEe ARl M2 AIE siEsh ] sl v
gF AlEE A3kl Sl ool HIE -7 Al
AP AL A F=Riolehs HiolEE 7] Al Aol
2| amry 2 wopollof Aetelgor olsE et A}
7Y A Aol AEeHA] et Allle 79 (i,
SHAIRE QIE Al s iAlshr] iRt Azt HAIAIA ]l 5
AlQLEIE7E, T8 Sevh 3] weh WA Al
ol gt omle] 2aF=3 AEAlsol sHste] -2
o] Qol| AlFL 2 ST Aem A

SgnEoyol

[1] Barabas, I, Todorut, A., Cordos, N., & Molea, A. (2017,

October). Current challenges in autonomous driving. In IOP

conference series: materials science and engineering (Vol.
252, No. 1, p. 012096). IOP Publishing.

[2] Kiran, B. R, Sobh, ., Talpaert, V., Mannion, P., Al Sallab, A. A.,

Yogamani, S., & Pérez, P. (2021). Deep reinforcement learning

178 _The Magazine of the IEIE

for autonomous driving: A survey. IEEE Transactions on
Intelligent Transportation Systems, 23(6), 4909—4926,

[3] Siam, M., Elkerdawy, S., Jagersand, M., & Yogamani, S. (2017,
October). Deep semantic segmentation for automated driving:
Taxonomy, roadmap and challenges. In 2017 IEEE 20th
international conference on intelligent transportation systems
(ITSC) (pp. 1-8). IEEE.

[4]Wu, B., landola, F., Jin, P, H., & Keutzer, K. (2017).
Squeezedet: Unified, small, low power fully convolutional
neural networks for real-time object detection for autonomous
driving. In Proceedings of the IEEE conference on computer
vision and pattern recognition workshops (pp. 129—137).

[5] Poibrenski, A., Klusch, M., Vozniak, I, & Miiller, C. (2021),
Multimodal multi—pedestrian path prediction for autonomous
cars. ACM SIGAPP Applied Computing Review, 20(4), 5-17.

[6] Petrovskaya, A., & Thrun, S. (2009). Model based vehicle
detection and tracking for autonomous urban driving.
Autonomous Robots, 26(2—-3), 123—139,

[7] Kumar, V. R, Milz, S., Wit,, C., Simon, M., Amende, K., Petzold,
J., ... & Pech, T. (2018, November). Monocular fisheye camera
depth estimation using sparse lidar supervision. In 2018 21st
International Conference on Intelligent Transportation Systems
(ITSC) (pp. 2853-2858). IEEE.

[8] Leurent, E. (2018). A survey of state—action representations for
autonomous driving.

[9] Sadigh, D., Sastry, S., Seshia, S. A, & Dragan, A. D. (2016,
June). Planning for autonomous cars that leverage effects on
human actions. In Robotics: Science and systems (Vol. 2, pp.
1-9).

[10] Chen, Y. F., Everett, M., Liu, M., & How, J. P. (2017,
September). Socially aware motion planning with deep
reinforcement learning. In 2017 IEEE/RSJ International
Conference on Inteligent Robots and Systems (IROS) (pp.
1343-1350). IEEE.

[11]Song, W., Xiong, G., & Chen, H. (2016). Intention—aware
autonomous driving decision—making in an uncontrolled

intersection. Mathematical Problems in Engineering.

32



[12] Mukadam, M., Cosgun, A., Nakhaei, A., & Fujimura, K.
(2017). Tactical decision making for lane changing with deep
reinforcement learning.

[13] Galceran, E., Cunningham, A. G., Eustice, R. M., & Olson, E.
(2015, July). Multipolicy Decision—Making for Autonomous
Driving via Changepoint—based Behavior Prediction. In
Robotics: Science and Systems (Vol. 1, No. 2, p. 6).

[14] Sallab, A. E., Abdou, M., Perot, E., & Yogamani, S. (2016).
End—to—end deep reinforcement learning for lane keeping
assist, arXiv preprint arXiv:1612.04340.

[15] Kendall, A, Hawke, J., Janz, D., Mazur, P., Reda, D., Allen, J.
M. ... & Shah, A. (2019, May). Learning to drive in a day. In
2019 International Conference on Robotics and Automation
(ICRA) (pp. 8248-8254). IEEE.

[16] Wang, P., Chan, C. Y., & de La Fortelle, A. (2018, June).
A reinforcement learming based approach for automated
lane change maneuvers. In 2018 IEEE Intelligent Vehicles
Symposium (V) (pp. 1379-1384). IEEE.

[17] Naveed, K. B., Qiao, Z, & Dolan, J. M. (2021, September),
Trajectory planning for autonomous vehicles using
hierarchical reinforcement learning. In 2021 IEEE International
Intelligent Transportation Systems Conference (ITSC) (pp.
601-606). IEEE.

[18] Ngai, D. C. K., & Yung, N. H. C. (2011). A multiple—
goal reinforcement learning method for complex vehicle
overtaking maneuvers. IEEE Transactions on Intelligent
Transportation Systems, 12(2), 509-522.

[19]14, S., Shu, K, Chen, C., & Cao, D. (2021). Planning and
decision—making for connected autonomous vehicles at
road intersections: A review. Chinese Journal of Mechanical
Engineering, 34(1), 1—18.

[20] Isele, D., Rahimi, R., Cosgun, A., Subramanian, K., &
Fujimura, K. (2018, May). Navigating occluded intersections
with autonomous vehicles using deep reinforcement learning.
In 2018 IEEE international conference on robotics and
automation (ICRA) (pp. 2034-2039). IEEE.

[21] Kamran, D., Lopez, C. F., Lauer, M., & Stiler, C. (2020,

33

October). Risk—aware high—level decisions for automated
driving at occluded intersections with reinforcement learning.
In 2020 IEEE Intelligent Vehicles Symposium (IV) (pp. 1205—
1212). IEEE.

[22] Keselman, A., Ten, S., Ghazali, A., & Jubeh, M. (2018).
Reinforcement learning with a* and a deep heuristic. arXiv
preprint arxiv:1811.07745

[23] Hang, P., Lv, C., Huang, C., Cai, J., Hu, Z., & Xing, Y.
(2020). An integrated framework of decision making and
motion planning for autonomous vehicles considering social
behaviors, IEEE transactions on vehicular technology, 69(12),
14458—14469,

[24] Pomerleau, D. A, (1988). Alvinn: An autonomous land
vehicle in a neural network, Advances in neural information
processing systems, 1.

[25] Kuderer, M., Gulati, S., & Burgard, W. (2015, May). Learning
driving styles for autonomous vehicles from demonstration.
In 2015 |EEE international conference on robotics and
automation (ICRA) (pp. 2641-2646). IEEE.

[26] Zhu, M., Wang, X., & Wang, Y. (2018). Human-—like
autonomous car—following model with deep reinforcement
learning. Transportation research part C: emerging
technologies, 97, 348-368.

[27] Bewley, A, Rigley, J., Liu, Y., Hawke, J., Shen, R, Lam, V. D,
& Kendall, A. (2019, May). Learning to drive from simulation
without real world labels. In 2019 International conference on
robotics and automation (ICRA) (pp. 4818-4824), IEEE.

[28] Zhang, J., Tai, L., Yun, P., Xiong, Y., Liu, M., Boedecker,
J., & Burgard, W. (2019). Vr—goggles for robots: Real-to—
sim domain adaptation for visual control. IEEE Robotics and

Automation Letters, 4(2), 1148—1155,

mxtZetsix| 20233 179



ogk
i8¢}

20184 9% ~ 20194 8% AT A At AlE
At
< 201949 9% ~ 20204 2% et AZEY o]

G Eob

Computer Graphics, Reinforcement Learning, Digital
Human, Holography, Human—computer Interaction,
Extended Reality

1 80 _The Magazine of the IEIE



Fay
Zelehata

35

5%

L o
1o 4
SO )
1B AN
3»

=

_I

=
0
A
o

©00080

Bo17] 919 20 42 Slstn 4ol o mgo& e 9]
[e])

jE =
R = EP Fet ﬁ‘%’i"ﬂﬁ Fgstal Aet

hs

dor olet % A, dor et
]_

iAo FEE HolEe] A4 el
of b}, dlo]E Ao Skt s Hole]

Ag 7HkoR 54 <l

Ak *J*H <], ElolE]

2
olele] el Fo| wre vlg-S Zelste] 4

et whebd] 24 ool At W sek KITTI

ion Benchmark Suite !, nuScenes ' 4 Waymo open ¥ go]¥]

Mk e 02 s volEulo] A ALY A T Aol 4 42
951 S A Soleel X, ) S 2 A
ekt g dlolat 917 guet 2o 7let vt gole g 2 4

itk ol s

s
47 %

gt el Ale] gt A dlols 2 HlE-

MxZsts|x 2023.3 - 181



‘ OO0 O »r»r»rzguzgsy
(& 1) K25 st A Hlw
7 (2t 2to|ct glol
H|I2 Low High Medium
37| Medium Medium—Large Small-medium
PAyN == Low Medium High
ELR:ES Low Medium High
A Low High High
SHAE High High Medium
H Medium—long Long short, med, long

A, AgZ Aol AHgEE suleh

1 82 The Magazine of the IEIE

EFT o]
e |l -85tk 7 of o)yl
SaE

ol 45 7
itk o] elof oz ¢l
28] 25 Aot m ozﬂoﬂ

SHARE Zhehs = st ] Bl HIALR oju] |7} YA 5]
o5 =] A % I3

7] ol elo] gl vl At Ao A% 11l
1= 7o) ofgitt, Eak BA|0] SAo] HEat 48 3D A4

= A7) oyt

Sholck ZHAIA dhAle] ol S AFgst] uhol
ol thgh FoFE WA b=t dholvt AlA= Time—
of —flight(TOF) WAl3} Phase—shift W4 o2 LRk
= Qlth, TOF A2 W=l o] A7} A oA

1 & F5okew dl A AR SATe=M AYE
ZA51= Zlo|t}, Phase—shift WAl A48 07 o]
A Rl skl Hlo] wAoflA] BhARE & wlo) o1 ¥
olF Aotz WA o AFiitt T 7HA|9] W e et
ot} MAE Foff AFF =1 2goll gt 3D *2IE &
= W S5 4= Sl sHARE gfojth Fa ) AR
A Aol ol Fhuf|e} AlAjof Hlsl AfthAlo®
7}2j0] et

glold= HukE ol&sf AelE 4T dlolH AlA
= cfolet AlA Hju] 7FAo] AEstarL oY, H], =t 2

& opdT 2AME 20| Hssiet, sHu Aot
S0l Az dolrhirt tha Wol e}

o] 9ol A 27 AX(IMU), GPS 59| MAE &
slAl AR} 917 A dlolelE Slat), w24 &
A AR Aolzisinize) £ito Ao S
715 W W HolElE Al Eai, MU GPSe] 9.5

Helsk 4= glom 25Fo] 1%, AjeFe] =3 W), 7**}
o} 7o v s myE sl Auskl® gps Al
A& BolAe G 241 IAIGlo] ARFe] A HHE
FAT 4= ok GE Dol eI 4= Slzo] 7} AlM&
W= ARgato] ARl AhS Hekst autdow 2
ohah o Aokt Al 9] JHE =T = 9k (L
RS

2. HlOJEWAN T4 A| TafE
gl §I5F dlolEAe T4 1 5o Foop
3 9 7hA) 9 e Akl EAf

36



EFg oM eTE HsE AR O SE @ Q@@

(H 2) KITTI, Nuscenes, Waymo open H|0|E{AIl ATl H|m

THolt 744 letspgs | cports | miger | AR | HOES I
KITT] Stereg é“;iHs)heye 1408 x 376 v (194) v 15€ 6.4
Nuscene v (671) 1600 X 900 v (174) y 40K 15
Stereo
Waymo ‘gg f)) 1920 X 1280 v 57H) 230K 55

3k, T‘i‘i ?}78‘, A}o
S oA aLesiof it

HOIE ME Al

e gols FE:

Aol i,

Glolg| Hot & I FH

r{r 4y rlr 2

ﬂs}: o] ARl Ao ure}
F) Haflel o ol 1)

Fi;‘

>{fﬂ

1—_‘1\

J;

N

3 E

-|-‘ _>|;lt

2 HI
O
_r,
k=l

o
ol
=
o)

I A B4 50
shp ol As mEl L
TensorFlow % PyTorch®} &

ol A HA Har A
tole
—hﬂ—z_ H-——Oﬂ = ke U]

SE9o}S AL, F21E

B3 glojE| o= 44| &

A, 7] 9 7]ek madjol dig vzt Arst wghe
A97} g, o AR S AL o5

J57IL The WAl el ARE skt A8

GUEh b A M, A e ) dlol]
dlole} Aol A ol @atsziLt A7 sof st

ofelgt a4E Tefste] ARe lolElA A8

31 ke o] HRshE WoR 7
20| Jat ANAS TS 4

1. 371 HolgXl A7)

g A2 Felela Bolshs o] AMSEk: of
FAQl IAA HloJEAlS KITTI, nuScenes, Waymo
Open dleJE|Alo] i}, GGE 2)ollxl= 7} lofeAllof] of
ok 295 Blaskelon | (G 3) ol A= 2 HloE A Al
o3l
KITTI ©o]EjAl 7}% Fof Fapeetwrl A
3 A5 flsl iRl glofEAlolt), Hlo]EAle- M 2T
¢l HDL—64E zto|c} 170, 2| 742} 27, ofekl
= Fpollek 20, GPS/IMU ALA7E 42Hel AHEA1E AL
sto] Bl S AHES Eo) EOlE Feher,
2l 2. ofu]x), TajHE Ael ofu]A] % cheke A
dlolelet 7k ALA tlolelo] that 15,00070) it ol
= 2e)E AR g Teitt Eatk 970 ojollAE B3
AEAL 9] 360°5 W 21T 4 ek, PlolEAl 47
& gja) mA e ) 2] HolEl myksln A
2 nEEe e Ee B A ool &
6,4417b9] HlolElAIS 443,
nuTonomy7} 7|3t nuScenes Hlo|EAIS A =
|, o] F 6719 2HH e 7HHekE vl x|sko] 2}
% WS 360" BT 4 ES sjelon, Wkl
HDL~32E 2to|c} 1719} GPS/IMU AIAE AMg-3te] 4}
S LS EOlE Fekor, Ade oju]x), w
S 22 olalA19} GPS 9 MU elolelel 22 ALk
tlofEle} 40,000719] g dlol= A& HloleE Als

ZHelHe e g

_g

Ni

rx2stax| 2023 3183



@
0
[
S
v
v
v
ot
0E
ol
ol
fo
1x

gt} 9t Ei‘ﬂﬂ A7bEEo A 4w e tharst Mgl IV, HOJEAIS B89 =F
O gHol A =33k & 1.5AIZFS] o EAlE % ]%"‘?fdr.

Waymot= 2016\ +zollA] BARE A3 7)<
2 7] 2.2 Waymo open HloJE Al 17H0} ok A :
ot ZHol 57§9] 7he|etel S 2] efolok(Mid—range) 1 A A, A w3 =4 4 22 ohekeh 2opo
N, @Ae] gtolck(Short—range) 4708 AFESte] AFF  =Fo] UREGITH (18 204 2RI 4= 910l 3

(=
ol

& TSI, 1t Bl ozt HlolEle} thekst EMjol A mitk EloJBAle] Q18- Sl SFSIAL Q1o AR

TARE ElolEE 23T, ASTAE SR ABAS & 71E WA A& A Fadk IS sk ke A

Le)EE EHeke Ol AR 5 Sl w4 A, A AR

A Sl HiR AR AlERITh o2t dlolEAls oA 27t dlofElAlo] 7MY ol AR ok =

ol-g-5kof 2018 off|zut uH 2o Al Waymo oneC.2 A ZHA] ofoltf, A= Abgol FH S QlAfskar

Eele AFUA AR A AE AR 2 2K, BaRpel -2 =AE Aldstal o)) ke A
o] elofe £, Udets, =it o] 50709 Al e WE 4 QS Sk wheha] gA] Ak o A

A

el S B Clycape o doleMat slolck Al A ekTmelEe] AAZE Al ] 2L T kRt
th Abgate] thtE 3D T A A W A dlole] ¢l =Ro] MEEEIgIch o]efat el ES s )
A& A5k H3D 1 dlole s 2, o A e At Aol et A dlolEe 4

(H 3) KITTI, Nuscenes, Waymo open Ci[O|E{Al AjZt5}

KITTI Nuscenes Waymo open
— Germany (Karlsruhe) — Boston—seaport, Singapore—onenorth — San Francisco, Mountain View, Phoenix
x| N }\J
e & |
N\ )
e
2to|ct

184 The Magazine of the IEIE 38



2500
2000
1500
1000

500

. =AN  _N

Waymo nuScenes KITTI

H2019 m2020 m2021 m2022

(O 2) A=E Ho[EM 2Ig A 4

Yueming Zhang " 52 Waymo open o] E]Alo] 4]

Algak olul Ayt AHgate] A7 2D BA| 74
el AR S8l A Sl e e gotes
28 4 QLS ShueEe At

Shaoshuai Shi " 52 KITTI®} Waymo open H]©]
EAlof| A Algol= B o] 2QIE SER-E HlofE
= o]gslo] 3D &4 AES €8 PointVoxel—-RCNN
(PV=RCNN) &i1e]5-5 ARk,

Yukang Chen ! 52 3D 2] x& 23} focal
sparse convolutiong A|otstcl KITTI, nuScenes Y
Waymo open H|o|HAE ARg-sto] FHelet AdS %

-

ayetct o]gigh Qe AelS Fof Algket o] 7]
& Sparse convolution= thA|ske], H&kst 3D &4

Al dee HolEh

A S A AR o] W )17 o] 014

Raw image

Segmentation label

7|Hko 2 o

olE =

A

Raw image

(212! 3) Waymo open H|0|E{Allo] 2= o]o|X| &
oI Z2jecof 2t

L—E

SRS o w Fad

ATy o] 4| £

A AlgE]ojof gt
Jianyun Xu " 52 KITTI, Nuscenes H|o]E]Alo]A]
Agolz ERE SUeEE Yo ARgs| wA| w3
< =A9] RPVNetZ Aos}gitt, Jiachen Wang !
2 Waymo open HO|EAlS o]-§ato] 24tk 7]5ke]
- A 23 A5 FAlo] alshs
25 ARSI, olelow (E HE B
S AREEE Bt 1A oS W E=A 4

e QI = Sl o]} ol HlolEAlY]

| v‘l‘b._\\ ‘\‘m

N

Segmentatlon label

=2 JE dl0lE oAl

= St}
UHkz| o7 oju|x] 7]Hh
E ZoeE 7H B 27 % (Bird's—eye view, BEW)
Fofic, whebA dloleAle- ofu]x|ef 4l
E Zekor W 27w it glolg

I 22 Z4zpe] = Alof wigt

a8l

o opje} (1

AE dlolE HlolHx o

3] AR o

He olr{

O E

e

L

.

rO

ZXx| =g (UES FX
- Shaoshuai Shi [12] Andres Milioto [29] Xinzhu Bei [31] Hai Wu [33]
Xinxin Du [28] EE Aksoy [30] Pengxiang Wu [32] P Voigtiaender [34]
Nuscenes Yukang Chen [13] Jianyun Xu [14] Anthony Hu [24] Aleksandr Kim [26]
uscene
Xuran Pan [22] Xinge Zhu [23] T Phan—Minh [25] Xiaomeng Cao [27]
Yueming Zhang [11] Jiachen Wang [15] Harshayu Girase [18] P Dendorfer [20]
Waymo open ) " imé
Tianwei Yin [16] Yang Zhang [17] Yunpeng Zhang [19] Jiménez—Bravo [21]

39

rxZetsIx| 20233 185



®
0
[
S
v
v
v
o
0E
ol
ol
fo
1=

V. urg

ol ARG 714 U] SR 43S e
Hlolel el thet Bee Arstalnt, A&7l et -
27} A Z7Nat] el ok A4 Al 98 T8
o2 Ashe doleiile] Faol 43 o Rigsha

[1] Andreas Geiger, et al. "Are we ready for autonomous driving?
The KITTI vision benchmark suite”, Computer Vision and
Pattern Recognition (CVPR) 2012

[2] Holger Caesar, et al. 'nuScenes: A Multimodal Dataset for
Autonomous Driving', Transactions on Pattern Analysis and
Machine Inteligence (TPAMI) 2020

[3]Pei Sun, et al. "Scalability in Perception for Autonomous
Driving: Waymo Open Dataset’, Computer Vision and Pattern
Recognition (CVPR) 2020

[4] Benchmarking Sensors for Vehicle Computer Vision Systems,
Michigan Tech Research Institute 2017, https://mtri.org/
automotivebenchmark.html

[5] Z Nikoli¢. "Embedded Vision in Advanced Driver Assistance
Systems', Advances in embedded computer vision 2014

[6] J Hecht. "Lidar for selfi—driving cars', Optics and Photonics
News 2018

[71J Dickmann, et al. "Automotive radar the key technology
for autonomous driving: From detection and ranging to
environmental understanding’, National Conference on Radar
2016

[8] Kwon, Soonhong, et al. "Xlg =& XI=XI HOt 98 U

“

71& =8, Korea Institute of Information Security and

1 86 _The Magazine of the IEIE

Cryptology(KIISC) 2020
[9] Cordts, Marius, et al. "The cityscapes dataset for semantic
urban scene understanding.”, Computer Vision and Pattern
Recognition (CVPR) 2016
[10] Patil, Abhishek, et al. "The h3d dataset for full-surround
3d multi—object detection and tracking in crowded urban
scenes.", International Conference on Robotics and
Automation (ICRA) 2019
[11] Yueming Zhang, et al. "2nd Place Solution for Waymo Open
Dataset Challenge — Real—-time 2D Object Detection”, arXiv
2021
[12] Shaoshuai Shi, et al. "PV-RCNN: Point-Voxel Feature Set
Abstraction for 3D Object Detection”, Computer Vision and
Pattern Recognition (CVPR) 2020
[13] Yukang Chen, et al. "Focal Sparse Convolutional Networks
for 3D Object Detection.", Computer Vision and Pattern
Recognition (CVPR) 2022
[14] Jianyun Xu, et al. "RPVNet: A Deep and Efficient Range—
Point—Voxel Fusion Network for LIDAR Point Cloud
Segmentation’, International Conference on Computer Vision
(iccv) 2021
[15] Jiachen Wang, et al. "Lidar Point Cloud Object Detection and
Semantic Segmentation Fusion Based on Bird's—Eye—View",
Computer Vision and Computational Intelligence (CVCI) 2022
[16] Tianwei Yin, et al. "Center—Based 3D Object Detection and
Tracking, Computer Vision and Pattern Recognition (CVPR)
2021
[171Yang Zhang, et al. "PolarNet: An Improved Grid
Representation for Online LIDAR Point Clouds Semantic
Segmentation’, Computer Vision and Pattern Recognition
(CVPR) 2020
[18] Harshayu Girase, et al. "LOKI: Long Term and Key Intentions
for Trajectory Prediction’, International Conference on
Computer Vision (ICCV) 2021
[19] Yunpeng Zhang, et al. "BEVerse: Unified Perception and
Prediction in Birds—Eye—View for Vision—Centric Autonomous

Driving", arXiv 2022

40



[20] Patrick Dendorfer, et al. "MOTChallenge: A Benchmark for
Single—Camera Multiple Target Tracking', International Journal
of Computer Vision 2021

[21] Jiménez—Bravo, Diego M, et al. "Multi-object tracking in
traffic environments: A systematic literature review.",
Neurocomputing 2022

[22] Xuran Pan, et al. "3D Object Detection With Pointformer”,
Computer Vision and Pattern Recognition (CVPR) 2021

[23] Xinge Zhu, et al. "Cylindrical and Asymmetrical 3D
Convolution Networks for LIDAR Segmentation”, Computer
Vision and Pattern Recognition (CVPR) 2021

[24] Anthony Hu, et al. "FIERY: Future Instance Prediction in
Bird's—Eye View From Surround Monocular Cameras’,
International Conference on Computer Vision (ICCV) 2021

[25] Tung Phan—Minh, et al. "CoverNet: Multimodal Behavior
Prediction Using Trajectory Sets', Computer Vision and
Pattern Recognition (CVPR) 2020

[26] Aleksandr Kim, et al. "EagerMOT: 3D Multi—Object Tracking
via Sensor Fusion', International Conference on Robotics and
Automation (ICRA) 2021

[27] Xiaomeng Cao, et al. "Automotive Radar—Based Vehicle
Tracking Using Data—Region Association’, Transactions on
Intelligent Transportation Systems 2021

[28] Xinxin Du et al. "A General Pipeline for 3D Detection of

Vehicles', International Conference on Robotics and
Automation (ICRA) 2018

[29] Andres Milioto, et al. "LIDAR Panoptic Segmentation for
Autonomous Driving”, International Workshop on Intelligent
Robots and Systems (IROS) 2020

[30] Eren Erdal Aksoy, et al. "SalsaNet: Fast Road and Vehicle
Segmentation in LIDAR Point Clouds for Autonomous Driving',
Symposium on Intelligent Vehicle 2020

[31] Xinzhu Bei, et al, "Learning Semantic—Aware Dynamics for
Video Prediction”, Computer Vision and Pattern Recognition
(CVPR) 2021

[32] Pengxiang Wu, et al. "MotionNet: Joint Perception and Motion

Prediction for Autonomous Driving Based on Bird's Eye View

41

Maps', Computer Vision and Pattern Recognition (CVPR)
2020

[33] Hai Wu, et al. "3D Multi-Object Tracking in Point Clouds
Based on Prediction Confidence—Guided Data Association’,
Transactions on Intelligent Transportation Systems 2021

[34] Paul Voigtlaender, et al. "MOTS: Multi-Object Tracking and

Segmentation’, Computer Vision and Pattern Recognition
(CVPR) 2019

< 20164 39 7}l AxEY)
£ 20219 39 3]st ALEY

A #ob
Computer Vision, Deep Learning

* 20044 2% 5]
+ 2009 29 KAIST 25-3-5h43 AA}
« 20179 2% KAIST A7) D4 #}ba-a}a} Hha}

£ 20094 29 ~ 201841 29 AMETY |4 HEATLY
+201849 3% ~ 202141 29 /HAYelL ALEofalat

<2021 3Y ~ @A) 43
ES

] Hop)
Computer Vision, Machine Learning, Robotics

Mxt2ets|x| 2023 3 187



©00080

A AAHCR e At Az 7]a 719E0] AT 7
QAT oFA] 2 A8kt AlRtA ]l Aeltt, Aka
& A AFe] 88t A = 7h 9 Aol whef Aelsht, vl=E o
2R APsAF Al2ARES AT 750
AL QA e A aheke) 4385}
& 5 Qlnh vl=r Qo] {7, Ui 5o
Al zARE O] AT AR ARE SAlskAL QAR A8k A
e Zﬂﬁ Aole}, Aka3 AEate] Agsh= 7] Al AR oY
ef, el i, Qlzef 5 ofe] 7HA FZoliA elsfof & o]0
Asl e
Sk A& AFsAte] AHLEE Qste] 7)< kel ZHo A A
AJEp= Hoke 27 A 7P B 4 ol A, 718 2HE A
o%aa FRo) AXE sl AEAE 2w AR weT 4ot
Alsa ekslo] QPASIA FE 4 QEE 1A Pl 714E A
o]_‘:_ Aot} o]E el AT Aol theksh a1A)S AlA 7}
garelofof k11, o) AlA] Hlojele] malHel Ak whe A2 9
2] AR ESE ZE5ofAof jith, g @HdAE iAllA i Ve
= SR Al SAISHL QAT A5 Al 9] =8 7H S = <l
Sto] 71T 3 ARt Ao A g sfiof sk Aol o= <l
stof AA| AAZE ShEet Akadl Va0 ST} HE] waol=

_>l:

N

o o
N

A9
PEAREEE]

olf Hekd o Q= 7 WA Ve A U2 AT AR A AlA

S ol QUASlof 3 8l A % UNES nle] AR uhEe] i

1 88 The Magazine of the IEIE 42



> > b ASTYES S DA X KT |2 5 =X X | ‘

Q1) ABFUS Yot HUceAls

Ao}, A|wrh Juskes 21gas g Awe] 4
e} A4 AN Qs AR e vk 2407 S
Apse mlolst 42 9le}, 7)20] At S Ate] o S
A~
-

Ao} 4 ]

2 At A5 2 wele] 2744l

=1

Step 17|

MMSAIE Z=H|/HH

(B=HlolE #I5)
o

H|OIEf X2]

- GNSS/INS =8, x|
Zer 14

o
#1%| 5 L C0lE] B

3 H
3 H
: h

MR =2t

B A o WSS shAlch Wivo], 4TS )
T A 4= e ] 93 WIS 7]
3349 4 9] HRE AFste] B 453 91471
F AR B2 3 9 v HIA, o mzel]
28] 517] SIalAE W wel Al WS 2 ol
Seaaof S 58 BT 42 glolof gtk

19 et A|wg

e oot

ZF2ksl 11H]8-0] 2% AJZF 2}efe- 0]8-510] A

%9 glolEE &53

o] wials 4451 AAIs] of et
Al AR 913 A W) 7147 ke ol ed
A adsl] o] BARS Besto] - B A5

Step 3 X| = &=}

| -

A
- E3m2 022 0| ]%

x| S |23
o

BRI B

s
e

— - §

—_—

-uﬁ&ﬁmwwmﬁ
©

Helx Hy

- HZE0lE

R CELE

(E 2) asiy= Xl= HE 1kl

43

Hxizetsx 2023 3 189



‘ Q8O »»»Exg

i)
ofr
o
rlr
M
HU
of
o>
o
i)
©
i
il
)
H1
o
2
o 2
<
o
Ofr
ol
> orlr

STENFHO| A= AR AEAl LS A Ys)]
el A=t 8 L2E o= IS A s 58]
ek, 2019W7HA] =t mof SetE|QlE A E 2w
(BLUERAE) 2 ARS 2020\ e At ket
Z shjEjo] 20216 7]3 2ukE53km o] THAIE A=
WEAIL i Z83E 42 Qe 2elo R sk
o,

oj#gh ISAE Ak A|2Re W it Q1) Al
o] A ¥l= zFeiolct,
ato] A& A2 A 9 A
System)& Akl vje] d%of

ox ™Y

e
A, AEE AT s

FH](MMS, Mobile Mapping
7P A Al S

VS STt 10k, A% AR AFS 2ol 4
= A2 9l DR YolEE AT, o] WA
LAY, 18, B8 59 JuS Sush, GPS gue}
T 7hijekS ol gto] AlolElE, el 3 LiDARS
ol g3te] 3342l Aielo|El S @] Enk, o2 ey

Loz A

ot okl dlojelis A Aol Wagh @A)
ofof 51, A% 12 Feo] YolE S BHshs HAS
Aok gt B, TAAE A|we] JRHeg o)) 9]
sfol Wio] X Sk Fol 5 5 doleE 1y
SHe S A ol MEoldl At Az 9)
A RS T 2% A 339 A Folelol o]
Awi E57] Sl wote] byl Hasit

E9R= A% A8 map abstraction)2halE shH, A

Hﬂ

190 _The Magazine of the IEIE

Digital camera
system

GNSS L e
MU

receiver

O 3) K= ME X ol Gl Fl(MMS)

M2 AR 28 7Hsdt Helgol
SHAE A} A

7} npRH
Feje] 3719)

S S S S N
A 7V pe Hl o]

Ak 314 % o o
7 o} Bol7] 4tk 7 1%
7k
=

=
W AAE SR A AR A S g

44



L, gAsaL, %@Lﬁ}i Al *Pﬁo = 74*E1b ”EPOl =
o

2 ﬁ]ﬁ%kﬂr ARS8 AFsor sh] wiZolot, Rt

] _/,5 _% 5/\1 qu% oz Z oﬂo]—7] -r]
A= 0131 o] Al Al2F 2pge 280 sk, A=
oh2 ol 8 dlofelE shie Faslor s 49
7 7171w gk, SRl deiAtE A S vieig] 7}
A B QlEjn) Algho] AR BEL v =5 Y
ofe}, kel 37k At wlolele] A7)k uj- Wil
g, o|25E =2, 2 55 FEste] bt WE o)

B o] AAu Ao BHsH= AL v AL
o o sy mizoldt, w2 HHEE 80k
2r¢fo)7] el Y717k F1e ol s qlEnt 4
ek = Qv AETE IS AeE e SA}

?l HEREY TomTom®| 7-¢- QlI=ef F=i& HI5et A

ik
ez &
o

AAl] skt Hlole A )lEs 9f7t A% A

=t Bkl

I R RIS A8 2 230 718

e 2w W] vlwd A& Uelo]7] uji] 2w
7F 62 dfol] Blske] aLal e x|t AlARof| QlojA] Al
213} ulgo] A7 = fejah wo) gick. shARk A
EA A, A Ay, % Qlsmel & S 2o ol
2910 Q8| A&H 02 Walsly] wie] Hlela 2|
A ARE io%o}% Mg fA)s}a AlskE Ao] s
m%m A% YA 7)%2 Wzt 2|ejo] gojeg 4
Asto] 415t xﬂao T A% Anel 058 435
ggﬂom oFA3l A3l

TENERL 7] Azl AUr2 Lo WA AR)o)

P 45 Eeve Yol wAE JnS FEyeh 3
FHe ARFBAEAES B3] A4 AUERAES
L S

o] ob A WSS AlalA stetst] of gL, 7
A B FAA B/l A e, Az
A AR} ST WA O o A= S ARk

e

STYS B YA XNEHEIEEE @ QD @ ‘

W 712 A4S ofgitt, webA Aw
At At 22 2 o] Wasit,

7|14 ze7fetat shi= A TaE Aw Ag A

o 215
AL Az

13#1} A 7HS Zo]
5}% Ho|c}, QOHME A= AzE Aol A
5o glojg] B3t thAo} Al w3} thA
% W= ofv] o= A Aset H
35| o1 TLE] L Q)i Hofolt), i 7]

Hi E}E YA AN E 5

A = A o)y
] 3;4 o WS AU 33

ot
o ot
o A
= X0
rir
T _1]1 [‘

3 e

Y A 55 (3D point
registration) 7]%0] Utk Al =3} ThAlo] =
946HA1L —.*o} ARSI oy ke s e o) Qrd M
A M-S Qugle Jofel2 Balel=

1=

=adlls
3A XSEL E5} (3D point segmentation) 7|43 28
24 ol

(8D point registration) 7|42 A&
2y = A= o2 AllA ol ofsh A
Ut A —Er 7H o] At FEdt= 710l
A, A, =27 243}

E
Z5h= ol

2 Bo] 3219l A 5% 71 A 7 9 |
2y 7)uk o] o ol el Aol tl% &
sk, A28k e e Aol Bk Heol
Aolg H4sle}r] §15) :5H4 5} 714S Algatn],
Helg 7k B Aee) 5SSk wgk up)
W42 257] 9leto] ARUL Abgalc)

2|25} 7)ok S5 P EP00 21l ek ALget

Mxt@sts|x 2023.3 - 191



‘ Q8O »»»ExXE

OB R
FENBEmE U
S3IEITLE Tyzgy
T = A ,lWI _ quLLI..ﬂ]
T LLEEE M?jwf”@;mfi ﬂ
ol of D <h o X2 Mo ~o X o X ol o hm ol oF T o O~ O T o om
o HOATXN;oﬂﬂ o = ol = 0 < omr X° wo " ie Hom X P
~ 0 o e n uw&l:._mﬂﬂwro xo my E ﬁuﬂe._ = e
R agymawgvng% I R
Mr\_ %A ol n,_,mu 7 N X Mﬁ <0 O attl ;%E Wl 3° o B ol Wi o © T T my B
%%LHJE]@M ﬂuo@oﬁmﬂ} 5 - & 8% R @%ﬂnuamu7£ﬂumo
E —~ X o - N o ZT HI;H_ o) ] ®H ]:._Vl of o q N m_-wo N = m° m_-wo > o :lme
i NG = E#E [y L_nDrO J— ‘WE . O O B = lu ‘_H_OIL n..mlL Of ‘IMI A = o Ot
7O3q —_— le] ‘Dl‘lﬁl__l‘l_l,l_lot T LL. o TR 1 1: \./‘H_EWHT_
0 N N _,TLlX KON — ﬁzT7E o otLQ.S
,_.E_,Im _Xdl. ;o1FMﬁ23Bo€7ﬂ|X | 1JHCLH0|1Ju_oo%
% o] & L_L%,lodﬁ_/ o ~ Eﬂi%otoa% = épaulmkeo
do=r g E XS ,maﬂu%tiulullym:e% ~ I~
ﬂxulqﬂ ~ /)1 ic_eurm# =< @ NS N 7 Iz 3 &I
~NLRERE ¢t o nEy i A I W B M
R Uriﬂegg%i. LW o E%Eu..w'; T g o yo°
E%éx%ogEmE _#oﬂgu]ogmﬂ%oégyﬂ o & 2 E o o B Y
i ?ﬂ%@%dtﬂ@@ﬂﬁ%]@zmﬁgﬁgbﬁ%q%%mmgg;
nnﬁmﬂ%ﬂﬂbm@lﬂh%%Eomﬂ%ﬂ%auoﬁ%u_ufmoEmoELo.ﬂmﬂmmé%ma
oﬂx%W%@%%wx%ﬁ%@ﬂ&tﬂu@aZTLeSﬂ%odmsﬂyof%
Lx.wm,@i@%@%%%@ﬁ@t%ﬂmﬁl%mmqwzﬁﬂ%ﬂ@mégé
™ . ol ~CINTE SN Ko = o o = AH du]mﬂ
23wt__omﬁﬂmfowmﬂwﬁ%@%wwﬁfiwmoﬁﬁweuﬂ%,tmeW%
7dﬁ7ﬁcgﬂu€ﬂmnﬂum..@ﬁﬂrmma,mﬂwﬁnﬁmwon%}ﬁMﬂMomHmnxoﬂl_/l
m .5 o P o L7|ut__b]r 3 T2 =
N BT = N 5 o= o £ © 3
o o R oy H T 5o S ow e w ZhE g
gﬁﬁoﬁeaawu%ﬂuge,%orF mﬂRmuJ_Mom
Yo T wm B = ) © A el = T ©
= Vb do mY W = o W 3 bomo® o
I N OMD ;IHPﬂ 1 i o = == Of T TO ﬂ ;OL fe=re}
plegs2ividsta ToEyrEZEED
= E o B . ° i o8 Ml i J) Gl ol uo o|) = o ® < ‘EE
ﬂmﬁﬂun_rﬂ‘mloe o) TE ol = ok o o o Top Ltm o 7o X7 9
o an o o KA LXK — e v or E .. up g el
N ﬂ O“#O ‘w:.._ O#O 1 I ;OE < Je) - o0 ~o ey "y ml\_ ET.: ﬂ 0 AT
mﬂcrmnuuﬁﬂﬁ__o%@nmuﬁw ﬁwmowcﬂgeﬁﬂ%%l
o 0 ! ]]_] _—
wfﬁgogﬂﬁﬂwﬁ - SEEswTEUag
%o oo Xy 35 I i e o)) = R L
= N- J1 =) ™ my OEZHL 0 o)
. ﬂ%ﬂ@iﬂ@ﬂ 5 mloLLclE:x%ﬁ@
dlﬂb%qwrb_nwh.mﬁ Fogh e BKOET s”oﬂe7ld|mﬂgo
= B o %Eﬁiﬂ? T R ,ﬂLL%i
Lo =« "E D = 2 o = N ol v i bL XE gm RO .L_m Pjo E
PR X — 7 U]L o o o o B To- E .L_m e AT o
N =r oo N © N~ acy XSk =) o 7o o i ° U__E o X Nr uﬂ_ Horﬂ
ol 3 fron T oot o Mo o L o L, R oo |z 9 MF k<3 "
il 7uor,waM% > X CURA Hﬂaﬁaﬁﬂ_icr Ot_ua
il o B o | o TUREP & - N " B o ol oY Fm A
mo_oﬂuﬂ,ﬁ#o;ﬁww%cﬁummmuuo%%m;mom wmmoﬂ
e 1%;%H}_kﬂ%ﬂviﬁﬁeﬂ T
: < O T S T o Do W o L
ﬁo_b%ﬁﬁgﬂéﬂwmo%ﬂ% ER e
B EO Xo X o o T 2 = Z#, — . W LT = o o T
ST ﬂﬁllﬂo%go@m = T oo ° T
o IﬁNE = o o o o jrid S ol JIL o £ o
xo A Tr -] up <
W= R oy 2 M
7ﬂ|ﬂAIQEAT].
o T o

=
=

UL |
46

ol

A 2371w

A5

22

S

g mlE A

=

of o]

1

L

olde]
A=) o

=

=

L=

.

et}

=
T

o] M
Al Z4o] fEe|= FtolA

1
02 The Magazine of the IEIE



o] clustering 8= @EH[%]EE HFA5kI T}
npxato g2 gy 7|4k | 7
goto] Mol EAS shgstar Lol 2T W
PointNet’®, PointNet++%" DGCNN 1} 72 3%}
 HloleE x{a]o}h 0}7]9‘]13 %L%”}% %Ei

%@ﬂjﬁéﬂgﬂ%ﬁ%4ﬁﬂﬂ°Wﬂﬂﬂ°l

A sl ity o]= 32}-‘@4 Ate] o] 4] Er%(semantlc
segmentatlon) At 5ot

slksto] obal A
%ﬂﬂﬂﬁoﬁi%ﬁ
1=

7)450] ofn ] 4

o g 4 A 9 e

Fﬂﬁﬂ

of glolEe] g1 sh5tole7t Aasl) %ﬁ] @.4 Eﬂol

glojglo]7] wiizell AAt
ol WobA o5 Yl ol W 2l Fadh '

SRS ELA 7N A% A 7] Bl A w S
S 4] $J5te] el thge] RS F]ojshs A
2o 2 Google Maps, OpenStreet Map, Mapillary2}
A2 YA Am=E AR LSk Zﬂoﬂ*ﬂ 5“10”5 ek

e i=
Intel®] #}3]AFSl Mobileyeol 4] 7§HFat REM(Road

47

Tofete A= ®& 7=

2 0000

(22! 6) Mobleye2] REM AJH|A

)

Experience Management)S A& %19} 11+ &
A} A A AHIADAS)E f1gh Aafide A g 7
Al 7]40]t}, REMES Mobileye®] ADAS A]2:]o] 22
gl 2pe] Zhetel A HloElE A5 02 3]skl

= 9 olzel Asre) wskE Agsty] ffst sid dlo]
£ A i Aol A Aol = tlofEEs
2| 4-3lsl7] Q5to] ADAS AJAFIOA] ojulx] Ze] 9 ]
Eo] gl 7FR| S X upx]al 2| JPAle] BQEE A
gko] tlojel & AHE Hlth Aol A= Mobileye?]
ADAS A|2]E A2 22 AleFo 2 5E ol o
o[ElE EAlste] HARTOR AwF YHo]EDIL, ThA|
Mobileye®] ADAS A|A#lo] AF2HE apZolA 7Y4lE
A& AWZ ToFT)

o=

N
halk

ﬂllojll—[‘l.ﬁ

o] st Fe}o-= A4 7|HEO] A& YAl 7|4 Kt A
otal AR A s AARe R e 4= glof Ak
A7} mR2E obHElT ALHoR S 4 QuR
S 52 Qth, o2 So], B8 ®AQ W3}, BA LY, =
2 9]0 93] =5 7IA|5lo] A2 AA|7ro g 7YAlEt

e |o

B, Aol A4 S AR
2 % 9t

IV, X3 E Xz &8

A el 33 e A A8 g

Hxi3etsix| 2023 3 193



‘ 02O »»»rENE

A ER, A, AR 5 ) B g A e
2 Azsto] B8 sl AR FHE TS
7] wjol BA) AH&FA] A8t @
203 Qliefolet, LA A 2185 oo=
ozo) Ajalol A ofe] T Hojo A 2HeE 4 3t
=5, 2ot w0 E AR} A ARG w8 4
= wloq ke mAekE 715 AdE,
snte w7143} tAE olmeks haslo] Ayl
& A7) e TS Ao P
"

b
i
N
K
%0,
rr

S

e =ol e ATl 28 o Q.

O Hol7l, Alsi e Al 2RFe] ekt 9]t 2
A ] EE ATee =N A ofye o
BF 2RFe) At 2AAAF A AILEHADAS) & Al sk
gl AR 4= QLo of= ANEAQ] e QS Y
Shal by 4e 2 o Qv =2 203 1 wj|o]
gt AR JEE Awste] S A Auls Bl
Au| o) G2 o5 AHIAE AU 4= 9o, o
o FE2E Akl aeAs Aokt mwol 2 &
o]

A

2

194 The Magazine of the IEIE

Qeft, offet Ak 2] AJEstal AAIRE Aok
Alstol Aol olas 14fsial v A flAE
Aol AAREeR AAS U 4 e 2|3
AREao] Agelel HlEo] thefdt ZokolM 1 8.
L A=) A

e K

N
N
Shs
=
o
=
F1
e
-
SL
=

(o]
9
N
N
N
=

71E9] A2 o R A% Sk Zlo R oidEH 33t
@ AT A mis AutE AJE] 9 A gaEe o) BEz of| A
T8 TS AL e 2ot

FnEd
1201y, "8 71y 85 YUSRAE 75-BER,
SR MBS0 45, ZMAL, Sep 2022, hitps://

biz.chosun.com/policy/policy _sub/2022/09/20/
FS5JGTSPUBBOTAE7MSTT TOMTQU/

[2] Xiaoshui Huang, et al. “A comprehensive survey on point
cloud registration”, arXiv:2103.02690 [cs], Mar 2021.

[8]Heng Yang and Luca Carlone. “A polynomial—time
solution for robust registration with extreme outlier rates”,
arxiv:1903,08588, 2019,

[4]Huu M Le, et al. “Sdrsac: Semidefinite—based randomized
approach for robust point cloud registration without
correspondences”, In Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition (CVPR), pages
124-133, 2019,

[5] Francois Pomerleau, et al. “A review of point cloud

48



b > RETAS B THAE RIS @O @ @ ‘

registration algorithms for mobile robotics”, Foundations and
Trends® in Robotics, 4(1):1-104, 2015,

[6] Liang Cheng, et al. “Registration of laser scanning point
clouds: A review”, Sensors, 18(5):1641, 2018,

[7] Zhenpei Yang, et al. “Extreme relative pose estimation for
rgb—d scans via scene completion”, In Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), June 2019,

[8] Lingjing Wang, et al. “Non-rigid point set registration
networks”, arXiv:1904.01428, 2019,

[9] Haowen Deng, et al. “3d local features for direct pairwise
registration”, In Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), pages
3244 -3253, 2019,

[10] G Dias Pais, et al. “3dregnet: A deep neural network
for 3d point registration”, In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR), pages 7193~-7203, 2020.

[11] Yuxing Xie, et al. "Linking Points With Labels in 3D: A Review
of Point Cloud Semantic Segmentation’, IEEE Geoscience and
Remote Sensing Magazine, Mar 2020.

[12] A. Nguyen and B. Le, “3d point cloud segmentation: A
survey,” in 2013 6th IEEE conference on robotics, automation
and mechatronics(RAM), pp. 225 - 230, 2013,

[13] T. Rabbani, et al. “Segmentation of point clouds using
smoothness constraint”, in International archives of
photogrammetry, remote sensing and spatial information
sciences, vol. 36, pp. 248253, 2006.

[14] P, J. Besl and R. C. Jain, “Segmentation through variable—
order surface fitting”, IEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. 10, no. 2, pp. 167 —-192, 1988.

[15] Z. Dong, et al. “An efficient global energy optimization
approach for robust 3d plane segmentation of point clouds”,
ISPRS Journal of Photogrammetry and Remote Sensing, vol.
137, pp. 112133, 2018,

[16] L. Xu, et al. “A new curve detection method: randomized

hough transform (RHT),” Pattern recognition letters, vol, 11,

49

no. 5, pp. 331 -338, 1990.

[17] F. A Limberger and M. M. Oliveira, “Real-time detection
of planar regions in unorganized point clouds,” Pattern
Recognition, vol. 48, no. 6, pp. 2043 -2053, 2015.

[18] M. Camurri, et al. “3d hough transform for sphere recognition
on point clouds,” Machine vision and applications, vol. 25,
no. 7, pp. 18771891, 2014,

[19] M. A, Fischler and R. C. Bolles, “Random sample consensus:
a paradigm for model fitting with applications to image
analysis and automated cartography,” Communications of the
ACM, vol. 24, no. 6, pp. 381-395, 1981,

[20] S. Choi, T. Kim, and W. Yu, “Performance evaluation of
ransac family,” in Proceedings of the British Machine Vision
Conference, 2009.

[21]1R. Raguram, O. Chum, M. Pollefeys, J. Matas, and J.—M.
Frahm, “Usac: a universal framework for random sample
consensus,” |IEEE transactions on pattern analysis and
machine intelligence, vol. 35, no. 8, pp. 2022 - 2038, 2013.

[22] F. Morsdorf, E. Meier, B. K ‘otz, K. I. ltten, M. Dobbertin, and
B. Allg" ‘ower, “Lidar—based geometric reconstruction of
boreal type forest stands at single tree level for forest and
wildland fire management,” Remote Sensing of Environment,
vol. 92, no. 3, pp. 353-362, 2004.

[23] J. M. Biosca and J. L. Lerma, “Unsupervised robust planar
segmentation of terrestrial laser scanner point clouds
based on fuzzy clustering methods,” ISPRS Journal of
Photogrammetry and Remote Sensing, vol. 63, no. 1, pp.
84-98, 2008,

[24] M. Shahzad and X. X, Zhu, “Robust reconstruction of building
facades for large areas using spaceborne tomosar point
clouds,” IEEE Transactions on Geoscience and Remote
Sensing, vol. 53, no. 2, pp. 752 -769, 2015.

[25] S. Ural and J. Shan, “Min—cut based segmentation of
airborne lidar point clouds,” in International Archives of the
Photogrammetry, Remote Sensing and Spatial Information
Sciences, pp. 167172, 2012.

[26]C. R Qi, H. Su, K. Mo, and L. J. Guibas, “Pointnet: Deep

Hxizesix 20233195



‘ 02O »»»rENE

learning on point sets for 3d classification and segmentation,”
in Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, pp. 652 — 660, 2017.

[27]1C. R Qi, L. Vi, H. Su, and L. J. Guibas, “Pointnet++: Deep
hierarchical feature learning on point sets in a metric space,”
in Advances in Neural Information Processing Systems, pp.
5099-5108, 2017.

[28] Y. Wang, Y. Sun, Z Liu, S. E. Sarma, M. M. Bronstein, and
J. M. Solomon, “Dynamic graph cnn for learning on point
clouds,” arXiv:1801.07829, 2018,

x4

« 20084 8% KAIST A7) W Az}-2-al} sha}
« 201041 8% KAIST A7) 9 Ax}-2aka} A4}
+ 20164 29 KAIST 7] @ Az}aels wka}
+ 20164 39 ~ 20174 29 Naver Labs 91+-¢
< 20179 39 ~ 2021\ 8¢ A3|stn
AL E Qo] gt} £l

- 2021 99 ~ @A A2AHHSL AT 2ul

G #ob

Computer Vision, Understanding 3D Environment,
Color and Depth Sensor System, and Causal Inference
for Explainable Al

196 _The Magazine of the IEIE

50



©00080

’77/

/

: —/—/f/———' =
- — |

1.8

—

e -

4

Head—up Display (HUD)«= AR8AFS] Aloks 7HA] ¢3aL F2bAl7]
HAE sAlol A2t FEE AIS FrtaEdo] Aot HUD
= AF7|oA 2FAR Alofe]l =2 v|dTolElE A f13 A
A2 =ik 7] Zopolla] Hxw AUESIen, 2EAE AV
H7] 9J8l Al o5 Hagle] Higiovt HFol 7Hsoles 6
2] FORARS FaxsA7 )= eSSt o]2fR HUD: &
AsAre] =2 AlaE o fEELL Qy AFE HUD: =2 W
Alo] A} ols5to] ARE-En| ADAS (Advanced Driver Assistance
Systems) AX 5 2peF Faivt W ARE FA7) Bseh A
3l 7<) AT s thoksh AllA W BEA] AR AE B &%
Ao A Alg 7Fedt 583 AEES A SRkl Stk 54T
(Augmented Reality) 715t AR HUD= o|&3h x}af =3 4
A SRt Seke] AR R AR o ks 24s)
i, AAo)al whEA RS Ao m SAARe] e @14
& golsHA| stof SAE TS FIAIA 4= qlek Al MercedesBenz,
Audi 5 8 A2} AL 9 Panasonic, LG & ¥ A AR
HUD A& g5 98l ‘=gstar Sk ((CLE1) =), HUDOl| 74
s AEsh ] flelid= 7S A BEE AA 33 Sl A
ato] Ao sl=tl, ol& fleliA= Dol Zolits Alest= 3D

2o 7]szo] asit

2 oA 2 2L Qli= A4RFE- AR HUD 7)ol dish 427j

ok F2H7d 3D tjAE o]
719] 2t sl sl At ol A= 71 HUDS} tiv|=)=
Eof tisf| w=2Ja}aL, Tl A=

-

o
I

.

l-EE gl
! mlm ﬂJ>" F_u

Ol
=

O

o 4

E7laaSreta

=2
=

51 Mxt=sts|x| 20233197



‘ 00O »»»ox

Qg 1) ARHUD XME stH

(A Audi, 3} Panasonic)

7|l dish H‘ﬂ?’m upAERe 2 VA 75T B

S AARIT,
I. AR HUD

(19 20+ HFH WHAF AgS o8k 2l
HUDQ| A& e, HUD ujito] 48 faz
G0l Fal AAE A vl v A8 5
ARE]AL, o] 2gk A 2] (Windshield)ofl HEARE o]
o] o BolA Firf, LA A Aol 9

A7k 7HS HAaEd|o] QP:E% QANABIA =L, wof Ko

A= AT HUD 3bE sAlol AlgskA Hd, &4
ko] o gy 7pAFHH7EA] 9] Agl= VID (Virtual
Image Distance)gtal &2jn, Aukze] 2D HUDS| 7
- A4 oF & EHo| fiAgte] 2HAREE 2~3m
4= A7t Fley, $7dAk= HUD ko] VDo $12]5}
L A0R olxello] miek &, Aeis) 2o YRS 8t

198 The Magazine of the IEIE

Fold

mirror/
P /Aspheric

Display mirror

(22 2) 2D HUD AlAE Z3 X

ol EASHA =,
H7}F 3EAEA] Fe
AUt AR HUD:= 3219 1e)g] A== S A4%}9]
Aloffel Al SR g7ke] A =0 *e [7tez e
Oo[A|AA EFRI}, o & S0 AR S-3)H o] gt WiH]
71101*4 RS 7] HUDOJA 324 l°L 785 AR 7FA] 2]
O Ay 58 7S Ax 2 HAE AHE 23| HA4]
6?7%1 w=tll, AR HUDE ARESHA =W 2ol dejal

s 7 elofl glaEel 2 2D 4

M= AL A A AR Rl sHERE AH 11
A A = Ol o] AF A ARE HElGe

2 ojAste] ARE Hople HiAl R Hols Al
§ SHEEE whebhs At R 451 Ao YA
ol AZEfOIE o8 E¢k 2D HUD9| 74

UL,
- 3pHol 7] WiZell 1 & HUDE & wjvjct VID
AR E =0 24E o sl E Al A AR 7L
& ok #7go] Haglt|, AR HUD® %-$-+= HUD
g HEl= FAAZE ARRAloRF RSk 24
= AR = o] 7Hss

o83l AR HUDE 1&38l7] 984 HUD g} o]
VID$IA]o| 2D= #F# = Zo] ofuel, @A A ¢
O]o] Aeoll :AIE 4= Qlofof sk, ERF AR Hl=
7h A EA|2F ARt o] Al A| Q1A =S 517 9
off, TR AAEOR QIAlEkaL SHALe] =970
U2 SAAE Rhsto]
gt o5 Sls AFre] At A4 oA 9 = 2
0]4] 71§ SAA} =92 24 7|4, 3D yAE
Q3 2 J1o) A= o]
=eflo l 710l thsf) AA|E] TR aLA i

RO

52



b b » A2EE AR Head-up DisplayE &/t 204 3D 7|= S8

I, §9r3 3D gA

™

AEH0] 7

=

b 3D tAaZdols 548 oS 2] ¢halw
FQrp etell AR 9l S B S RS dlE
o}, 71 FoAE A 3D tAaZ ol dElEY dl
21} Parallax Barrier?} =2 33t g|o]o]& gato] T
~ZYo] gdofA] gt Yo WS Zw s e
HelE olg3teh, shA|ek chAld 3D fAEHol= alli
T Agkel 2 A GG o3t oy 712 ThEe 71

AL Qe Fak AR Afolof Q)= Fah|olol=

7ol AdS= EA7F 3 5lsH REEH &
SHA Rs}7| QA= Hup W& Algo] I e
785 ol Ak A olvtElo] HAZF QU
CAIR Hagdolo] AP AAIE 24 A A
(OVD, Optimal Viewing Distance)oll412] Sweet Spot
olg} B A= Ak, Sweet Spot Aol Dead
Zoneo|e} &ef= Foo] EAsIH, o] §iA|o| M= 2|
gl e JAre] AJx}7t 9 E]= Pseudoscopic 9440] BHAY
gtk AR 3D HAaEo|9) SHA = IAg=olA 7]
skl o] & sfdsly| fl8f 11431 Ao, DLPE %

2HEE o3t A2H” 52 ol83to] AH4E 5

O

K r&

G- ot gholE dE 3D yAaEd ol AE DY WollA
EEIE]E ‘J/].o]E v g Z-]EE /\H/\J]O}q 0144 /\] 403/%}%
TG 4= Qe P Sk A oet e Q) e o
ey B w = of4ds] s defof o wpA|ofct,

A=A 719E 3D HAaE&dol= 71 F9H 3D "4
Zdofof) oigh £ tigto] E 4= Qo B v A& o]
o) ZHEZ fASHIAE A A A4S ALl
B 91Hof) &3 S lel, AL 2x) i o] v
& ansgael TR 3D WG W A
of| A AT 4= Qlr}, E3E Stk Zlo] HfjollA 144
53

i

O

5A719k 37 3D AREE # 4 oA st o
) AR ) A R, 9 HA 3
AL HH ] A
cl ol SR AR
G Sk BAZE QA Al s,
A" AL SN F85] B8 715

B ol

=
O

HAFA 0] 3D Ak

ruhzﬁﬂ;jgro

)

Ol
—

R I 1g o Hu ajr wu r2
I
It

e dhiie] 44§ 3D tl2E o] Aol LC He
oI5 AFg3 o] AgEAA 1, o] ol A
7l A e 10 53 AU o ot e
7}

ox @

h o ek e
»
o,
o
—p

) 1l (V1ew1ng zone)°1 7]6kat Hpy el

C vjg]ojof| Hlste] G2 Ao Algetet s
ol A= AA AE7Fs FoE AR O UL,
715 SollA AR el o' Aol 9l
AARgc, o] % AJAJ+LE] 235t YHE o835t
= A elo A 2Agdgict, olefRl WL W
A-2lo] thet AR ARl FskA g o) s
3}%, taEg o] At 378 22 F=d Ler%
R @ajo]l Fokseh, Alitalr w4 b
& dE gy iz e vfejolE AR off 'WAys)
< e AskE WI9lEl, didold E9Ee A=

=

jr o rlo
2 AN oE
1%

)
N

o_1>.
_EmE_‘?_JQ
- >

lolo

2 9 rlo e orr

Xy
O:l:‘
ofr

H
=]
Aoz gl Aol Ag=aL

1 o
il

Mo 16 o
=2

lo =2 ox |
B

r gy A0
>

il

rlo

MRS EE|R| 20233199



‘ 00O »»»ox

Fhijel HEAZ 7)Fo 35 4&% 1‘4**81]01 4
FA R Helslo] AFg-3F ulr AL 7_}7_}94 Hz]o] &el9]
H3

Input 3: Display parameter
(slanted angle, barrier pitch, start
position, thickness)

R

DSR processing
Eye Tracking

Input 1: Contents
(wx h, RGB, Side by side)
Input 2: Eye position

Front camera 5l
(VGA, 60fps)
L(x, v, 2), R(x, v, 2)

(13 3) 30 BRI 1KY

Output: 3D Image
(wx h, RGB)

500mm

400mm

300mm

3DR Pipeline

Fragment

[l shader > Frame buffer Display
(3D Rendering)

I

Texture Buffer Display
(Left, Right) Parameters

OpenGL

(Vertex buffer —»| Vertex shader | Panel Render

Eye Position

©

(a2 4) GPU Fets /6 3D Faleild molmZeafel

ZE Ao ZH, sl g1 el 29t 52 91
SO o=l 7p7ke-Alol| whet HAlghe AT o1&
E_—é—H He /\1_151_17,]/\—11 7}\—_8_ J’]_Oo % A o] 7

Shz oAl Hojd gAtel gAlgior e, FA7
2 A= 57 19} vﬂﬂ =& Apolof| ofsf

Wil A= S Aoln Egh AHZA F
£ ARt YA wfefule7} FAdstr]ol ¢A| WHeket
4= 9tk webA GPU 32 FPGAS-S &8-sto] AAIZE
o & A7} 758}, (1Y 4)= GPUE J-83) 3D @l
Ul wpo]szefelS e

of2]gh 3D #lEjs IS AR AARS] 292k £

(a8 5) AFLIRI0f e =

200 _The Magazine of the IEIE

54



v
v
v
b
o
ofo
P
53]
&
e
C
o
o)
5
%
|-T|
JS
(@)
N
>
t
1(_)'_
@
()
&
@

G glek, (1 syt ool ZelAl HA(S)/ A
(Ehom 98 Leae A4S AL o ohY

9174 7HeletE &
HES Uehict,

2.3D ARAE
3D tl2Zeole] 312 AHsHs 8 AEL 3D 2
iAﬂom ol 3 Bk & Bl A

D AR dosEdolo] 1ot dolo]5 s ool
v uPASHE W] B 9 Akko R Qls ehAL,
alE|ze] dz0] Axt 5 Wot AN H& sdak
BFAT 7 5 FALAR s A met wsls
o WA, A3 3D tlazaole] 29 sde] A
Bl 4 MY Zj71o] Flo] tedery| A of

leakage — black level

Crosstalk() = signal — black level <100
3D ARAES ARIste] o] shds A
7] 9laf 2B WALl ue) o e K agt
o AlZgARS] f1x]ef BAIRLO] A G ol st dskAl
ZHe) = Offset ARAES] AL T APHe]| 71 A7|& =

Aslal, s AlEvkEol ﬂi/\i AELS. o) o Alof| A
Aol AREste] PesHA| EH, AvpA o AR =
o] ARAE A139| Offset W A A7} 7Fs5lc},
oA AGE F Zrupd o] AR AR
S| 2of whet ch2 A Uehhs 3D g4 AR AR S
o= @A EE ol FakA dA 9 eap® Sl

s Elied, 3D GARIEY LaeE S B
Aol 7Hs3it,

FATAEEC [16]01] A= A -FA714E 3D T AZ e o]o]|A]
3D @l G FAgkol 7RIS ekl A=
B A A 71 0] A, T A
55

”"’( ”'

OH ‘0 0
m“ N“

»ou uugu e

604

Luninance (nit)

H H

000

S ,9A‘,_.¢¢-‘A‘ooo 400¢0 ¢0¢o‘

-10 -8 -6 -4 -2 0 2 4 6 8 10
Viewing angle (degree)

Luminance (nit)

Viewing angle (degree)

(2 6) AIEFA 3D C|AZe (019 HEE 2l L2t

she A ARl A AR
Sk AN AB TS Y RE B
AREIL, S oA AR ol AR ot %
FH5o] WP A 94T, ok A st 2
712 40l JPRE B9 A e 5D A 2l
B0 el atiol srlel, 4ok Yy A 4
ol sltsiel 31 S o 2]y

A HeH (L

1 Display panel

%wage signal output for each ray direction

Left eye ®

@ Right eye

/ E \ / é \_ blending weight

Merged luminance profile at eye position

(a2 7) 3D Tl IR AE NS 9ot 71ER| Xt

EE

rixi2stalx 20233 201



‘ 00O »»»ox

o] Z-F AlEdloldd ARAEATE 10,141
79 2.26%C14 1.93% 439131, 31.5
YE] 75 5.34%11 4 4.23%= {H43i9lt,

ol

i

=

3. AIAE O[O} of3t SHIEER

A I 3D YAAelel B8 Bl AR 4
2} bl 3k 3] 9l UAZEOR BB b
FE/IS 4G, ) 3P 70K Y B o

o Aol % o171
= R IA)H Bhee ARsHs H

- i =
7k A} QIaL Bl v 52 )le] T, o]

gk 912 @ab= A FAE ALl o3k 3D #lv ] 2
o] o= & Hrojr]o] A|HAs ARAE o5} o] FARS
27| Ho}, o]gt AR AEL A48 9] FlolE A9} 317

Al
|

AALE] F2]Q) A7)o) wlF|ste] Srtelct, Ed] AlE-
HUD®| Z-§- 2] Zl& 5ol &Js) HUDef digt 27414
o] At 91A|= A WA ek

3D tl2Zdo] upale M7} 3D T 2BdolS
W), ARAE fo] HA QA O §AFE TS
wekth of ghe laZdolo] Bl A7 wiebulg =
Afgo] Hjid), of g 2A 5] SlaiA: Fadow
Aol sAbEr} ot A Het. % 3D l2Edo] nh
& A7) AABH, 3D GAk) AE SAS BE 4 9
Ak, Al A AR] 2R Aol A 3D 8halo]

Image | AP

transfer T Eye tracker

N

Contents player
X

Viewer scene
—_—

Camera 7

Total

Image transfer

FPGA ¥
3D rendering

3D image
visualization

. Image «
Display  transfer

SEIXIS] X2 T

(ad 8) 7i0l2t YUHRE C|AZ20] £

202 The Magazine of the IEIE

L
>.
5"_=

£

S
i)

>

1o
er
-0,
lo
g

Y

=)

g 2

A Z1AA SR 2E 7 gAE yaEd o2
AL, 71& 7144 HE 225871 CID (Center
Information Display)= thA|=HA AwfelE 283t
HUD S = ;‘g}al:_g_ 1—4/\231]0]9] Oﬂoﬂ EL] §]—_502_E7]_ 374] =
7¥star Qlck B8] AR HUD= 2l AR E A4
o7 AFste] SR WL A AL, Ake
3l LA AL o) v &2 HhAsta 9tk AU AR
HUD7} 93}<: Awa} o] AwWbg] AAS Avfalof
of ShaflA) AR AA Lol Lok JHE F
ik o] BAUZYA Kol & % o] A ob4
sllok 8 FAI7} o] Qi) B3] £ o) A] A 5ol
3D tl2Zelolekis TolA Wyl b HA i
Hox s Auofof gk,

AR Fobd 3D AHAl Uik AR 2 #Ae]

oh 4] 3D HAasd oM BEEE o 24 =
A A= XA Al o] 8L A u| RS oF7|sto],
A AFES HolEes & 2AE oPIE = 3l
=E SR, Zo|EdE YaEde] & QIR Az
FARE 2] 3D HaEdolE WEs At A%
AL QIARE, @A ol A AR HUDS /482t 5171 18]
Az A 2 2030 AEl= 2 flof A Aol
MAE Fe dAB| dotste] bdell ZAITE EA| ¢
7[R e et qloh

I 7 A= AlRE] lolRlAlel] ok ok A5 A9

56



> » b X2 AR Head-up DisplayS 3t 2t D712 52 @ Q @ @ ‘

shzoltt. 3D
@ajo] w2 3D ARAED Z719} UM O Aol
glom, o]t A AR HUD A48 H#gh ul AxES
o] 714 A Wak opet T TRAA, TS o
Zelo] sl 5 shEglole] whalo] Suelojof s, of
of that A A ol AR Algko] Lashet,

SpeL ol BASelE B33 AR HUD7L A%
o 4 9l ek SAa A, dela AeFael
WA g A vlaBdlo] A% Sy o)

7

[40] upe A|anr o o ekl Ao

D23

[1] Mike Firth, "Introduction to Automotive Augmented Reality
Headup Displays using Tl DLP Technology', Texas Instruments
White Paper, 2019.

[2] Y. Takaki and S. Uchida, "Table screen 360degree three—
dimensional display using a small array of highspeed
projectors’, Opt. Express 20(8), 8848.8861, 2012

[3] A. Jones, I. McDowall, H. Yamada, M. Bolas, and P. Debevec,
'Rendering for an interactive 360 light field display", ACM
Trans. Graph. 26(3), 40, 2007

[4] S. Yoshida, "fVisiOn: 360degree viewable glassesfree tabletop
3D display composed of conical screen and modular projector
arrays', Opt. Express 24(12), 13194.13203, 2016

[6IN. Y. Jo, D. Nem, S, Lee, J. Park, and J. H, Park, "Dual—
layer threedimensional display with enhanced resolution”, SID
Symposium Digest of Technical Papers 45, 513516, 2014

[6] D. Suzuki, S. Hayashi, Y. Hyodo, S. Oka, T. Koito, and H.
Sugiyama, "A wide view autostereoscopic 3D display with an
eyetracking system for enhanced horizontal viewing position
and viewing distance”, SID Symposium Digest of Technical
Papers 24, 657.668, 2016

[7]1T. Koito, A. Higashi, T. Kasai, D. Suzuki, Y. Yang, and K.
Takizawa, "High resolution glassless 3D with headtracking
system”, SID Symposium Digest of Technical Papers 45,
580.583, 2014

57

[8]N. A. Dodgson, "On the number of viewing zones required
for headtracked autostereoscopic display", Proc.SPIE 6055,
60550Q, 2006
[9]1K. H. Yoon, M. K. Kang, H. Lee, and S. K. Kim,
"Autostereoscopic 3D display system with dynamic fusion of
the viewing zone under eye tracking: principles, setup, and
evaluation”, Appl. Opt. 57(1), A101.A117, 2018
[10] J. Liu, T. Malzbender, S. Qin, B. Zhang, C. Wu, and J. Davis,
"Dynamic Mapping for Multiview Autostereoscopic Displays',
Proc. SPIE 9391, 939111, 2015

[11]Y. S. Hwang, F. K. Bruder, T. Facke, S. C. Kim, G. Walze,
R. Hagen, and E. S. Kim, "Timesequential autostereoscopic
3D display with a novel directional backlight system based
on volumeholographic optical elements’, Opt. Express 22(8),
08209838, 2014

[12] Z. Zhuang, L. Zhang, P. Surman, S. Guo, B. Cao, Y. Zheng,
and X, W. Sun, "Directional view method for a timesequential
autostereoscopic display with full resolution”, Appl. Opt.
55(28), 7847.7854, 2016

[13] S. Lee, J. Park, J. Heo, B. Kang, D. Kang, H. Hwang, J. H.
Lee, Y. Choi, K. Choi, and D. Nam, "Autostereoscopic 3D
display using directional subpixel rendering’, Opt. Express
26, 20233 20247, 2018

[14] S. Lee, "{Way Directional Subpixel Rendering Method for
Glassesfree 3D Display", Journal of Imaging Science and
Technology, 66(1): 0105071, 0105077, 2022

[15] A. J.Woods, "Crosstalk in stereoscopic displays: a review', J.
Electron. Imaging 21, 4, 2012

[16] S. Lee, "Crosstalk Minimization Method for Eyetracking based

3D Display", Journal of Imaging Science and Technology,

64(6): 0604071, 0604077, 2020

Hxizetsix 20233203



‘ DX=X" X B

+ 2000¥ 29 ATk 7| Al)a-g oy ShAL
« 200241 29 A&THSHL 7| A-g s A AL
« 2007 29 A &THSHL 7| AlS)a-g o kAL
+ 20079 29 ~ 20209 7E AIE Y HEATY
+ 2020 89 ~ 2022 2% hEH AT A HTAHEY
« 202241 39 ~ AR ST s u st
M7FER YAy R4

@l Hopy
3D Display, Image Processing, Computer Vision

204 The Magazine of the IEIE

58



[&4]

+ UAV X[ Cellular—connected A|AEI0| A Position Fingerprint Databases 0|2
gl AlSA, 2%

], U

T
[ SoC Ad#| ]

- PVT 9i810] &1 CIX[ZiAlo® Ik B0| 7K58 OMOS RC 2a17[e] 47
43

S 285 iz 0= it
B, A, A, o] -4, 4, 2hed
T et ueseize |
o .
[ ¥ 2lExd2| ]
- HHEX| 22 ZSIE 2ot DRAHH T|H ASE iHE JIXIX|7| Y
o1, A+, H27]
« Hatah FAE 825t CNN-Transformer WIEYA9| 27t AH| 0fAF RIEH giH
Hsd, B34, 154

59

MAEets(x 2023.3 - 205



—
K
i
OH
J
K
m_.T
J
=)
IH
B L S
0 N =3
| Ko -
m_.__u @o [E] ) ok xr
. vi | .__Ml_ =0 H__.._
ol - O_._._ u
=l | A_ _._.__n
S I :
3l o U B il
~ o D e oK
= W K ~ ol
RO = KO 3 0 N
SIS N 00 _v_a
n & o n o T _L
mo 4 KO iy =< __m_ = hl
D e ur 3l <n K =° H
o X0 o W0 ar
oh o T <l oo = T
) M o L ol ol ~ o
N = AR ~NT
— W Ao 35 P Qg T
T e B o X ST w
K S o 5 Uk = N
ibf _ﬁ_vom W R E — T o 5l oo g <
FomoP B gp g L
mz -~ - o - (o] =T O - - H_._ - o]
wo ™E DB L Rgg o oof L =
R =S e - W z & T
® op X opT JOoow N Qo X O 7 <

60

206 _The Magazine of the IEIE



NP

=& . &AIZE4K UHD 60fpsE st SIEHIN T3l
HE2M 53 YEYT JjHte| YEYIE
JOO, SUNGHWAN - it
gt M= HE : Super—Resolution Hardwére using Novel
Hardware Friendly CNN—based Network for
Real-Time 4K UHD at 60 fps
""" e ”
""" HEuy 20224 2%
...... ﬂgm¢ e e
.............. - CNN, curvature correction, deép learning, filed—

. programmable gate array (FPGA), full—digital
KEY WORD sensor, HW implementation, integrated system,

. real~time, super—resolution, temperature sensor,

. time domain sensor, 4K UHD, 60 fps.

N
:
HO

2%

CNN-based super—resolution (SR) has shown excellent performance in various computer vision
applications, However, because CNN—based SR requires considerable amount of computation and memory
access over a short time, substantial area and power are taken to implement CNN—based SR using
hardware (HW). Hence, it is difficult to implement SR using general—purpose CNN accelerators; thus, HW
optimized for SR is required, In this study, to implement HW optimized for SR, we propose a novel
HW—friendly SR network and efficient implementation methods, In addition, a digital temperature sensor
for solving low power and heat issues is built into the SR HW, and an integrated system is implemented to
manage power through it. The novel SR network achieved high performance in terms of PSNR with few
parameters. In addition, a pre—padding method is proposed that can reduce memory capacity and
controller complexity, We also propose efficient methods to implement HW—friendly SR network using
only the minimum process element (PE) and memory capacity. By optimizing the operation method
through a partial convolution, the number of PEs is reduced, and the pipeline operation is balanced well,
Moreover, the memory capacity required is minimized utilizing dual—port random—access memory and
optimizing address scheduling, The embedded temperature sensor is a highly accurate, fully digital
temperature sensor with a curvature correction scheme. A proposed highly accurate curvature correction
method is that can be used even in the latest technology nodes. The measurement results indicate that the
resolution is 0.09 “C /bit in the temperature range from 0 °C to 100 C. In addition, the temperature error
after curvature correction ranges from —0.6 °C to +0.8 °C. The proposed HW—friendly SR network uses an
extremely small number of parameters with 1.85K, but achieves a PSNR of 36.52 dB for the Set—5
dataset. The proposed HW implementation on FPGA generated 4K ultra—high definition (UHD) images in
real time at 60 fps. The proposed SR HW achieved the least resource and power consumption among
several CNN—based SR HW implementations, In addition, it achieved a higher GOPS/W than existing
CNN-based SR HW and conventional CNN accelerators, Moreover, compared with previous digital
temperature sensors, the embedded temperature sensor achieves the smallest temperature error and uses
the smallest number of hardware resources,
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04.05 - 04.07 (elg%BEZDA;th International Symposium on Quality Electronic Design San Francisco, California, USA https://www.isged.org/
04.07-04.09 ?é)ffn&EoZEy g;’g}?temaﬁona' Conference for Convergence in | | o ja jndia hitps:/fieeepune.i2ctin/
04.08 - 04.09 2852&\ nlquEaEnJ ﬁ}';tv'vgtrir?:;?n”oalggggIg’selfl%e on Communication | g1 ndia hitps/fcsnt.in/
04.11-04.13 iﬁifmgpcgnzfé’gggna' Conference on Trends in Electronios and | 0 oiveii ndia http:/ficoel.com/2023/
04.13-04.16 SoutheastCon 2023 QOrlando, Florida, USA https://ieeesoutheastcon.org/
04.14-04.16 (22(%}335&&; Asia Conference on Power and Electrical Engineering Tianjin, China https:/facpee.net/
04.14-04.16 Egs%s;:ngnheéréaégnal Conference on Control and Robotics Niigata, Japan hitp:wwwiccre.org/
04.14 - 04.16 ig?cﬁfriiﬁzgmgé‘é”)fem”Ce on Image Processing, Blectronics | i ching hitp:/www.acipec.org/
04.14-04.16 (zj(c))rznsrmlJEiEaEtioirsd, lrlwgﬁg%tﬁmgsce?nrg%rig%c;a%%Ellfé?clronic Taichung, Taiwan http://www.iceib.asia/
04.16 - 04.20 igﬁgatlgﬁlagggference on Software Testing, Verification and Dublin, Ireland https://conf.researchr.org/homeficst-2023
04.17-04.20 2023 |EEE International Systems Conference (SysCon) Vancouver, British Columbia, Canada https://ieeesystemscouncil.org/
04.17 - 04.20 i‘;ﬁc'gttfggst('gﬂg'l%mg‘lpgz%m on Technology, Systems and | o, Taiwan hitps:/Jexpo.itr.org.tw/2023VL SITSADAT/
04.17 - 04.21 ﬁl(;iigcLn;ce)[ggytz‘r}a'l‘%onference on Information Technology and Event Format: Virtual http://itnt-conf.org/index.php/en/
04.17-04.18 fv?liiﬂl\ch)EN)Wireless and Microwave Technology Conference Melbourne, Florida, USA https://www.ieeewamicon.org/
04.17-04.19 Egﬁiiitﬁ)ﬁiggﬁ?umma“on & Test in Europe Conference & Antwerp, Belgium https://www.date-conference.com/
04.18-04.20 égﬁ%gggﬁ,\%ﬁéokﬁm International Electrical Insulation Birmingham, United Kingdom https://insucon.org/
04.18 - 04.21 2023 |EEE 16th Pacific Visualization Symposium (PacificVis) Seoul, Korea (South) https://pvis2023.github.io/pvis2023/
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2023 Integrated Communication, Navigation and Surveillance

04.18 - 04.20 Conference (ICNS) Herndon, Virginia, USA https:/fi-cns.org/
04.19-04.21 2023 Wireless Telecommunications Symposium (WTS) Boston, Massachusetts, USA https:/www.cpp.edu/~wtsi/
04.19-04.21 2023 International Symposium on Medical Robotics (ISMR) Atlanta, Georgia, USA https:/fismr.gatech.edu/

. 2023 IEEE Symposium in Low-Power and High-Speed Chips ) .
04.19-04.21 (COOL CHIPS) Tokyo, Japan https://www.coolchips.org/2023/

2023 33rd International Conference Radioelektronika . ) )

04.19 - 04.20 (RADIOELEKTRONIKA) Pardubice, Czech Republic https://www.marew.cz/

2023 International Conference on Power, Instrumentation, Control . . » .
04.19-04.21 and Computing (PICC) Thrissur, India http:/ficetest.gecter.ac.in/picc-2023/
04.19-04.22 2023 IEEE Conference on Technologies for Sustainability Portland, Oregon, USA hitps:/fiece-sustech.org/

(SusTech)

. 2023 |EEE European Technology and Engineering Management . . ) .
04.20 - 04.22 Summit (E-TEMS) Kaunas, Lithuania https://etems.digital/2023/
04.21-04.23 2023 |EEE Region 5 Annual Meeting (R5) Denver, Colorado, USA https://r5conferences.org/

2023 International Conference on Atrtificial Intelligence and . . ) Cr
04.21-04.22 Applications (ICAIA) Alliance Technology Conference (ATCON-1) Bangalore, India https://www.alliance.edu.inficaia-2023/

2023 8th International Conference on Computer and . ) .
04.21-04.23 Communication Systems (ICCCS) Guangzhou, China http://www.icccs.org/

0421045 5%2/\38?)1h International Conference on Applied System Innovation Chiba, Japan htps://2023.icasi-conf net

2023 11th International Conference on Bioinformatics and ) ) . .
04.21-04.23 Computational Biology (ICBCB) Hangzhou, China http://www.icbcb.org/index.html

2023 IEEE International Conference on Contemporary m )
04.21-04.22 Computing and Communications (IC4) Bangalore, India https:/fic4.co.in/

04.22 2023 International Conference on Code Quality (ICCQ) St. Petersburg, Russia https://www.iccq.ru/2023.html
04.23-04.28 2023 |EEE Information Theory Workshop (ITW) Saint-Malo, France https://itw2023.0rg/
https://www.cementconference.org/
04.23-04.27 2023 |EEE-IAS/PCA Cement Industry Conference (IAS/PCA) Dallas, Texas, USA event/9c9cbcec-fc6a-4fa8-alef-
b224d1bc6743/summary
. 2023 |EEE International Symposium on Performance Analysis of . . " )
04.23 - 04.25 Systems and Software (ISPASS) Raleigh, North Carolina, USA https:/fispass.orgfispass2023/
04.23-04.26 2023 |IEEE Custom Integrated Circuits Conference (CICC) San Antonio, Texas, USA https://www.ieee-cicc.org/
04.24-04.27 (ZPOLZEN”SE)EE/ ION Position, Location and Navigation Symposium | oo, Gaiftornia, USA https:/fwww.ion org/plans/index.cfm
2023 |IEEE International Workshop of Electronics, Control,
04.24 - 04.26 Measurement, Signals and their application to Mechatronics Donosti/San Sebastian, Spain https:/www.ecmsm.eu/

(ECMSM)
04.25-04.28 2023 24th International Vacuum Electronics Conference (IVEC) Chengdu, China https:/fivec2023.org/

0425-0427 | 2023 International Conference on Data Science, Edeaming and | py i \ynited Arab Emirates hitps:/fiares net/Conference/DATA2022

Information Systems (Data)

. 2023 8th International Conference on Cloud Computing and Big . ) .
04.26 - 04.28 Data Analytics (ICCCBDA) Chengdu, China http://www.icccbda.com/

2023 1st International Conference on Cognitive Computing and I ) . )

04.27 - 04.29 Engineering Education (ICCCEE) Pune, India https://www.mitadtsoece-iccmr.org/
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04.27 - 04.30 2023 Panda Forum on Power and Energy (PandaFPE) Chengdu, China https://www.pandafpe.org/
04.27 - 04.28 2023 |EEE Kansas Power and Energy Conference (KPEC) Event Format: Virtual https:/www.kpec-ksu.org/
2023 |EEE International Conference on Control, Electronics and o ) .
04.28 - 04.30 Computer Technology (ICCECT) Event Format: Virtual http://www.iccect.com/
2023 |EEE International Conference on Advanced Systems and . ) )
04.29.- 05.01 Emergent Technologies (IC_ASET) Hammamet, Tunisia https://attend.ieee.org/aset/
2023 International Conference on Mechanical, Automotive and R )
04.29 - 04.30 Mechatronics Engineering (ICMAME) Dubai, United Arab Emirates http://icmame.org/
2023 International Conference on Distributed Computing and N » )
0429-0430 | Ejectical Circuits and Electronics (ICDCECE) Balar, India hitps:/ficdcece. in/
»20234 58
2023 IEEE International Conference on Blockchain and o . i, .
05.01-05.04 Cryptocurrency (ICBC) Dubai, United Arab Emirates https:/ficbc2023.ieee-ichc.org/
05.01-05.05 2023 |EEE Radar Conference (RadarConf23) San Antonio, Texas, USA https://radar2023.ieee-radarconf.org/
2023 International Conference on Recent Advances in Electrical, . ) )
0501-0503 | Elocyronics & Digital Healthcare Technologies (REEDCON) New Delhi, India hitps:/freedconjmi com/
. https://semi.org/en/connect/events/
05.01-05.04 2023 34th Annual SEMI Advanced Semiconductor Manufacturing Saratoga Springs, New York, USA advanced-semiconductor-manufacturing-
Conference (ASMC)
conference-asmc
. 2023 IEEE 7th International Conference on Fog and Edge : " .
05.01-05.04 Computing (ICFEC) Bangalore, India http://icfec2023.ontariotechu.ca/
2023 IEEE/ACM 23rd International Symposium on Cluster, Cloud . ) . . )
05.01-05.04 and Interet Computing (CCGrid) Bangalore, India https://ccgrid2023.iisc.ac.in/
05.01-05.04 2023 |EEE Radio and Antenna Days of the Indian Ocean (RADIO) Balaclava, Mauritius http://www.radiosociety.org/radio2023/
2023 IEEE International Symposium on Hardware Oriented ) ) .
05.01-05.04 Security and Trust (HOST) San Jose, California, USA http://www.hostsymposium.org/
05.03 - 05.05 2023 International Interdisciplinary PhD Workshop (/IPhDW) Wismar, Germany https://www.hs-wismar.de/iiphdw-2023
05.03 - 05.04 2023 9th International Conference on Web Research (ICWR) Tehran, Iran https://iranwebconf.ir/
. 2023 26th International Symposium on Design and Diagnostics . . )
05.03 - 05.05 of Electronic Circuits and Systems (DDECS) Tallinn, Estonia https://ddecs2023.taltech.ee/
2023 2nd International Conference on Applied Artificial . ) )
05.04 - 05.06 Intelligence and Computing (ICAAIC) Salem, India http://icaaic.com/2023/
2023 IEEE International Conference on Smart Information e
05.04 - 05.06 Systems and Technologies (SIST) Astana, Kazakhstan https://sist.astanait.edu.kz/
2023 IEEE Vision, Innovation, and Challenges Summit and . https://corporate-gwards.ieee.org/
05.05 | L Atlanta, Georgia, USA event/2023-vic-summit-honors-ceremony-
Honors Ceremony (VIC Summit) gala/
2023 International Conference on Advancement in Computation . I,
05.05 - 05.06 & Computer Technologies (INCACCT) Gharuan, India https:/ficacct-cu.com/
05.05 - 05.06 (2\/(\)/%30?32)nd Wireless and Optical Communications Conference Newark, New Jersey, USA hitp:fwwwwocc.org/
2023 IEEE Long Island Systems, Applications and Technology ) . -
05.05 Conference (LISAT) Old Westbury, New York, USA https:/fwww.ieee.li/lisat/
2023 2nd International Conference on Vision Towards Emerging
05.05 - 05.06 Trends in Communication and Networking Technologies Vellore, India https://vit.ac.in/VITeCoN2023/

(VITECoN)
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2023 IEEE Workshop on Industry and Innovations enabled by A ) .
05.06 Industry 4.0 Technologies (USEI40) San Jose, California, USA http://usei40.org/
2023 1st International Conference on Renewable Solutions
05.06 - 05.08 for Ecosystems: Towards a Sustainable Energy Transition Djelfa, Algeria http:/www.univ-dielfa.dz/icrsetoset/
(ICRSEtoSET)
2023 IEEE 9th Intl Conference on Big Data Security on Cloud
. (BigDataSecurity), IEEE Intl Conference on High Performance http://www.cloud-conf.net/datasec/2023/
05.06-05.08 and Smart Computing, (HPSC) and IEEE Intl Conference on New York, New York, USA index.html
Intelligent Data and Security (IDS)
05.07 - 05.10 2023 |EEE 27th Workshop on Signal and Power Integrity (SPI) Aveiro, Portugal https://spi2023.av.it.pt/
2023 IEEE 31st Annual International Symposium on Field- - .
05.07 - 05.10 Programmable Custom Computing Machines (FCCM) Los Angeles, California, USA https:/www.fccm.org/
2023 IEEE 4th International Conference on Electrical Materials A ) .
05.07 - 05.10 and Power Equipment (ICEMPE) Shanghai, China http://www.icempe.org/
05.07 - 05.12 2023 Conference on Lasers and Electro-Optics (CLEO) San Jose, California, USA https://www.cleoconference.org/home/
NOMS 2023-2023 IEEE/IFIP Network Operations and — . ) )
05.08 - 05.12 Management Symposium Miami, Florida, USA https://noms2023.ieee-noms.org/
. 2023 International Conference on Optical Network Design and . . .
05.08 - 05.11 Modeling (ONDM) Coimbra, Portugal https://ondm2023.inescc.pt/
05.08 - 05.10 fﬁ%ﬁs')EEE 32nd Microelectronics Design & Test Symposium | pyon New York USA hitps:/jmds iese.org/
. 2023 8th International Engineering Conference on Renewable . . )
05.08 - 05.09 Energy & Sustainability (6CRES) Gaza, Palestine http://fengcont.iugaza.edu.ps/
. 2023 IEEE 29th Real-Time and Embedded Technology and . )
05.09 - 05.12 Applications Symposium (RTAS) San Antonio, Texas, USA http://2023.rtas.org/
2023 4th International Conference on Artificial Intelligence, . . .
05.09 - 05.11 Robotics and Control (AIRC) Cairo, Egypt http://www.airc.org/
2023 20th International Conference on Electrical Engineering/
05.09 - 05.12 Electronics, Computer, Telecommunications and Information Nakhon Phanom, Thailand https://ecticon2023.ecticon.org/
Technology (ECTI-CON)
2023 |IEEE/ACM Eighth International Conference on Internet-of- . https://conferences.computer.org/
05.09-0512 | 1ings Design and Implementation (1oTDI) San Antonio, Texas, USA iotDI/2023/
2023 11th Workshop on Modeling and Simulation of Cyber- ' .
05.09 Physical Energy Systems (MSCPES) San Antonio, Texas, USA https://palensky.org/mscpes/2023/
2023 International Conference on Control, Automation and ) .
05.10-05.12 Diagnosis (ICCAD) Rome, ltaly https://www.iccad-conf.com/
. 2023 46th International Spring Seminar on Electronics - ’ I eco
05.10-05.14 Technology (ISSE) Timisoara, Romania https://isse-conf.eu/
2023 3rd International Conference on Computing and Information . ) i
05.10-05.11 Technology (ICCIT) Tabuk, Saudi Arabia https://ut-iccit.org/ICCIT/
05.10- 05.12 (Z?E)DQI%)\EEE International 3D Systems Integration Conference Cork, Ireland hitps://3dic-cont.org/
2023 3rd International Conference on Advance Computing and . I e )
05.12-05.13 Innovative Technologies in Engineering (ICACITE) Greater Noida, India http://icacite.com/index.php
05.12-05.14 2023 9th International Conference on Virtual Reality (ICVR) Xianyang, China http://www.icvr.org/
05.12-05.14 (Zé)éBE(I:E)EE 6th International Electrical and Energy Conference Hefei, China hitps:fwww.cieec. com.cr/
05.12-05.14 | 2023 IEEE 12ih Data Driven Control and Learning Systems | yionian china https://ddcls23 hnust.edu crfindex himl

Conference (DDCLS)
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2023 Intermountain Engineering, Technology and Computing

05.12-05.13 (ETC) Provo, Utah, USA https:/www.uvu.edu/cetfi-etc/
05.14 - 05.20 202.3 ‘EEE/ACM 45th International Conference on Software Melbourne, Australia http://www.icse-conferences.org/
Engineering (ICSE)
2023 IEEE 18th International Conference on Nano/Micro . »
05.14-05.17 Engineered and Molecular Systems (NEMS) Jeju Island, Korea (South) https://ieee-nems2023.0rg/
2023 IEEE/ACM 45th International Conference on Software )
05.14-05.20 Engineering: Software Engineering Education and Training Melbourne, Australia https.//conf.researchr,org/track/\cse-2023/
icse-2023-SEET
(ICSE-SEET)
. 2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: Software Engineering in Society (ICSE-SEIS) Melbourne, Australia icse-2023-SEIS
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: Companion Proceedings (ICSE-Companion) Melbourne, Australia icse-2023-technical-track
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-05.20 Engineering: Software Engineering in Practice (ICSE-SEIP) Melbourne, Australia icse-2023-SEIP
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: New Ideas and Emerging Results (ICSE-NIER) Melbourne, Australia icse-2023-NIER
05.15-05.18 ﬁgﬁD'g)EE International Electric Machines & Drives Conference | g, £rancisco, Calitornia, USA https:/fwwwjemdc. org/
2023 International Conference on Industrial Engineering, . . e ~
05.15-05.19 Applications and Manufacturing (ICIEAM) Sochi, Russia http://icieam.su-ieee.ru/
2023 IEEE International Parallel and Distributed Processing . ) .
05.15-05.19 Symposium (IPDPS) St. Petersburg, Florida, USA http://www.ipdps.org/
05.15-05.17 2023 International Workshop on Antenna Technology (iWAT) Aalborg, Denmark http://iwat2023.org/
. 2023 |EEE Ural-Siberian Conference on Biomedical Engineering, ' . ) e
05.15-05.17 Radioslectronics and Information Technology (USBEREIT) Yekaterinburg, Russia http://usbereit.iecesiberia.org/
05.16-05.19 2023 |[EEE MTT-S International Wireless Symposium (IWS) Qingdao, China http:/www.em-conf.com/iws2023/
. 2023 7th International Conference on Intelligent Computing and — e
05.17-05.19 Control Systems (ICICCS) Madurai, India http://iciccs.com/2023/
05.17 - 05.20 lcEEE lN.FO.COM 2023 - IEEE Conference on Computer New York City, New York, USA https://infocom2023.ieee-infocom.org/
ommunications
05.17 - 05.19 5(():2T30)41h Information Communication Technologies Conference Nanjing, China hitp:/Jwwwicte.netfindex himl
2023 IEEE International Conference on Mobility, Operations, P . -
05.17-05.19 Services and Technologies (MOST) Detroit, Michigan, USA http://ieeemobility.org/
. 2023 International Conference on Communication, Computing . ) )
05.17-05.18 and Digital Systems (C-CODE) Islamabad, Pakistan https://ccode.bahria.edu.pk/
05.17-05.19 2023 Joint Urban Remote Sensing Event (JURSE) Heraklion, Greece http://jurse2023.org/
2023 IEEE Renewable Energy and Sustainable E-Mobility . https://conf.manit.ac.in/resem2023/
05.17-0519 Conference (RESEM) Bhopal, India Important_dates.php
2023 3rd International Conference on Innovative Research in . »
05.18-05.19 Applied Science, Engineering and Technology (IRASET) Mohammedia, Morocco http:/firaset.org/2023/
05.18-05.20 2023 |EEE Intsrnational Conference on Electro Information Romeoville, lllinois, USA http://www.eit-conference.org/eit2023/
Technology (elT)
. 2023 3rd International Conference on Advances in Computing, o\ https://sites.google.com/adishankara.ac.in/
05.18-05.20 Communication, Embedded and Secure Systems (ACCESS) Event Format: Virtual access-237pli=1
05.18- 05.19 2023 8th International Conference on Business and Industrial Bangkok, Thailand hitps:/ficoitni.ac.th/

Research (ICBIR)
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2023 IEEE IAS Global Conference on Emerging Technologies

05.19-05.21 (GlobConET) Warsaw, Poland https://www.globconet.org/
2023 International Conference on Control, Communication and . ) » )

05.19-05.21 Computing (ICCC) Thiruvananthapuram, India http:/ficcc2023.cet.ac.in/
2023 5th International Conference on Intelligent Control, . ) )

05.19-05.21 Measurement and Signal Processing (ICMSP) Chengdu, China http:/fwww.icmsp.net/
IEEE INFOCOM 2023 - IEEE Conference on Computer m .

05.20 Communications Workshops (INFOCOM WKSHPS) Hoboken, New Jersey, USA https://infocom2023.ieee-infocom.org/
05.20- 05.22 2023 35th Chinese Control and Decision Conference (CCDC) Yichang, China http://www.ccdc.neu.edu.cn/
05.21-05.24 2023 |EEE International Memory Workshop (IMW) Monterey, California, USA https:/www.ewh.ieee.org/soc/eds/imw/

2023 IEEE 3rd International Maghreb Meeting of the Conference
05.21-05.23 on Sciences and Techniques of Automatic Control and Computer Benghazi, Libya https://mista-con.org/
Engineering (MI-STA)
2023 |EEE/IAS 59th Industrial and Commercial Power Systems https://site.ieee.org/ias-icps/2023-
05.21-05.25 Technical Conference (I&CPS) Las Vegas, Nevada, USA conference/
05.21-05.25 2023 IEEE International Conference on Plasma Science (ICOPS) Santa Fe, New Mexico, USA i:t(tjz):(//rﬁ;?-evems.unm.edu/|cop52023/
05.21-05.25 2023 IEEE Symposium on Security and Privacy (SP) San Francisco, California, USA https://www.ieee-security.org/TC/SP2023/
05.21- 05.25 5‘;%1'SEEE International Symposium on Circuits and Systems |y oo calfornia, USA hitps:/iscas2023.0rg/
05.92 - 05.25 fg?g)lEEE PES GTD International Conference and Exposition Istanbul, Turkey hitps:fiece-gtd.org/
2023 24th International Conference on the Computation of .
05.22 - 05.26 Electromagnetic Fields (COMPUMAG) Kyoto, Japan https:/www.compumag2023.com/content/
05.22 - 05.26 2023 46th MIPRO ICT and Electronics Convention (MIPRO) Opatija, Croatia http:/www.mipro.hr/
05.22 - 05.26 fgﬁ?%SL)JRSI International Symposium on Electromagnetic Theory Vancouver, British Columbia, Canada https://www.emts2023.0rg/
2023 11th International Conference on Power Electronics and . ) .
05.22-05.25 ECCE Asia (ICPE 2023 - ECCE Asia) Jeju Island, Korea (South) https://www.icpe-conf.org/
2023 |EEE International Instrumentation and Measurement . m Lo
05.22-05.25 Technology Conference (I2MTC) Kuala Lumpur, Malaysia https://i2mtc2023.ieee-ims.org/
2023 |EEE 53rd International Symposium on Multiple-Valued ) .
05.22 - 05.24 Logic (ISMVL) Matsue, Japan https://mvl.jpn.org/ISMVL2023/
2023 |EEE International Interconnect Technology Conference
05.22 - 05.25 (IITC) and IEEE Materials for Advanced Metallization Conference Dresden, Germany https:/fiitc-conference.org/
(MAM)(IITC/MAM)
05.22 - 05.26 2023 |EEE European Test Symposium (ETS) Venezia, ltaly https://cas.polito.it/ETS23/
. 2023 IEEE 17th International Symposium on Applied . ) ) - )
05.23 - 05.26 Computational Intelligence and Informatics (SACI) Timisoara, Romania http://conf.uni-obuda.hu/saci2023/
2023 XIX International Scientific Technical Conference g .
05.23-05.25 Alternating Current Electric Drives (ACED) Event Format: Virtual https://aced2023.ru/
. 2023 26th International Conference on Computer Supported , . . )
05.24 - 05.26 Cooperative Work in Design (CSCWD) Rio de Janeiro, Brazil http://2023.cscwd.org/
05.24 - 05.26 2023 24th International Radar Symposium (IRS) Berlin, Germany https://www.dgon-irs.org/home/
05.24 - 05.96 2023 23rq International Scientific Conference on Electric Power Brno, Czech Republic hitp:fwww.epe-conference.euf
Engineering (EPE)
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05.24 - 05.96 2023 XXVI International Conference on Soft Computing and Saint Petersburg, Russia https://etu.ru/en/university/conferences/
Measurements (SCM) scm2023
05.25 - 05.26 2023 Smart City Symposium Prague (SCSP) Prague, Czech Republic https://akce.fd.cvut.cz/en/scsp2023
2023 6th International Conference on Artificial Intelligence and . ) L
05.26 - 05.29 Big Data (ICAIBD) Chengdu, China http://www.icaibd.org/
2023 2nd International Conference on Innovations and . .
05260528 Development of Information Technologies and Robotics (IDITR) Chengdu, China https://iditr.org/
2023 |EEE 3rd International Conference on Electronic . ) L
05.26-05.28 Technology, Communication and Information (ICETCI) Changehun, China hitp:/fwwwicetci.org/
2023 IEEE 3rd International Conference on Information . . ) "
05.26-05.28 Technology, Big Data and Artificial Intelligence (ICIBA) Chongaing, China hitp:/fwwwiciba.org/
2023 International Conference on Microwave, Optical, and . https://www.iitbbs.ac.in/conference/
05.26-0528 Communication Engineering (ICMOCE) Bhubaneswar, India icmoce-2023/
05.26 - 05.28 ﬁl?l%)SE?)th International Conference for Emerging Technology Belgau, India hitp:fwwwincet.org/
2023 17th International Conference on Engineering of Modern . ) . .
05.26 - 05.27 Electric Systems (EMES) Oradea, Romania http://www.icemes.uoradea.roficemes2023/
2023 Third International Conference on Secure Cyber Computing . ) e
05.26 - 05.28 and Communication (ICSCCC) Jalandhar, India https://www.nitj.ac.inficsccc2023/
2023 IEEE International Conference on Communications https://icc2023.ieee-icc.org/authors/call-
05:28-0601 | \orkshops (10C Workshops) Fome. fely workshop-papers
05.28 - 06.01 ICC 2023 - IEEE International Conference on Communications Rome, ltaly https:/ficc2023.ieee-icc.org/
. 2023 IEEE International Workshop on Metrology for Living . . .
05.29 - 05.31 Environment (MetroLivEny) Milano, ltaly https://www.metrolivenv.org/
05.29 - 06.02 S%ZRSAI)EEE International Conference on Robotics and Automation London, United Kingdom hitps:/fwww.icra2023.0rg/
. 2023 Wave Electronics and its Application in Information and . http://media-publisher.ru/en/about-
05.29-06.02 Telecommunication Systems (WECONF) St. Petersburg, Russia weconf-2023/
2023 IEEE/ACIS 21st International Conference on Software . https://acisinternational.org/conferences/
05.29-05.31 Engineering Research, Management and Applications (SERA) Orlando, Florida, USA sera-2023/
2023 IEEE 73rd Electronic Components and Technology . .
05.29 - 06.03 Conference (ECTC) Orlando, Florida, USA https://www.ectc.net/
05.29 - 05.31 (22?\]3500mmg Innovation in Consumer Technologies Conference Novi Sad, Serbia hitps:fwww.gozinc.org/
2023 22nd IEEE Intersociety Conference on Thermal and . ) .
05.30-06.02 Thermomechanical Phenomena in Electronic Systems (ITherm) Orlando, Florida, USA hitp:/fwww ieee-itherm.net/
05.31-06.02 2023 American Control Conference (ACC) San Diego, California, USA https:/lacc2023.a2c2.org/
. 2023 International Conference on Engineering, Science and m
05.31-06.01 Advanced Technology (ICESAT) Mosul, Irag https://icesat.org/
05.31-06.02 2023 Prognostics and Health Management Conference (PHM) Paris, France http://www.phmice.org/
n20234 6
2023 8th International Conference on Communication and . . »
06.01. - 06.03. Electronics Systems (ICCES) Coimbatore, India http://icoecs.org/2023/
2023 |EEE International Conference on Predictive Control of . )
06.01. - 06.04. Electrical Drives and Power Electronics (PRECEDE) Wuhan, China http://www.precede2023.com/
2023 9th International Conference on Engineering, Applied - m .
06.01. - 06.04. Sciences, and Technology (ICEAST) Vientiane, Laos https:/ficeast.kmitl.ac.th/2023/
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2023 IEEE 5th Eurasia Conference on Biomedical Engineering,

06.02. - 06.04. Healthcare and Sustainability (ECBIOS) Tainan, Taiwan https://www.ecbios.asia/
06.04. - 06.08. (ZV(\)”%?%E)EE Wireless Power Technology Conference and Expo San Diego, California, USA hitps:/fiece-wptce.org/
. 2023 6th International Conference on Engineering Technology Nai "
06.04. - 06.05. and its Applications (ICETA) Al-Najaf, Iragq hitps:/fiiceta.com/
06.04. - 06.09. 2023 |EEE Magnetic Society Summer School (MSSS) Bari, ltaly https://ieeemagnetics.org/
06.04. - 06.07. 2023 11th International Conference on Smart Grid (icSmartGrid) Paris, France B;}L%éi%ﬁﬁ icsmartgrid.com/index.
06.04. - 06.07. 2023 IEEE Intelligent Vehicles Symposium (1V) Anchorage, Alaska, USA https://2023.ieee-iv.org/
ICASSP 2023 - 2023 |EEE International Conference on Acoustics, ) Lo
06.04. - 06.10. Speech and Signal Processing (ICASSP) Rhodes Island, Greece https://2023.ieeeicassp.org/
06.05. - 06.08. OCEANS 2023 - Limerick Limerick, Ireland https://limerick23.oceansconference.org/
2023 |EEE 24th International Conference on High Performance . ) )
06.05. - 06.07. Switching and Routing (HPSR) Albuguerque, New Mexico, USA https://hpsr2023.ieee-hpsr.org/
06.05. - 06.07. 2023 33rd ACM Great Lakes Symposium on VLS| (GLSVLSI) Knoxville, Tennessee, USA http://www.glsvisi.org/
06.05. - 06.09. 2023 Days on Diffraction (DD) Event Format: Virtual http://www.pdmi.ras.ru/~dd/
2023 |EEE International Conference on Advanced Robotics and . ",
06.05. - 06.07. lts Social Impacts (ARSO) Berlin, Germany https://ieee-arso.org/
06.05. - 06.06. 2023 IEEE Conference on Artificial Intelligence (CAI) Santa Clara, California, USA https://cai.ieee.org/2023/
2023 |EEE International Conference on Prognostics and Health .
06.05. - 06.07. Management (ICPHM) Montreal, Quebec, Canada https://phmconf.org/
. 2023 |EEE International Workshop on Metrology for Industry 4.0 . . . .
06.06. - 06.08. & IoT (Metrolnd4.08loT) Brescia, Italy https://www.metroind40iot.org/
2023 |EEE International Conference on Environment and
06.06. - 06.09. Electrical Engineering and 2023 IEEE Industrial and Commercial Madrid, Spain https://www.eeeic.net/
Power Systems Europe (EEEIC / I&CPS Europe)
06.06. - 06.09. 2023 International Conference on Unmanned Aircraft Systems Warsaw, Poland http://www.uasconferences.com/20237
(ICUAS) icuas/
2023 Joint European Conference on Networks and .
06.06. - 06.09. Communications & 6G Summit (EUCNC/6G Summit) Gothenburg, Sweden https://www.eucnc.eu/
06.06. - 06.09. 2023 24th International Conference on Process Control (PC) Strbske Pleso, Slovakia https://www.process-control.sk/
06.06. - 06.10. (2,\(/)|E3C(1)§th Mediterranean Conference on Embedded Computing Budva, Montenegro https://mecoconference.me/meco2023/
06.06. - 06.08. é(?\‘ESSSI)ntemat\onal Conference on Localization and GNSS (ICL- Castellén, Spain https:/fevents.tuni.fi/icl-gnss2023/
2023 10th International Conference on Recent Advances in Air .
06.07. - 06.09. and Space Technologies (RAST) Istanbul, Turkey https://www.rast.org.tr/
06.07. - 06.10. 2023 |EEE World Al loT Congress (AlloT) Event Format: Virtual https://worldaiiotcongress.org/
2023 11th International Conference on Thermal Equipment, . .
06.08. - 06.10. Renewable Energy and Rural Development (TE-RE-RD) Bucharest, Romania https://www.tererd.upb.ro/
06.08. - 06.10. (2882138\)EEE Sustainable Smart Lighting World Conference & Expo Mumbai, India hitps:fiesesmartightingworld.org/
. 2023 5th International Congress on Human-Computer )
06.08.- 06.10. Interaction, Optimization and Robotic Applications (HORA) Istanbul, Turkey hitp:/jwww horacongress.com/
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2023 9th International Workshop on Advances in Sensors and

https://mclabservices.di.uniromal.it/

06.08. - 06.09. Interfaces (IWASI) Monapoli (Bari), taly iwasi/2023/aimsandscope.php
2023 IEEE 14th International Symposium on Power Electronics A ) .. .
06.09. - 06.12. for Distributed Generation Systems (PEDG) Shanghai, China http://www.ieee-pedg2023.org/index.html
2023 International Conference on Advanced & Global . . ) )
06.09. - 06.10. Engineering Challenges (AGEC) Surampalem, Kakinada, India http://aec.edu.in/agec/
2023 17th International Conference on Engineering of Modern . ) . .
06.09. - 06.10. Electric Systems (EMES) Oradea, Romania http://www.icemes.uoradea.roficemes2023/
2023 9th International Symposium on System Security, Safety, . ;"
06.10.-06.11. and Reliability (ISSSR) Hangzhou, China https:/fisssr23.techconf.org/
06.11. - 06.13. (ZF?IEISC)IEEE Radio Frequency Integrated Circuits Symposium San Diego, California, USA hitps:/Ific-ieee.org/
06.11.-06.15. 2023 |EEE IAS Pulp and Paper Industry Conference (PPIC) Spokane, Washington, USA https://www.pulppaper.org/about/ppic-info/
2023 XXIX International Conference on Information, . . »
06.11.-06.14. Communication and Automation Technologies (ICAT) Sarajevo, Bosnia and Herzegovina https://icat.etf.unsa.ba/
. 2023 IEEE Symposium on VLSI Technology and Circuits (VLSI ) . .
06.11.-06.16. Technology and Circuits) Kyoto, Japan https://www.visisymposium.org/
2023 |EEE 5th International Conference on Artificial Intelligence . ) .
06.11.-06.13. Circuits and Systems (AICAS) Hangzhou, China http://www.aicas2023.org/
06.11.-06.16. 2023 IEEE/MTT-S International Microwave Symposium - IMS 2023 San Diego, California, USA https:/fims-ieee.org/
2023 International Conference on Advancements in Nuclear
06.12. - 06.16. Instrumentation Measurement Methods and their Applications Viareggio/Pisa, Italy https://animma.com/
(ANIMMA)
06.12.-06.14. 2023 24th International Carpathian Control Conference (ICCC) Miskolc-Szilvasvérad, Hungary http://mazsola.iit.uni-miskolc.huficcc2023/
06.12.- 06.15. (2255) 12th Asia-Paific International Conference on Lightning | | e Malaysia hitps://attend.ieee.org/apl-2023/
06.12.-06.14. 2023 International Conference on Future Energy Solutions (FES) Vaasa, Finland https://sites.uwasa.fi/fes2023/
2023 IEEE International Conference on Computational
06.12.-06.14. Intelligence and Virtual Environments for Measurement Systems Gammarth, Tunisia https://civemsa2023.ieee-ims.org/
and Applications (CIVEMSA)
2023 |EEE 24th International Symposium on a World of Wireless, https://coe.northeastern.edu/Groups/
06.12.-06.15. | \1opile and Multimedia Networks (WoWMoM) Boston, Massachusetts, USA Wowmomz2023/
06.12. - 06.15. 2023 Photonics North (PN) Montreal, Quebec, Canada https://www.photonicsnorth.com/en
2023 Multimedia Innovation and Digital Humanities International " )
06.13. - 06.14. Conference (MIDHIC) Event Format: Virtual http://smmtc.uum.edu.my/MIDHIC2022
06.13.-06.16. 2023 European Control Conference (ECC) Bucharest, Romania https://ecc23.euca-ecc.org/
06.13. - 06.15. 2023 IEEE International Conference on RFID (RFID) Seattle, Washington, USA https://2023.ieee-rfid.org/
2023 32nd Annual Conference of the European Association for . )
06.14. - 06.16. Education in Electrical and Information Engineering (EAEEIE) Eindhoven, Netherlands https:/ffontys.nl/EAEEIE-2023.htm
2023 8th International Conference on Models and Technologies I .
06.14. - 06.16. for Intelligent Transportation Systems (MT-TS) Nice, France https://mt-its2023.eurecom.fr/
2023 |IEEE International Symposium on Medical Measurements . ) .
06.14. - 06.16. and Applications (MeMeA) Jeju, Korea (South) https://memea2023.ieee-ims.org/
06.14. - 06.16. 2023 International Conference on Sustainable Computing and Event Format: Virtual hitp:ficscss.com/

Smart Systems (ICSCSS)
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2023 |EEE 17th International Conference on Compatibility, Power

06.14. - 06.16. Electronios and Power Engineering (CPE-POWERENG) Tallinn, Estonia https://taltech.ee/en/cpe-powereng2023
06.14. - 06.16. égitse $EEEHL”§?aaQ?;§:HZV(EfA(§éjm on Broadband Multimedia | gejing hing https:/fwwnw bmsb2023 comjindex himl
06.14. - 06.16. 2023 AIAA/IEEE Electric Aircraft Technologies Symposium (EATS) San Diego, California, USA gggz?r/éwww-aiaﬁ.Org/aviaﬂon/presemationS-
06.15. - 06.16. é%ifer';ii g’\xlfgnﬁ%)i” Engineering International Leadership | ga pjego Galifornia, USA hitps:/fieee-wie-ilc.org/

2023 5th International Conference on Energy, Power and
06.15.-06.17. Environment: Towards Flexible Green Energy Technologies Shillong, India http://nitm.ac.in/icepe2023/

(ICEPE)
06.16. - 06.23 égfﬁ;fgﬁ@gs'\)" 31st International Symposium on Quality of | 0y, Fierida, USA hitps:/iwqos2023.eee-iwdos.org/
06.16. - 06.18. 5&2:';82'2)B}ig%g&igﬂ?gigﬁ;ﬁ gcvl(;lgligem Computing and Chongging, China http://www.icwoc.org/
06.16. - 06.19. ‘Zr](iiﬁiglr;tr?égitlwgﬁg?nference Automatics, Robotics and Artificial Sozopol, Bulgaria Qéa%ﬁ{)i:@ge rsity.tu-sofia.bg/e-

06.16 ?ﬁ;%é?mt ARFTG Microwave Measurement Conference San Diego, California, USA https://www.arftg.org/

06.16 ﬁzifmle\/dizéﬁég?g;cir,w\f;lu%’)\‘r}f;arenoe on Neural Networks and Saint Petersburg, Russia :tetfrzzégégu/en/universw’ty/conferences/
06.16.-0617. | a0 “nr;ﬁ;”ggfnﬁmog'(‘fg\?ggf on Applied Intelligence and | o4 jndia https:/icaisc.n/

06.17. - 06.24. égigglﬁggr/](zg\%%nference on Computer Vision and Pattern Co\umk\)/i:, ncgnc;gav er, British hitps:/fcvpr thecv.com/

06.17 ﬁ]{igltls‘_gIEnEtES;r;im:t(iggAgg;ference on Automatic Control and Shah Alam, Malaysia nggz%/éﬁi:t?s.goog\e.com/view/i2cacis/
06.17.-06.21. é%ifp Lﬁecr“f\/r Liﬁgci?éh(lé\gx)“a‘ International Symposium on | 1,46 Fiorida, USA hitps:/fiscaconf.orgfisca2023
06.18.-06.21. égiﬁgl)E EE 97th Vehioular Technology Conference (VTC2023- Florence, Italy https://events.vtsociety.org/vtc2023-spring/
06.18.-06.19. ig23[)'igi?;ztgogiggggle(n?gﬁ)on Sustaining Heritage: Innovative Event Format: Virtual https://heritage.uob.edu.bh/

06.19. - 06.22. igrzoas;‘)ECEeE(l\}lgtt:) Ag:gggztci:; al Warkshap on Metrology for Milan, Italy https://www.metroaerospace.org/
06.19. - 06.23. é%?qspdg:]gra\?\}g&él) Wireless Communications and Mobile Marrakesh, Morocco https:/fiwcmc.org/2023/
06.19. - 06.22. ﬁgﬁfe f‘geoc\t':’c‘)’:‘cs:?v‘\’/gp%eC"OChemica‘ Energy Conversionand |\ ik Norway rg:egs_a/llriliwngﬁiﬂs:)a_rélrlw(ifIlé?c?%zciSe/ri?czag\:
energy
06.19.-06.21. 2023 27th International Conference Electronics Palanga, Lithuania http://electronicsconf ktu.edu/index.php/elc
06.19. - 06.23. ggﬁﬁagjgn ?&Ztslgfif rnational Conference on Network Madrid, Spain https://netsoft2023.ieee-netsoft.org/
06.20. - 06.23. %é)czhsngfgg:gé‘e(g;‘tﬁi') Conference on Smart and Sustainable | qopy) Groatia hitps://2023 splitech.orgihome
06.20. - 06.23. %Sffnglgge'sb(ecﬂig%)Conference on Information Systems and | s i Portygal http:/cisti.eufindex.phplen/
06.20. - 06.22. 2023 IEEE Conference on Innovation Management (INNOCONF) Los Angeles, California, USA https://2023.innoconf.org/
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2023 15th International Conference on Quality of Multimedia

06.20. - 06.22. Experience (QOMEX) Ghent, Belgium https://sites.google.com/view/qomex2023
06.21 - 06.23. 5%3)\EEE Transportation Electrification Conference & Expo Detroit, Michigan, USA https:/ftec-cont.com/
2023 IEEE Cognitive Communications for Aerospace . .
06.21. - 06.22. Applications Workshop (CCAAW) Cleveland, Ohio, USA https://ieee-ccaa.com/
2023 19th International Conference on Wireless and Mobile ) . )
06.21. - 06.23. Computing, Networking and Communications (WiMob) Montreal, Quebec, Canada http://www.wimob.org/wimob2023/
06.21.-06.23. 2023 |EEE 25th Conference on Business Informatics (CBI) Prague, Czech Republic https://cbi2023.org/index.php
. 2023 IEEE 36th International Symposium on Computer-Based A . g
06.22. - 06.24. Medical Systems (CBMS) L'Aquila, ltaly https://2023.cbms-conference.org/
06.22. - 06.23. 2023 IEEE 7th Portuguese Meeting on Bioengineering (ENBENG) Porto, Portugal http://fembs.ieee-pt.org/7th-enbeng-2023/
2023 |IEEE/ACIS 23rd International Conference on Computer and i https://acisinternational.org/conferences/
06.23.-06.25. Information Science (ICIS) Wux, China icis-2023/
06.24. - 06.29. 20.23 38th Annual ACM/IEEE Symposium on Logic in Computer Boston, Massachusetts, USA https://lics.siglog.org/lics23/
Science (LICS)
06.25. - 06.30. 2023 |EEE International Symposium on Information Theory (ISIT) Taipei, Taiwan https:/fisit2023.org/
2023 30th International Symposium on Discharges and Electrical . e .
06.25. - 06.30. Insulation in Vacuum (ISDEIV) Okinawa, Japan http://isdeiv2023.w3 kanazawa-u.ac.jp/
06.25. - 06.29. 2023 IEEE Belgrade PowerTech Belgrade, Serbia https://powertech2023.com/
06.25. - 06.29. 2023 |EEE Pulsed Power Conference (PPC) San Antonio, Texas, USA http://www.ppc2023.org/
06.25. - 06.28. 2023 20th International Conference on Ubiquitous Robots (UR) Honolulu, Hawalii, USA https://2023.ubiquitousrobots.org/
2023 International Forum on MPSoC for Software-Defined .
06.25. - 06.30. Hardware (MPSoC) Helena, Montana, USA http://mpsoc-forum.org/
06.25. - 06.28. 2023 Device Research Conference (DRC) Santa Barbara, California, USA https:/Awww.mrs.org/drc-2023
2023 22nd International Conference on Solid-State Sensors, .
06.25. - 06.29. Actuators and Microsystems (Transducers) Kyoto, Japan https://www.transducers2023.org/
2023 IEEE 24th Workshop on Control and Modeling for Power . m
06.25. - 06.28. Electronics (COMPEL) Ann Arbor, Michigan, USA https://ieee-compel.org/
. 2023 |EEE 47th Annual Computers, Software, and Applications . i
06.26. - 06.30. Conference (COMPSAC) Torino, ltaly https://ieeecompsac.computer.org/2023/
. 2023 IEEE International Conference on Metaverse Computing, . .
06.26. - 06.28. Networking and Applications (MetaCorm) Kyoto, Japan https://www.ieee-metacom.org/2023/
06.26. - 06.28. 2023 21st IEEE Interregional NEWCAS Conference (NEWCAS) Edinburgh, United Kingdom https://2023.ieee-newcas.org/
2023 Conference on Lasers and Electro-Optics Europe &
06.26. - 06.30. European Quantum Electronics Conference (CLEO/Europe- Munich, Germany https://www.cleoeurope.org/
EQEC)
2023 IEEE International Conference on Smart Computing . ) . .
06.26. - 06.30. (SMARTCOMP) Nashville, Tennessee, USA https://smartcomp.isis.vanderbilt.edu/
06.26. - 06.30. 2023 Radiation and Scattering of Electromagnetic Waves Divnomorskoe, Russia http://rsemw.sfedu.ru/
(RSEMW)
06.26. - 06.27. (28513_‘8;1 ina Semiconductor Technology International Conference Shanghai, China https://www.semiconchina.org/en/5
06.26.-0.20, | 2028 IEEE 11ih International Conference on Healthcare |y 0 Toyas, Usa https:/iessichi github. ol CHI2023/

Informatics (ICHI)
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06.26. - 06.30. 2023 ACM/IEEE Joint Conference on Digital Libraries (JCDL) Santa Fe, New Mexico, USA https://2023.jcdl.org/
2023 53rd Annual IEEE/IFIP International Conference on .
06.27. - 06.30. Dependable Systems and Networks (DSN) Porto, Portugal https://dsn2023.dei.uc.pt/
2023 30th International Conference on Systems, Signals and . . e
06.27. - 06.29. Image Processing (IWSSIP) Ohrid, Macedonia http://iwssip.feit.ukim.edu.mk/
06.27. - 06.30. fff;ogs)th International Conference on Information Fusion | oy o0 South Carolina, USA hitps:/lwwiw.fusion2022.se/
2023 |EEE MTT-S International Conference on Numerical
06.28. - 06.30. Electromagnetic and Multiphysics Modeling and Optimization Winnipeg, Manitoba, Canada https://nemo-ieee.org/
(NEMO)
2023 IEEE/ASME International Conference on Advanced . e
06.28. - 06.30. Inteligent Mechatronics (AIM) Seattle, Washington, USA http://aim2023.org/
. 2023 IEEE International Conference on Enabling Technologies: ) http://www.olab-dynamics.net/wetice2023/
06.28. - 07.01. Infrastructure for Collaborative Enterprises (WETICE) Paris, France index.html
06.98. - 06.30. 2023 |EEE Intgmaﬂonal Workshop on Metrology for Automotive Modena, Italy hitps:fwww.metroautomotive.org/
(MetroAutomotive)
. 2023 Systems of Signal Synchronization, Generating and ) http://media-publisher.ru/en/about-
06.28. - 06.30. Processing in Telecommunications (SYNCHROINFO) Pskov, Russia synchroinfo-2023/
2023 12th International Conference on Modern Circuits and ) )
06.28. - 06.30. Systems Technologies (MOCAST) Athens, Greece http://mocast.physics.auth.gr/
2023 Power Quality and Electromagnetic Compatibility at Low . ’ )
06.28. - 06.30. Frequency (PQEMC-LF) Craiova, Romania http://pgemc-If.ucv.ro/
06.29. - 06.30. 5(53 19th International Conference on Intelligent Environments Uniciti, Mauritius hitps://le2023 mdxmru.com/
2023 15th International Conference on Electronics, Computers . ) .
06.29. - 06.30. and Artificial Intelligence (ECA) Bucharest, Romania https://ecai.ro/
2023 |EEE 24th International Conference of Young Professionals . . . S
06.29. - 07.03. in Electron Devices and Materials (EDM) Novosibirsk, Russia https://edm.ieeesiberia.org/
2023 18th Conference on Electrical Machines, Drives and Power . .
06.29. - 07.01. Systems (ELMA) Varna, Bulgaria https://elma.tu-varna.bg/
2023 58th International Scientific Conference on Information, ) . m
06.29. - 07.01. Communication and Energy Systems and Technologies (ICEST) Nis, Serbia hitps:/ficestcont.org/
06.30. - 07.03. 2023 Sixth International Symposium on Computer, Consumer and Taichung, Taiwan hitp:/fis3c2023 ncuteecs.org/
Control (IS3C)
n20234 78
07.01.-07.08. | 2023 IEEE World Congress on Services (SERVICES) Chicago, llinois, USA https://conferences.computar.org/
services/2023/
2023 IEEE 10th International Conference on Cyber Security
07.01.-07.03. and Cloud Computing (CSCloud)/2023 IEEE 9th International Xiangtan, Hunan, China http://www.cloud-conf.org/cscloud/2023/
Conference on Edge Computing and Scalable Cloud (EdgeCom)
07.02. - 07.06. 2023 Opto-Electronics and Communications Conference (OECC) Shanghai, China http://oecc2023.com/
07.02. - 07.05. 2023 |IEEE Congress on Evolutionary Computation (CEC) Chicago, lllinois, USA https://2023.ieee-cec.org/
07.02.-07.05. | 2023 IEEE Statistical Signal Processing Workshop (SSP) Hanol, Vietnam msz//WWW'SSpZO%"’rg/ about_SSP2023.
07.02.-07.05. (%\?/il?\)l(l)E)EE 23rd International Conference on Nanotechnology Jeju City, Korea (South) hitps://2023.ieeenanc.org/
07.03. - 07.05. 2023 |EEE _Petro\eum and Chemical Industry Conference Brasil Rio de Janeiro, Brazil hitps:/fwww.eee.org.brfpcicbr/
(PCIC Brasil)
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2023 IEEE 8th European Symposium on Security and Privacy

07.08.-07.07. (EuroS&P) Delft, Netherlands https://www.ieee-security.org/
07.03.-07.05. S%aTSSiTth International Workshop on Mobile Terahertz Systems Bonn, Germany hitp:fwww.jwmts.org/
07.03. - 07.06. fﬂ%izgiﬁgnltliaghlﬂr;ternational Conference on Mobile Data Singapore, Singapore https://mdmconferences.org/mdm2023/
07.03. - 07.06. ﬁ?ﬁ%ﬁi&i”Fﬁéﬂ?gﬁg.aési?;gféﬁ)”Ce on Control, Decision and | g0 hitp:/lcodit2023.com/
07.03. - 07.05. 2023 IEEE Latin American Electron Devices Conference (LAEDC) Puebla, Mexico https://attend.ieee.org/laedc-2023/
07.03.-07.06. (2PO|EI;SF)’h0tonics & Electromagnetics Research Symposium Prague, Czech Republic https://prague2023.piers.org/
07.04. - 07.07. 2(3/553 rITESE(EI C15};?18)\ntemat'\onal Conference on Pattern Recognition Guayaquil, Ecuador hitp:wwwicprs.org/
07.04.-07.07. é?j;aigtgn:ijeéC.‘acizn(in_gEs)hOp on Active-Matrix Flatpanel Kyoto, Japan http://www.amfpd.jp/
07.04.-07.07. ES{ZUSreF'\?;J&?Eg}lg&irgftional Conference on Ubiquitous and Paris, France hitps:/ficufn org/
07.05. - 07.07. égiw:z)ufaitf\'gia\l %ilr:%lri Eggilne%ﬁr?g;eArsglfc?atings &%ﬁxes in Zouk Mosbeh, Lebanon https:/www.ndu.edu.lb/actea/home
07.05.-07.07. ﬁ%ﬁl:é}%g?:g%r?\Dgggg;ence on Computing, Electrical and Caparica (Lisbon), Portugal https://doceis.dee.fct.unl.pt/
07.05.-07.07. %%%2‘f;)?nénéigritrﬁza(gggggeme on Renewable Energy for Zouk Mosbeh, Lebanon http://www.redeconf.org/
07.05. - 07.07. Egﬁsﬂ;ﬁg F{ggz'r'}f\}vizgﬂﬂ‘)’vor“ho‘) on Advanced Ground | i Porugal hitp:/fiwagpr2023.Inec.ptfindexchtml
07.06. - 07.08. lTEeEEn%%F;%SON 2023 - 20m International Conference on Smart Torino, ltaly https://2023.ieee-eurocon.org/
orcs.-cron, | 2029 1 Intewationa) Conlorence o COnRUNG | o, i
07.06. - 07.08. ggsgtzmitt?le @éreinrr?witriicég:cl)n%?/:tfgr:]irzlcCQEgg) Electronics and Event Format: Virtual http:/ficesc.co.in/2023/
07.06. - 07.07. 2023 |EEE Cloud Summit Baltimore, Maryland, USA https://www.ieeecloudsummit.org/
07.07.-07.08. ioéeég:igaggigi‘coesr(]{ggggg)On Smart Systems for applications Tumakuru, India http://icsses.sit.ac.in/home

07.07. 2023 7th International Young Engineers Forum (YEF-ECE) Caparica / Lisbon, Portugal https://yef-ece.deec.fct.unl.pt/
07.07. - 07.09. ngciglg}ﬁg?]a(tlig\ﬁ/lkgs; ference on Wavelet Analysis and Pattemn Adelaide, Australia https://www.icmlc.com/
07.08. - 07.09. é%i%i.ﬁggﬂg;ld Conference on Applied Intelligence and Sonbhadra, India https://aic2023.scrs.in/
07.08. - 07.10. E?&ig};‘g'gg@'@?ﬂo”a' Conference on Signal and Image | i china hitp:/lwwwicsip.org/
07.08. - 07.10. fﬂ%ii;g:{t);rg::i&&a}zlwﬁl)onference on Advanced Robotics and Sanya, China http://www.ieee-arm.org/
07.09. - 07.13. 2023 60th ACM/IEEE Design Automation Conference (DAC) San Francisco, California, USA https://www.dac.com/
07.09.-07.12. 2023 IEEE International Gonfarence on Flexibls and Printable Boston, Massachusetts, USA https://2023.ieee-fleps.org/

Sensors and Systems (FLEPS)
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2023 International Conference on Machine Learning and

07.09.-07.11. Cybernetics (ICMLC) Adelaide, Australia https:/fwww.icmlc.com/
07.09. - 07.12, gg%%)'EEE Symposium on Computers and Communications | g sy Tyigia hitps://2023.eee-iscc.org/
07.10.-07.14. 2023 |EEE World Haptics Conference (WHC) Delft, Netherlands https://2023.worldhaptics.org/
07.10.-07.14. (Zggs) |IEEE 36th Computer Security Foundations Symposium Dubrovnik, Croatia ihntsz::;(:l/r/]\{\/”v:/‘w.\'eee-security,org/TC/CSF2023/
07.10.- 07.13. %gfﬁnéfogfes'”(tlg?fﬁ)o”a' Conference on Advanced Learning | o (1ah, Usa https://tc.computer org/tcliicalt-2023/
07100712 | G025 Imernational gy%’;;f:\‘;%‘}g‘; Computer, Information and | Gongy raly http/fatc.udg.edu/CITS2023/
07.10.-07.14. égiieréEcEeE(l\?ﬁg]) International Vacuum Nanoelectronics Cambridge, Massachusetts, USA http://www.vacuumnanoelectronics.org/
07.10.-07 14, S%ZJEI)EEE International Conference on Multimedia and Expo Brisbane, Ausiralia hitps:fwww.2023 essicme.org/
0711 0713, (ngr?TEZ)m International Conference on Telecommunications Graz, Ausiria hitp: fwww.contel.r/2023/
07.13.-07.14. %ggr?nlgltsg;;?tlg?g)c onference on Innovations in Engineering and Muvattupuzha, India http:/fieee.icet.ac.in/
07.13.-07.14. ggZSBCISr;temat\'ona\ Symposium on Signals, Circuts and Systems lasi, Romania http://scs.etti.tuiasi.ro:81/isscs2023/
o100 | e o™ P | o ipifesscorecctrg
07.14.-07.16. ﬁ]?gr?mliﬁgfaq3tgmlgrtgeerr?sytiggﬂmﬁgiz;eﬂfnng&?gc;z lectronics Event Format: Virtual http:/www.iceiec.org/
07.14.-07.16. %gigfolr;:g{.‘gﬁgog:;ngrg;heégxg)On Digital Applications, Miri, Sarawak, Malaysia https://dateconference.org/
0714 -0716. SE%SP\SEAE;Q)AS Industrial and Commercial Power System Asia Chongging, China hitp:fieee-icps.com/2023index.html
07.14.-07.16. é%ifpﬂiﬁs :r:g Isr;t;g:s;it()lréa;lgg)nference on Power, Intelligent Shenyang, China http://www.icpics.org/
0714.-07.16. ?xé%,w:c))rld Conference on Communication & Computing RAIPUR, India htps:/fwcont.in/
07.14.-07.22. ISGe ﬁg?: é%spéggfns IEEE International Gieoscience and Remote Pasadena, California, USA https://2023.ieeeigarss.org/index.php
07.15.-07.16. 52|2§AI)EEE Symposium on Industrial Electronics & Applications Kuala Lumpur, Malaysia https://www.isiea.asia/home
07.15.-07.16. 2023 Intelligent Methods, Systems, and Applications (IMSA) Giza, Egypt http:/imsa.msa.edu.eg/
07.15.-07.18. ig‘;ﬁcz'jgfs ;”nfrsrt‘jég’nr:?r‘]n‘g’v"a’tfnhggm%gﬁﬁgic(ti{/‘v’gj)g”e“CS: Harbin, China itp:/Jwww.wem?2023.0rg/IWEM2023/
07.16. - 07.20. 2023 IEEE Power & Energy Society General Meeting (PESGM) Orlando, Florida, USA https://pes-gm.org/
07.16.-07.19. é?riiitgzt: d'gyiimﬁx@ﬁg?l Symposium on Asynchronous Beijing, China https://asyncsymposium.org/
07.17.-07.20. ?gé%g%ni)lnternalional Professional Communication Conference Ithaca, New York, USA https://procomm.ieee.org/conference/
0717.-0719. (ZSOSI?II )IEEE Photonics Society Summer Topicals Meeting Series Sicily, ltaly hitps fwwiw.ieee-sum.org/

75 Mxtzats|x] 2023.3 221



uxt LR i Enjo|R|/
07.17.-07.20. /igéﬁceltianE ;ﬁé%;i;ﬁuncﬂreiigﬁgg)c e on Decentralized Athens, Greece https://ieeedapps.com/
07.17.-07.20. é%gnsth:r:g, lsis\%cglst’e;ggt;%?*e%ﬁgge(rﬁggﬁegvom?b“le Cloud Athens, Greece https://ieeemobilecloud.com/
0717 - 0719, 5%203E|_nT1§\rArl1:rt]i)onal Conference on Consumer Electronics - Taiwan PingTung, Taiwan hitp: www.coe-tw.org/
07100727, | B2 JEEE O nternatora Cnfr o Spece WS | s, o Ush
07.18.-07.21. 2023 IEEE Space Computing Conference (SCC) Pasadena, California, USA https://smcit-scc.space/
07.18.-07.21. égﬁprEngS;‘ggns'”(}gggg)o”a' Conference on Distributed | 0 ne Hong Kong hitps:/ficdcs2023.icdcs.org/
07.18. - 07.20. 2023 |EEE BTS Pulse - 3rd Quarter (BTS PULSE - 3rd Quarter) Event Format: Virtual https://bts.ieee.org/pulse.html
07.18.-07.20. 2023 |EEE Sensors Applications Symposium (SAS) Ottawa, Ontario, Canada https://2023.sensorapps.org/
07.18. - 07.20. 2023 International Telecommunications Conference (ITC-Egypt) Alexandria, Egypt https://www.itc-egypt-adc.org/
07.19.-07.21. é(y’ife r'nESE’EAfc‘ﬁgegfr'gjgﬁgaégggggr”sc&gz\épp"caﬂ"”’s"“mc Porto, Portugal https:/fwww.asap2023.0rg/
07.19.-07.21. i%ﬁciggnlsn(t%rgf:)a‘ Conference on Edge Computing and Event Format: Virtual http://icecc.co.in/2023/

2023 IEEE International Symposium on Antennas and

07.20.-07.28. Eg)glz;gation and USNC-URSI Radio Science Meeting (USNC- Portland, Oregon, USA https://2023.apsursi.org/
07.20. - 07.23, ig5%'55%ﬁmc'gfgwiggﬂﬁgggf‘agElch‘;” Blectronic Information | ;0 426, China hitp:/Jwww ceict org/\CEICT2023/
0791 -07.23. igéﬁAsgri}gtr:l(llgir”n)aﬂona\ Conference on Knowledge Innovation Sapporo, Japan hitps:fwww.ckil.org/
07.21.-07.23. (ZS(ZDSESS Asia Conference on Energy and Electrical Engineering Chengdu, China http://www.aceee.net/index.html
07.22.-07.27. ﬁgﬁge"eifris'ats‘i\’%a“o”a' Symposium on Applications of | oo aiang Ohio, USA htips/2023 jeee-isaf.org/
07.93.-07.26. f\%ilsy;i% :Q::g‘rggg%%’t‘faﬂ% on the Physical and Failure | b\ pinang. Malaysia hitps:/wwiw.ipfa-ieee.org/2023/
07.23.-07.25. éggi;ﬁiigé?ﬁfé?anonal Conference on Omni-layer Intelligent Berlin, Germany https://coinsconf.com/
07.23.-07.25. 2023 |EEE International Test Conference India (ITC India) Bangalore, India https:/fitctestweekindia.org/
07.24.-07.28. ?ﬁgggng Nuclear and Space Radiation Effects Conference Kansas City, Missouri, USA https://www.nsrec.com/
07.24.-07.27. égfﬂ?ﬂUiiggongngﬁén,\laéxgﬂ (l((i;%réf,\e‘))rence on Computer Honolulu, Hawaii, USA http:/;www.iccen.orgficcen23/
07.25.-07.27. égzmiarnxljp]itcea:t?oﬂoaﬁ N%m;i:ﬁg?gmggl\lgg )art Applications, Istanbul, Turkey https://smartnets.ieee.tn/
07.26.-07.28. figzgug;ﬁasgg Er:irrg?ﬂé);;‘e%?&rggg on Industrial Electronios Shanghai, China http://www.ieee-ieses.org/
07.27.-07.29. é%fpmgl(%?\r/nc&;“onal Conference on Image, Vision and | 510, ching http/fwww.icive. org/
07.27.-07.08, | 2023 International Conference on System Science and |\ oy vtinh Vietnam hitps:/ficsse2023 hemute.edu.vn/

Engineering (ICSSE)
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2023 International Conference on Data Science and Network

07.28.-07.29. Security (ICDSNS) Tiptur, India https:/ficdsns.co.infindex.php
. 2023 IEEE Symposium on Electromagnetic Compatibility & ) o .
07.29. - 08.04. Signal/Power Integrity (EMC+SIP) Grand Rapids, Michigan, USA https://femc2023.org/
07.30.-08.01. 2023 |EEE BioSensors Conference (BioSensors) London, United Kingdom https://2023.ieee-biosensors.org/
2023 |EEE 18th Conference on Industrial Electronics and ) . ) L
07.30. - 08.03. Applications (ICIEA) Ningbo, China http://www.ieeeiciea.org/2023/
. 2023 IEEE International Conference on Cyber Security and . . ..
07.31.-08.02. Reslience (CSR) Venice, ltaly https://www.ieee-csr.org/
2023 International Conference on Optical MEMS and
07.31.-08.03. Nanophotonics (OMN) and SBFoton International Optics and Campinas, Brazil https://www.sbfoton.org.br/
Photonics Conference (SBFoton IOPC)
77 MxtZets|x| 2023.3 223
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www.Ipkf.com/kr
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http://www.skhynix.com
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