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m PIV (Particle Image Velocimetry)
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2 Dimensions
2 Velocity Components
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Variable camber morphing airfoil

— Compliant structure by PLA (3D printed)
With Small input displacement

can make huge output displacement

A. Driving part

D. Servo motor ‘
I‘ l

Variable Span mechanism with Scissors structure

B Active Sequence of Variable Span Morphing mechanism

Variable chord Variable camber Variable span Morphing UAV

D : Trailing Edge

Morphing UAV — default configuration

Variable Chord Camber Span Morphing Wing
[ VvCCS Morphing wing ]

Combined with 2 morphing mechanism
1. Variable Span Morphing with Scissors structure
2. Variable Camber Chord Morphing with Slide & Pulley

Cam view

Flight Test of an UAV with Morphing Wings Morphing UAV — morphing configuration
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«Continuous flight of KAU-SPUAV-2019
-2021,06.20
—Location : Jeju island
~Total flight time : 56hour 33minute
v Take—off Time : 2021.06.20 19:43
¥ Landing Time : 2021.06.23 04:16
-KAU' s 2020 Record : 32hour 19minute
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- 2022.05.09

- Location: Uljin-Dokdo(440 km)
- Take off Time: 2022.05.09 03:30
- Landing Time: 2022.05.09 15:40 |
- Total Flight Time: 13h 10m f
- Total Flight Range: 440 km

x @37 @2 1A Ao 2 LIEHHRIE

Battery Voltage[y]
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HFExz ¢ H#

- 2020,08,30

- Location : HMFEZ sHOF

- Take off : 08,30 09:53 ZYs{4+2x
- Landing : 08,30 13:52 X|eH+==
- HiE|2| BHE MefE A=

= LTE 7|8t &AIZH &2t 2LEE

=]

<2020~2021 M= 2R HY 22>

Airbag duct

mean({Cp)

ALAl Buffeting 2HA

V= 15mis, 1= 0401 seo V-g Method of Aeroelastic System

g
£

Q MATLAB Display
- Flutter speed, freq. ..

- Plot of flutter results
FEM Output file - Flutter mode shape

Free vibrationsolution MAT FLUTTER

« , frequency [H

- MSC/NX NASTRAN
S sormvnse [
A \X SYSTEM s . ool
i P~ - 8

Input file - i as

UAIC Matricesioptional) OUTPUTFILE SR )
- UAICs i v T u.uum. prees ,;.. ;
- Flutter results B . e air speed [mis]

20-Axisymmetric , $-A, $0<1<100, dt=0.005

Exp. |
KFLOW
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= P.P.T. (Power Plant Trio) CanSat

+ 2015 710|AE QI3 FA T2 HeldZnS MY
- o= offX], S0HX|, EfFF2Z FEE X7t
ANAHOZRE MY

PEHS Payload
PN

MO 37He| LEDE N

SEHS Paylost
iL: Siowed, R: Deployed)

= HA+RC?2S (High Agility & Remote Control Camera
System) CanSat (28}7| =Y HSLF Y +=4)
+ 2017 F10|AE QIZHAHTA FH HYHHAYS| ML
« 17|15 st 72t +5& S5t 0|0|X| CIOIE &S U HW/8N
- R0|AE FEE ST KtHIQ| 0/0|X| &S

-

A
7|5 etdst
7o) 2t ﬂa;ﬁlgz

cooee EAGAM(FEHSLY) 7o
— 20134 FEY A3
STEP Cube Lab-| 7Hgf & ubx} M2
- 2013 D|HAIZDBHE FEYN ZANS| M
© 1.3kgE 1U (10x10x10 cm) =L AILE Y

ajl
=

* 2018.01.12. QI PSLV HAHHZ WA}, AB44 43

[STEP Cube Lab—| Emblem] [STEP Cube Lab—1 3]

KAU.AC.KR

, SMECHAS Lab.

4
L _AE KA Space Mechanical System Laboratory

W

fmm—= SCSky (Smart Call from the Sky) CanSat
(D|2HE=ntstR R =4)
+ 2016 7I0|AE QIS HHTA F2 HALHHIHS] MY
* Smart Material?l E47|4&3 240[0124 ADH S HE5I0
ADEE BHERAA Y HH AZH FHH2} HAHLIEHS

§ F

== D3 (Diverse Deploy Device) CanSat
(KAISTESEY =4)
* 2018 7}0|AE QB GAHTA T2 AL HAUS| MY
« 47}X| Eflo| FLEE|HXIE CanSatol] B
- MY Y5t F FEE XA S Sofl MIHAE] HjojE Y
FH02tE St LA HH B4 CIOIEE &5

Multi-planes Constraini

r—2019E FEY FALl=

STEP Cube Lab-Il 7Ht 2 BFA} A

é

fars }
[=]

2019 457 |2 ESME FEHH o3 My
12kg 6U (10x20x30 cm) EABIY AIAH g

STEP
Cube La

[STEP Cube Lab—{l Emblem] [STEP Cube Lab—11 3]
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- , SMECHAS Lab.
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[51%% EH%FEIXEEE%‘] 106 a .‘I Time (s) - NumberufTeas )
- T"’““”"”“:g] [ AjE 2oy [t A oy
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| SMECHAS Lab.

7 vjf KA Space Mechanical System Laboratory
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w— Xi7HE M4 QLE|L} AXH 2t S

= RELM SAT|QIEIT 7| BEAE OtEL
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L XIZ7|HH0] F{Fdh Uil QHE|LION Z|X{SHE
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-rI’S %IT(HI HE 7ISE VgV =R

Sncnedary Fafiector

[Type 1 QIELE 2] [Type 2 QHEILE 4]

Primary Reflector fil (CFRF) Fphom g
Ak N WA B
- EMAERN FH AOINE e

DA IR AATE
s M.J? wmxkﬁﬂﬁ Qs-muaaes]

BUxHEE N

A FWHCFAPRIL AE ..". e e -
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e NS HYE FEMATIY AT
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« Steinberg 0|29 &4 20| 7Ks3t
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Stiffener for PCB
Deflection Reduction *
M= (E g + Ty 427 Xy il s
nstrain

— I layer (FR-4)
€c X DF Viscoelastic

| MoS = Se e 1 Iscoe I

. ) : Layer (3M966)

PCB (FR-4)

Mechanical Safety Evaluation of Solder Joint

WAMBE 718 HHE A 71 .
[BAIIEE 71t S v 71 [HER EI) 7)8H I X453 PCB]
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1. R EEY): E87IHf8HEA (Applied Gas Flow Laboratory)
A

=
: 72|1H1# 1122, ZHO|X|: http://agflkau.wix.com/agfl

a
K A3Eof R Azt eSS
o d A58t 1A% 3115 02-300-0113 ylee@kau.ac.kr
3. g E0F
= 224 AA WA YWY
" 23E/FEZE AT dFe
= 284 SRS/ 95 5
= 234 AEQ FYUF AT
= PSPE 0|83 AutE g
m Space X Falcon9 &%

= Ofo]32 £3% AESSY

Experimental Infrastructures in Laboratory

l High speed/pressure test equipments ﬂ

BBIMRBUUY
(2128 1062)

-

Operational range of Mach number Sonic to M=2.4
High pressure storage tank 5 lubes
Maximum pressure 25 atm
Reynolds number of supersonic jet 1.2*10¢
Maximum running time Up to 2 min
Testsection 30x35x100 mm
Unit Reynold numbers Up to 5.6x107/m
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- A& VA fE 9F Aol 71 Y (RUAE 20249 - 20254)

- SEES AT FAT HelRE Ao (@=AAAT 20219 - 20249)
- otske ZAS K5 Aol @FRAAE 20199 - 20224)

- 2e% FAREY] RESY A7 (E8Hd+4 20179 - 20199)

- A& AE FUT AT Aol A7 (=AM 20169 -20194)
- AeS AAAIE FHAT Ao A @=RAFAY 20149 - 20174)
- Al 27 R4 V1E R (Sakerd oA 20119 - 2016W)

F AFEoF W

Summary of Key Technologies

SkinFriction Measurements for
Recirculating Normal Shock Boundary-

Layer Interaction Control
\Rtf.l Y. Lee, et al., 2004, ALAA Journal

Application of Backstep Coanda Flap for
Supersonic Coflowing Fluidic Thrust Vector

Control
\Raf.j M. J. Song etal, 2014, 4144 Joumn}/

Experimental Investigation of the Characteristics
of a Supersonic Fluidic Oscillator
Ref.) S.H. Park, et al., 2018, KSME Jau.mfy

e

- —\

Effect of Slot Configurations on Passive

Control of Obligue-Shock-Interaction Flows
Ref) §. H. Chang, et al., 2006, KSAS /

-

- s

Thrust Vecto

Experimental Study on Characteristics of
\ Thin Rectangular Abrasive Nozzle /

¢ Jet by Utlizing
Coanda Flap and Solemoid Valve

\ Ref) ¥. Lee et al,, 2016, AL44 Journal /

Influences of the Internal Geometry of the Fluidic
Oscillator on the Characteristics of Supersonic
Sweeping Jet

Ref) S.T. Lee, et al., 2018, KSME Jmimﬂd

O (=

\Pressure ive Paint (PSP) technig /

-28-

. g
Passive Control of High-Speed Separated

Flows Using Splitter Plates
Ref) I. M., Reedy, eral., 2012, AL44 memy

Experimental Study on Characteristics of
Rectangular Supersonic Jet on Flat Plare
Ref) I Y. Ewakeral., 2016, IT48S

X %=

33010

Study of the Flow Characteristics of Double-
Venturi Abrasive Blasting Nozzle
Raf.) S.W Jung , et al, 2018, KSMPE Journal

Prediction of Aerodymamic Characteristics of
\Grid Fins Equipped on SpaceX Falcon 9/
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1. ARAAEEA): Micro & Nano Heat Transfer Lab.
A 7|4# 1142 EH0|X| : mnhlab.net

z AgEol AA WL

bAd Idd, 299, .

SN E RAPAA A2, Ui QA 02-300-0179 spjang@kau.ac.kr
3. 220

= Nanofluids
- Suspension stability
- Performance enhancement
- Application to real system

m Heat Pipe
- Variable conductance heat pipe
- Vapor chamber
- Loop heat pipe

® Thermal Management Technology
- Heat exchanger
- Immersion cooling
- Evaporative cooling

m Thermal Storage
- Supercritical fluids
- Paraffin filled carbon nanotube
- Volumetric receiver

m Convective Heat Transfer in Porous Media
m Cryogenic Vaporizer for Liquified Hydrogen
® Thermal Properties Measurement

- Thermal conductivity

- Convective heat transfer coefficient
- Viscosity

4. @78 2F
= SR AP 0%, MAR 0, WA 0%

m Heat Pipe, Heat Spreader, Loop Heat Pipe, Immersion Cooling & THFSE WZHAMX| S A /7St
m 7t= Nanofluid, Hybrid Wicke] Kﬂi‘ﬂgt‘gq] 3t E512 71X 92

IREE, SAEAS 59 712 SR B0 d6l =2 L= 7R 9oy, e, g8 EAEE,
S84 59 AR E B

n A% 2 wAPFH], CNT Al&£8 112 Furnace, S|Emo|Z A|AF FR] & A9 FJH|E o B/

0]
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Loop Heat Pipe Heat Pipe H|%f

x|

. S
~ Thermal Management Technology ~
\ Flow Meter N\
) the(mo—Hygrometer
Q oYWzt AH EA| Sz Ay B D
N\
\_ s € A+ 538 X EFEE 5F FA He 53 X - J

s Deep Space Environment Simulator —_
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RESEARCH WORK IN CIRCUITS & SYSTEMS LAB
CIRCUITS & SYSTEMS FOR Al, COMMUNICATIONS,

AND MULTIMEDIA APPLICATIONS

PROF. TAE-HWAN KIM
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What We Are Studying: Circuits & Systems for Al Applications
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S.-J. Lee et al., “Latency and Accuracy Optimization for Binary Neural Network Inference with Locality-Aware Operation Skipping,” [EL 2024]

J. Kim et al., “ROSETTA: A Resource and Energy-Efficient Inference Processor for Recurrent Neural Networks Based on Programmable Data Formats and Dynamic
Activation Pruning,” [T-ETCS 2023]

T. Kim et al., “A resource-efficient inference accelerator for binary convolutional neural networks in a low-cost FPGA,” [IEEE Trans. CAS-II 2021].

J. Shin et al., “Fast inference of binarized convolutional neural networks exploiting max pooling with modified block structure,” [IEICE T. Info. 2019]

T. Kim et al., “IOTA: A 1.7-TOP/J inference processor for binary convolutional neural networks with 4.7K LUTs in a tiny FPGA,” [EL 2020]

J. Kim et al., “AERO: A 1.28 MOP/s/LUT Reconfigurable Inference Processor for Recurrent Neural Networks in a Resource-Limited FPGA,” [MDPI 2021]

J. Kim et al., “A Reconfigurable Inference Processor for Recurrent Neural Networks Based on Programmable Data Format in a Resource-Limited FPGA,” [ASPDAC2022]
S. Lee et al., “TORRES: A Resource-Efficient Inference Processor for Binary Convolutional Neural Networks Based on Locality-Aware Operation Skipping,” [MDPI 2022]

9-May-24 Circuits & Systems Lab @ Korea Aerospace University 2
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What We Are Studying: Circuits & Systems for Wireless Communications

P 4.5mm ~N

WwT
4.5mm

Polar decoder MIMO Symbol Detector

+ High-Radix Kernel Processing * Relaxed K-Best Algorithm

«  Vector Overlapping « Early Forwarding MIMO Symbol Detector

« Redundant LLR Representation «  Multiple Cores » Parallel Dijkstra’s Algorithm

* L2-Norm Approximation

RFID Baseband Modem

1.4mm

H.-Y. Yoon et al., “A 655Mbps Successive-Cancellation Decoder for a 1024-Bit Polar Code in 180nm CMOS,” [ASSCC 2018]

H.-Y. Yoon et al., “Efficient Successive-Cancellation Polar Decoder Based on Redundant LLR Representation,” [IEEE Trans. CAS-Il 2018]

T.-H. Kim et al., “Small-Area and Low-Energy K-Best MIMO Detector Using Relaxed Tree Expansion and Early Forwarding,” [ISLPED 2010]

T.-H. Kim et al., “Small-Area and Low-Energy K-Best MIMO Detector Using Relaxed Tree Expansion and Early Forwarding,” [I[EEE Trans. CAS-I 2010]
T.-H. Kim et al., “A 2.6Gb/s 1.56mm2 Near-Optimal MIMO Detector in 0.18um CMOS,” [CICC 2010]

T.-H. Kim et al., “High-throughput and Area-efficient MIMO Symbol Detection Based on Modified Dijkstra's Search,” [IEEE Trans. CAS-I 2009]

9-May-24 Circuits & Systems Lab @ Korea Aerospace University 3
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What We Are Studying: Circuits & Systems for Multimedia
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Scalable Sound Synthesis Processor
« Joint LDC & Color Interpolation
* Incremental Backward Mapping

Scalable Sound Synthesis Processor
* Programmable Operators
« FM and Additive Synthesis

Y.
Y.
W.
H.

T
T
T

-M. Park et al., “A Video Dehazing System Based on Fast Airlight Estimation,” [GLOBALSIP 2017]

-M. Park et al., “Fast Execution of Dark-Channel-Prior-Based Outdoor Video Dehazing,” [IEEE ACCESS 2018]

-T. Kim et al., “A High-Speed and Low-Complexity Lens Distortion Correction Processor for Wide-Angle Cameras,” [ASP-DAC 2014]
-S. Jeong et al., “An Efficient Processor for Joint Barrel Distortion Correction and Color Demosaicking,” [ISCAS 2015]

-H. Kim, “An Efficient Barrel Distortion Correction Processor for Bayer-Pattern Images,” [[EEE ACCESS 2018]

-H. Kim et al., “A Scalable and Programmable Sound Synthesizer,” [ISCAS 2009]

-H. Kim et al., “Design of a Scalable and Programmable Sound Synthesizer,” [IEEE VLSI 2009]

9-May-24

Circuits & Systems Lab @ Korea Aerospace University 4

-37-



Who We Are Seeking

Students Who Want to Become a Digital System IC

Engineer.
« Digital Circuits and Systems, i.e. Digital SoC.

WE WANT

\\\\\\\\\\\\\““W//////////// ;

9-May-24 Circuits & Systems Lab @ Korea Aerospace University
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Relevant Coursework & On-Going Research Projects

=  Relevant Coursework
- LCIXE=2|2|Z, CIX|EA|AREA OO AR ZE MM, TFASIER| 024, &

CIEAAEEA S AE VLSIAAE S
- EHHI(HE)

* On-Going Research Projects
« ‘CISE2E AOMEZO|CHA X5 B M| 7HE 7| =
(ITP) - It /=8 2 &LF
- SSEASWRIEHAYE ALY

rQ
-
>
0
HT
Olm
b

A7|2/ BN

9-May-24 Circuits & Systems Lab @ Korea Aerospace University 6
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1. A4 OC|{ EMAHA A (Media Communications Lab) hLCLab

O o
K Aggof & o] x| /A A7/ ALA
e H|OOQ U¢=/IY A BFS https://mclab.kau.ac.kr| 34 Al= 4025
—_— P SEIi=E e 02-300-0414 HrAba: d-Est
o o AZH/Z2AY HE A Ojfof jekim@kau.ac.kr donghakim@kau.kr
(360/VR, 6DoF, 3D Z7t9A) AAL 3165 010-7655-6740
3. 4720k
= HOQ ¢F/3Y duE Y I 3A4 BES) H|C|2
(JVET HEVC/H.265, VVC/H.266, Beyond VVC) =/aH
s JAS Y3t g e BS3HVCM: Video/FCM: '
Claj Ll
Feature Coding for Machines) &z ocof FY/H|E 2 AVEEE
Mo X2 EERETREE]
s 360HIEI2/VR/ x| mE3} \QEiress

B %7]%(MPEG-VCM/FCM) '\“"SKUHD

» &h57)8ko] oFA]Al Al7TF T3 (INR/NeRF) _—
HAIA £H(3DGS) 718t9] 6DoF 3D 33t H|Ef e A OJE[0f
E57]¢ 92X EFSHMPEG-INVR) pps i

» 6DoF YUY vt ¥3st a&7|a ¥
ZA| EZESHMPEG Immersive Video)

= GERHA Oljof A 7|4 7] (6DoF
Volumetric, Point Cloud, Light Field)

= V3H(4K/8K UHD)/A7H360/VR) H|T @
FEAY/ Rt 7s

» gajd 7|t ujo e 258t §a7]2(VET ‘.mPEGLA
NNVC: Neural Network based Video Coding)

s T2 7)Et 9AF X2 - HAIe|A W A48y
gArx ], Fd /5 &2

n dajd 2d FE 3% 7|4 (MPEG-NNC: Neural
Network Compression)

= dEOjHo] Z&7[a(Ho2E /0T, AR AA])

al

ox

KE HEVCAdvance®
WC Advance

£
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5. 47N EFF

(MPEG-LA/Access Advance,
s HEVC/VVC/DASH HUJE_O*K/
= A BEVE TASS

=(0]2/93/28/ AUt/ 52 5,
. 9T cjEuy BAEES Hol(3-42/4,
n P IHSCIEM6))/ A E(707)), 9] stathe], RALE

HEVC, H.264/SVC =A|#E 34 5352 55(300)/22E 29
15 ~ '30)
& B2E7e 7Iecld(5s A8d

AALL Bi71G o)
639971)
2A|g)o] 2QEA) W ZA|E} AL AuiY

710A, =UHe] 53) 274

s O A3 Z2AE 5 35dq 9 S(ETRL KETL IITP, KEIT, A7)

ETRI nip W Q  Keit

MRS ML 2 ARG
BRUANESHATE YusuIYwILY AL eremmsas SRAR|GEIINEY

KETI

SR SATY

Korea Electronics Technology Instiute

=y FdE A2 AE/Mu|A

T T—
DONALD
MP

TRUMPONCNN

«Q 3 YouTube
NETFLIX ’*\

Video Conferencing

- d7d FAEEs @

= o174 HEVC 59l %

KHE Hw@%@OCe ~10,768 patents

Total: ~17,000 patents VE
—— “QPEGLA"
~.~3,727 patents

P 9267 patents
" XIDOLBY.

ETRI  Zi Fraunhofer 1501
.l!ell tuat |1 PBuiae patents
Q suHUAWEI A [l o5 e
[ HUMAX
[ wmst  kBSC @EIXIAEA

maxell

5'??& . TOSHIBAV

= A5
B V ELES
Unaffiliated 74,012 patents ___media
Google (inteD inTerDIGITAL “ '/” 5’3‘:@9”)' Pnnaaome \\
Lenovo § Microsoft NOKIA [ QuALcOMWW SHARP
ZTE  Gun AN

ERICSSON £ SONY

ey JVCKENWOOD 621 patents /’
Kene Kkt from other prabigiech
NEC licensors ¢ Boe
docomo PHILIPS SAMSUNG < _ 2 j

a2 United States Patent (10) Patent No.:  US 10,194,167 B2

Lim et al. (45) Date of Patent: *Jan. 29, 2019
(54) METHOD FOR INDUCING PREDICTION (30) Foreign Application Priority Data

MOTION VECTOR AND APPARATUSES

USING SAME Sep. 16,2011 (KR) 1020110093564

Oct. 17,2011 (KR) .. 10-2011-0106108
n lectronics and icati (Cor

Research Institute, Dacjeon (KR):

e N (51) Int.CL
Dagtey :i“;z: ey Af'r"“';‘l’;'c"e"“" HO4N 19/56 (2014.01)
Coundation Korse.As HO4N 19/52 (201401)
niversity, Goyang-si (KR) \
(Continued)
(72) Tnventors: Sung Chang Lim, (52) Us.CL
Hiul Yong Kim, Dacj CPC v HOIN 19/56 (2014.11); HOIN 1913

Ho Lee, Dacjeon-si (KR); Jin Sor (2014.11); HO4N 19/513 (2014.11);
Choi, Dacjeon-si (KR); Jin Woong (Continued)
Kim, Dacjeon-si (KR); Jae Gon Kim, (58) Fleld of Classification Search
Goyang-si (KR); Sang Yong Lee, . HO4N 19/56; HO4N 19/105
Goyang-si (KR); Un Ki Park, See application file for complete search history.
Goyang-si (KR)

(56) References Cited

U.S. PATENT DOCUMENTS

(73)  Assignees: Electronics and Telecommunications
Rescarch Institute, Dacjeon (KR):
Industry-University Cooperation

8 9451281 B2 912016 Lim et al
Foundation Korea Aerospace 20110013697 Al 12011 Choi et al
University, Goyang-si (KR) (Continued)
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5 B%7]%: u[0Q B58 995 9 2A] BEGHMPEG/IVET - VVC/Beyond VVC)

Input Video

Entropy | Output bitstream

Pre-encode
wl filtering Coding ~.o11011110...
50% bit-rate
[
] saving Spitnto
T+ Blocks
E L Inverse
< Transform
g H.265
Ewd 50% bit-rate Predicti a I
o saving e VY !:lmEvc
50% bt rate tra | T—
sl H.264/AVC aving \ v
2003 HEVC/H.265 ' Loop Filter vvc
1254 2013 Inter 2
, WC2020
1995 2005 2015 ‘9 Decoded Video
A - SRR Motion 4 Signal
AWMPEG” @ 1So[ | st | |%
NS P
2 0]3 Hs3s = . O R<3Q u
71AE $48t vlge R SSHVCM/FCM) BF7]|&: AH2330 W HAl8][A
Various Sensor VCM Scope MaCh,',ne‘Y's'on
1 i ~F
D [ > Original Video VCM Codec Gyt
& Human Vision ) Machine Vision ‘44 A faskcseahchictuerk
UHDIHDR Vide ' i Feature VCM Codec Detection
(1) \ - Extra Bitstream -
¥ | _e -— Fea Tracking
[/ - i Dec —
FeatraGIPichist_ Classification

ARVR m?&} Machine-centric Recognition
i & ‘ ey Processing Reconstruction
Lt -r Latent Vector Encoding . ‘ Etc.

Sha7]Idre] AN A1dY EA(INR/NeRF) H HAH #EJ(3DGS), 6DoF 3D FtY4 B339 #FE7|&

SFA|E MZAL =T (NeRF)/ U= MPEG Immersive Video £ 53| Y¥N2|F/EE 7|8

VI‘I

3 zawe Q‘ \; =
15 I | D’“"’ I E BV , i’
’ }‘ ‘ i ‘ ¢

: | /
2}o] E EE(Light Field)
2 E— S E dvantagesofarray—bn»c
A i S 0g
i )

NeRF model
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Mainlens oA

F2d 7]yt v e Y55t U JArx]2]: NNVC(Neural Network based Video Coding)

Encoder Decoder .
rﬁ 4 Bit-Stream
: &
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Orig. pictures NN for inter
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NN for nm

Decoded | & quant.
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d Quantization &
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AFHFT T
1 AT M) WHOlE I BAHRFY AP D&
Lab.™
Yo HFE 3042, SHO|X|: bigdatakau.ackr Diaipwed Infrastumurs
or Data Intelligence Lab.
2 BT me
d4 49 H-&&of A=A PIRAEN
o] K&t HAEAEE digolg W Zaee | 02-300-0122 jlee@kau.ac.kr
3. g &E0F
s 22]/SSD &8 AJARI AZEQo] AL

SK Telecom(1 3) ,
Company(+ TH&AZE 19), Line+(19), KT(19) . A2t AAfaHA
U+(1%8), dlols{(19). LG CN

7.

A
ABAS ZAESW 7|2
slglolE, et AR

27t HHAED SW 7

—

GPU, TensorFlow, PyTorch)
ZSW 7|& A+ (Hadoop, Spark, Kubernetes)

ol
il
M)
of

r
=)
p

AP ERH

£ AP A|ARISW, Back-end #ofe] A5 Z@sP ohe 9lo] % A Utz HAsh] 58
47} AYdET eia] ALQQl AL HololE, HolEAIE, ZeteE. AHARY 52 AA e g

AP AT8S vgor 25 shaoigloln 24 Aol 9.

AR W R AIGR, SK Telecom 7]1&A249F B5A1E Soll AF LA ALSEE 7142 AT
Mg, #2As7|EPRATY, FY 2MANIAT4 ST FEATS AYstol, B¢ & A L g
2%

ARl SR AIRE §l2. 018 AP A A]7|E . DA A o] A9 i

- =

, MangoBoost(194), Vaiv

A0 EH(19), d=RASAAAL(1T)
(1), AAAI(17). <reteH24(179), LG
K

S(1%), =3(19F), 21234(19), 7H8loK(1%F), SK On(1)
SAHY
20229 =7 Hutets] FRAFEEY e =2 24 (link)
2021 S B atsts] St FEEYsteTe] A5 =24 24 (link)
20209 Fr=7gRutsts] StRAFE T ¢4 =2 &4 (link).
20199 =B atsrs] Rl fpESdsiadsl ¢4 =24 +4 (link).
20179 =g Batels] = REE TS a4 24 (link)
20173 IEEE 22AH H{H 9] (BK2144 $4019]) 384 =w

= |Distributed Infrastructure
for Data Intelligence Lab.
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8. GG MM

_]_l__lg% _E_ﬂ» 11]-0'_:]_ A] A Enﬂ Conventional 55D Multi-Stream 55D
(High Performance Distributed File System) bt
2

» HEAFEAA ZAI/SSDE AHEsto] tolE Aef ARE

= APA|Y/FEATL ¢ KISTIE 2287 & A7 o ISRl (B
FHAFEAE), A2dictu. 440X H22jAtdy, o= =53 e el |
E‘%‘]—]itﬁ %E‘] a‘g €1, €2, €3, €4 should be copled - -xNo ::.::r:l:dl:m -
1A% Deep Learning 24 st&
(High Performance Distributed Deep Learning Platform SW R =
Optimizati ;

ptimization) E" “fl.ix ‘9?;592‘

m TensorFlow, PyTorch® ©% GPU/Multi-Node 7]¥F €24 - ”@ " Y
ST P e?a%‘%a @%% @%% <Es”

» AFRY : SKEeE, st AR @ Ef. =2 O
digjo]ly Z28& 4 In-Storage Processing #|2] S 1-§§m o™
(BigData Platform and In—storage Processing) ”“"Sﬂ"nﬁg?i‘ﬂflljh& é:m;':;::“:g,;“éw&w,ﬂm_

' N FORATIONES e
- 3 EERESEARCH =7,

m SSDE AP23to] Hadoop / Spark of Ojst A BA ESTHRAG[BIG B e al—%mmg
o QUiCiE AlARIO) BAF mel AAS] 9 ARe)R] ERE, ot ) LR SERC=
s AR ¢ FAAT, KETEP(SHUIA] 7| 25 71) P N 2 2 o8

L] I-tg ) ™ sml I

Qultie A A=) 2ERIY Aa sh4e

(Accelerating block—chain processing on embedded systems)

3 EA
s AR/ BEATR ¢ ITP(YHEA|SW71e), AEThsti,
Z~ Queensland tfjstu

P2P Federated Learning

(Peer—to—Peer Federated Learning)
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» Geforce RTX 3090 & ThFd Al 7}43171(GPU) A B
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7t AFEAY f5HZFE 557|(Nurion, Neuron)

= R&D HJAIAY 2Tl S Sl fEPFE b27] A
(Nurion, Neuron)2 A u

m Tesla V100, Tesla A100
g b

s AAY  KISTI(H7hr R AE )
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Quantum Artificial Intelligence Lab

Jayhoon Jung
Department of Software Engineering, Korea Aerospace University

&) er=g3u e

=¥ KOREA AEROSPACE UNIVERSITY
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About Us

Quantum Computing + Deep Neural Network

Quantum Al Lab
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Research topic

Graph Neural Network ¢+

- 7|Z2| A0, O|0X| & B U2 E E= Q0| OfL,
A= E QladzoZ Hi= pol 13
- A EE 795 £ E 52 0K E OS5tALY,

= XM E oS = 7] W20, Chfer o 2

Ofo

SAR Ship Detection &
- 2t 7l 2| O|CtE O| 2%t Object Detection & & &+

- Speckle noise& X A5t ‘d=tot K| B X[ A O
- Held 22 Z&3t 7| 24
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About Us

.

=

02-300-0263

Jjhjung@kau.ac.kr

Principal Investigator: Jayhoon Jung(E X&)

https://sites.google.com/view/quantum-ai-lab/home

academic Degrees

Ph.D. in Computer Science
Ph.D. Candidate in Physics

B.S. in Physics and Mathematics

\_

The State University of New York at Stony Brook
The State University of New York at Stony Brook

Randolph-Macon College Honors: Cum Laude)

Research Area

Artificial Intelligence principles
Quantum Computing

Quantum Artificial Intelligence
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Distributed Space Systems

A (M) OCTOLAB (Distributed Space Systems: 28 2F A|AH (1 4)

EA: HMAIE 1093 (MALH 3143)

2. Bt @4
449 M3 =0k HEMY [ E
NS M AAEHL IEEM, M HO, AKX s A 02-300-0124 z.yoon@kau.ac.kr

S H|O|X|: https://octolab.kau.ac.kr
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PAG/IBS M= 2¥ 9[4e| 24 AL O] M (CLOVE mission)

IBS2| PAG(Planetary Atmospheres Group) CLOVE missiond| &0
T8 EALOIN0IM AL E AY 914 M7 2 AI22[0|HE &4, 0|8 EM 2 A

- FreeFlyerE &&3t0{ RFLink, LOS Time, M3 S 9|« 0] d0f X0l HjO|E A1t of| S T

Sun-Satellite-Venus Angle(Degrees) Occultation Plot

Spacecraft Attitude

RF Link Margin

Distributed Space AI(248 F Q12 X|5)

— 5 3 o
Distributed Space Al 21+ 7| Distributed Space Al I et
Challenge, availability and Interf for loT frequencies (e.g. ISM 868/920 MHz)

. + Network and Physical layer
1. AHEH 0|8 Jtsd & 74 o
«+  Neuromorphic HW & neural network for onboard application
2. HES3 Y E2 AZS =t
Solution: 1ZAY St=490(Neuromorphic HW) & A1A S B o i MR e
Research: SNN AL2510] EA AT ZHX] EERT Akidar PCle Board
- Akida™ PCle 2EE Ar&3lf Neuromorphic A4t B

Federated Learning Framework for Satellite Hybrid Network

- TU Berlin(Technische Universitat Berlin: HIS 2l ZCH)2te

HHS Sofl 2 Yol PSS ALE|RE HEY o H

- HE|Z 2tRE, inter-plane, LIS X|A=22 112{5l0{ {22

214 7|8t Hybrid NetworkE 2|3t Federated Learning Framework 72

ALtE|21: AlLtal 2 o AY2123:
ChE A& B8 ZE9IM @utst My o/ 'Ee 2o olatet R4 o7 27| B8 do|uE|E HEYD At

3
o
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Satellite Ground Station and Operation

ZotZCHst W L @A 2HA|| X[AF= A X| 5!
UHF & Sband 441 7t

TU Berlinat @245t0] £4% =& S-NET, OOV-Cube, AIOTY-CUBE ¢/A 24
- PN 2 /I T

- SatNOGS (satellite networked open ground station) &0{

o
o

T I-_o'-l,
Ho

2 A QEILL HE

A YALHIE X[ QHE|LE HT A|AH T
- AW A2l 0|5 HZ2E QHEILIE EeiEths AR

- ARRI2 MA| OHE|LE AFEIDt Trajectory ModeOl| Al 2HEE 7|22 S B
Ote|LFC| Azimuth Degrees &M= AHZ .

OHE||LtS| ¥H 2= -

1. GPSE 2ot Qte|LEZF EBlZ St= Auto Mode -

2. ZO{Zl ztH O|0|E E E2iY St Trajectory Mode = Ees

3. ARXIIt A QHH|LIE 2%0]= Manual Mode .

Figure 9.11: Trajectory Tracking Test: Calculated Azimuth Data

Trajectory Tracking Test: Azimuth (Applied Limits| BGS ve Time

Figure 9.12: Trajectory Tracking Test: Limited Azimuth Data
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®m Path-planning & Formation Flight for Multi-UAVs

®m Guidance Algorithm for Formation Flight of Multi-UAVs

m Target Geolocation & Velocity Estimation Algorithm Design using Kalman Filter
m System Design & Flight Control for eVTOL with Tilt-Rotors

» CMG(Control Moment Gyroscope) for CubeSat

» Formation Flying Algorithm for Small Satellites
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= D017]/UAM Bl
1) UAM(Urban Air Mobility)

UAM(Urban Air Mobility)
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€ USCL

¢ Quad Tilt Rotor Aircraft

Category Value [Units]
Shape Tandem/Canard wing
Wingspan 2200 [mm]
MTOW 14 [ke]
Cruise speed 25 [m/s]
Max speed 34.56 [m/s]
Range 10 [km]

* Dynamic Characteristics Analysis & Attitude Control law

-8 Y

! ;

25
x
w0
15
10

L)

A

T
|

[

b

| '

‘ E x
\

|

|

|

s|
0

g

10|

Attitude Controller Rates Controller
Multi-copter Multi-copter
Bl Attitude Rates H
Controller Wy, Controller

Fixed-wing Fixed-wing
el Attitude Rates 1
Conralier | 0sp Controller

20

x

25 b3
8 5 4 -3 -

PEEYE COM

2) Quad-Tilt-Wing VTOL Control & Operation

Quad Tilt Wing VTOL Control & Operation S USCL

Gain
Scheduler

B

- u eVTOoL
Mixer |— Sy

‘l?:wrsu%ei%“{!
Y|/

Simulation of Quad Tilt wing VTOL

10
)
North (m) 0

Online Trajectory Planning

——Rufurmncn Pail
— LY

S

East (m)

Considering Vehicle Status
Pseudos pectral Method based Takeofl Trajectory Generation 5 Transition conversion comidor (with 1t wing )
g
)
8 T
i
Ew
E)
Vi Trgacioy o9
0 Takea!t Docaion Pair Y
©  Vipgs thock paint g
GPOPS-Il Trajaciory. ? "
~§. ]
5
Zn
pos, (m] 40 pos, [m] 0 5 W 15 20 5 I 35 40 45 S0

Veair (mis)

Takeoff & Landing Trajectory Generation Considering T

-70-

ilt Mechanism

Real Transition Flight



KAU.AC.KR

20IEg S22 E| st}

3) AAM &Y Algefo]Ad

AAM '8 A E2]|0| ¥ S USCL

Landing

> AAME| 2tESH E o HIRE 2ot ensi (2H) s B
» A5 =Z=2 2%t augmentation / E¢tEE 24 gl A| 280l M

4) Multi-UAV Cooperative Multi-Target Tracking

Multi-UAV Cooperative Multi-Target tracking S USCL

Target PC
‘menicring

Simulation Manitor
“| [Leader, Follower #1 ~ 83}

=l Hardware
(FEX, Servo motor bay, DAG-Board)

M Aoy
sgrallT) g AE R

1Y v Communication
Modem PWR Modein P [
uaRY

Rs23z o
X Ulml
= o | e TiT
= L_.js. icupido. ppm | Encoder Rotigeer| Computer RN
o PWI h
sV 9!
vietoo| ¢ i
(Anes) [*spy S
l2c
Control —
Sarvo Surface & b i
{f
gl | = =
Ar e Serve [
] [ = ;,
L £ —e———
Y g

)
Sensor e
| " servoru)
Alleron
Servo(R)

Fixed-wing UAV Platform

Multi-HILS for Formation Flight
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5) Target tracking

Target tracking S USCL

1. Obstacle avoidance Flight

Follower & Formation Flight Tasdue:
& 2. Loitering Target :
o & Formation Flight 20 Plot
3 400 -
Mission 200 / 4 \ \
Upl < £ — \
pload 4. Target Tracking [, Target Acquisition [ - - . l
Ground Station 5 |
200 \ )
\
) 2
£ = 4 \{
£ 100 A
= X JI
= !
Gimbal Camera !
Pan/Tilt 0 /
%
e . il Update
— - lay
100 - VAV =
Ax 1 O nitial Target
Estimate Targel
KF
= = Curent Target |
200 " N . " )
x 4 300 -200 -100 0 100 200
E(m)
&
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1) Space debris removal

Proximity operation algorithm

A

R

=z USCL

o Planar rendezvous problem formulation

Target
—
Yrer
(0,0) Xyef
Diagram of relative motion problem Final configuration of planar rendezvous
between two S/C
<Nomenclature> <Note>
*  my :Massof s/c »  Chaser/| target0fl 285l 28 M,
* T4 Position vector of s/c target| Bl 0|5 £ = IR O
(Reference frame : Inertial frame) QUCtD 7H-™
* B4 : Orientation(Heading angle) of s/c « 8 &8 Al chaser= target2 22 H
« L, : Required minimum stand-off F| A& L, 229 A2 E |4l & Chaser?|
distance while rendezvous (const.) Zh& 0 Of target?| ZtE 0| 7| = Y
+ *=t(Target)/c(Chaser) = Nodisturbance on target s/c

o Ex) TargetO| % HEE Mt 2= & 15 2|8 2=

Initial
state

Position (x, ¥) Velocity (%, ) Heading angle (8) Angular rate (8)

[m] [m/s] [deg] [deg/s]

Chaser (1) (0,0) 0 0
S/C position [Red : Chaser / Blue : Target] Control force & torque 07
i il R SRE 1P
) RUARAN ! : ,: (|—=~-F,|{a
Chaser end ' R L .
251 [ | l', | ]! III | i 1 3
il | | Ry : 1l
il AT R
| TN A _
2k 4m Targetend = n 'g I \" Iy N
= = UL ! Ly o
> E ‘I | I‘ I i \ I | f'-_
= | | 5
15 Target start ! \.‘ R e =
/ i [ 1! : | |
! AIERHLL W H3
Al Chaser start R AR R ARt I
M AR AN R AL VR R
i | ! WAl W {1
f i r W )
0.5k i L ' ; ' ' ' i | L '
0 0.5 1 15 2 25 0 50 100 150 200 250 300 350 400 450 500
X[m] Time [sec]

Control input

PositicnotS/e (Red: F, /Blue: F, / Green: Torque)
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3D 0|0|X| & St 2= TH= JE &7 £ USCL

Chaser

< FIHZI2 0|23l 25 g|Ado Oo|O|X i
> gFE tof| 2t o| &3l S & 2|22l 3D 0| 0| X| (Point cloud) R
= I Network
; = A |
> Pointcloud 28| 7|& 7|
» Simultaneous Localization and Mapping (SLAM) 7|8t Grasp - oEm o= i
6-DoF 25 AMEfF=H evaluation
L _ Network
> CNN 7|82 &8THItX| 7tsd HEt —

AstroROS : On-Orbit Service Simulation S USCL

i | 58 ROS

Command

Sensor ———l

Data

Control
Command

Hangulator
Contreve

Orbit Simulation

Position ] Data

Orbital
Change

AstroROS Architecture

ClearSpace-like Tentacle Satellite Design

Simulation Result

Pos Z[m|

-]
Pos Y [m]

<10% 3
Pos X [m]

Simulation Result

Simulation View
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Ground simulator testbed design S USCL

Active Actuator System

RCS Cluster #1

Spacecraft Body

Manipulator - Arm Link RCS Cluster a2 '{ ’

RCS Cluster

RCS Cluster #3

| K Y L
I Tl
RCS Clusler#&qfi 2 ‘-\ Tooa ™
‘\ i
If -‘\‘ . . %
%

Reference Frame S Manipulator - End Effector W

X

7

< Avionics / Electric power system

o TUZI

e Z|HM ZZ2H{X|SH 15 XM A O 252
28

® ToF 70 2t2F Jetson Oring A2 50 Z &
SHE=0| S EE F =

® PixhawkS ArE5HH X| & Al =21 0| E{ 2] 24|
AtEfof Cist & 3= % X0

<+ Pneumatic system
e 11U TI|E Q7= 200 HoE,
FEI| )0 1Y STESE
o IYUIIAE ALEIIE FT|ZRE HHS
=22 AR50 241 BB 25 28

L7

<+ Robotic manipulator
e SHE IE
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“ Serwcmg Spacecraft

Ground Testbed

+ Simulation Result

e 170 5. SECO/Paytoad Separation
u Y Time
Voloity | 333 ks [
5 ! Velodiny 7,69 kanfs | — P gain Az Kp Kp oMe
uam.,'uxw. - -Te - = I - =3 A E
" \ e D g 20 6.2528 5.1748 EHE AR
|~
p 5 | 30 57297 47419
MlLO}ﬂernhmn" 'D/ \
L a0 5179 42861
\m_w 134 kany
. 50 46279 3.8299
59.5 38477 3.1743 opst 1
712 3.2859 27192 Hoj 5%
1266 15243 12615 ZHE FE
udo : 0 ki ’ = .
Velocity: 0 kmjs. S e g oy pitch angle and azimuth angle vs. Time Fo T
™
Sequence Event pitchangle | Yawangle |  Time '
'
Lift-off 20.0 170.0 Q H
Lift-off § 1
Verticalflight segment completion 50.0 170.0 1741 | 5 1 E
200 1700 171 L] y
Pitch-Over '
850 170.0 121 :
8328 170.0 12.1 i
Pitch-Constant | '
838 170.0 20 3 W o ( 0 @ & M 0 120 W 18
33.8 170.0 20 . 3
g w0 E
GravityTum Mach & 67.5 170.0 61.8 2w [~ alttude]
MaxQ {Max Dynamic Pressure] 59.0 170.0 711 '§ oo
$
| /
359 1700 1269 § it |
- Main Engine Cut-Off{MECO) EW
StagelEngine Burn L
- Separationof Stage 1 a5 1723 158.1 3
- Startup of Stage2 Engine
PLF Separation Jettison of Payload Fairing 37.6 17325 1701 y, w |
- Second Engine Cut OFF(SECO) ol 2
Stage2Engine Burn 252 214587 7221 B R R E R R ® W W W0 m0 W0 0
- Payload Jettison Time Time
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3) Small Satellite 3-axis HILS simulator

Small Satellite 3-Axis HILS Simulator S USCL

| POWER System Attitude Control System R$-422 AHRS (VN100)
)

- 5/C Atttide Measire

Fower Distribution System

- &M
S sM
- 33V

DsP
Spin rate Control System
- Built In Test
- Health Check

- Spin rate Cantrol System
- Pivat Control System
CMG Attitude Estimation
Built In Test
Health Check

CubeCMG
Diameter 32 [mm]
Width 11.5 fmm]
Mass 174 lg]

Moment of Inertia o [kgm?]
Angular velocity 837.758 [rad/s]
Angular Momentum 0.0182 [Nms]
Gimbal angular velocity 114.5916 [deg/s]
Torque 36.4 [mNm]

CubeCMG - 3-axis Attitude Control Actuator of S/C

3-axis Air Bearing HILS Simulator
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1. AR (A2 E4): Robotics & Machine Learning Lab (RML)
4 A7E 1042 (TS 2092)
2. B us
43 HIEOF e o 234
Z[F4 Held, AR, AIE2FY, XA 02-300-0189 choimail@kau.ac kr
3. 27E0f
» Visual Foundation Model &
» Real-time Visual Foundation Model Architecture 7§
« large Language Model 2 O| 8%+ XtA0{X 2| AT
» large Language Model(LLM) Fine-tuning
«  El2{d 7|8t Robot vision system X AtEF AL
» 3D Object Detection Architecture 7i'&
- detetg 7|EtER A 2R Atg AAH A7
- ROS, PX4E5 8% EE & 22 MO
- AT FH|
- A THH 28 multi-GPU MH 34 B 7k multi-GPU MH] 34 (B 64)
4. A4 23
- B AT A
- SR oY O
- AARPE OY
- HRARPE OF
» AFH| X|g = neEHN 8 2 28
5. d+d S84
- 2 AEHOME e AFYAOl =0l S LS Ak #1 =F0| 52 A7 E T = US.
- = 22 XM MH(Nvidia Titan V x4) 34 8l 7+& AMH{(Nvidia RTX 8000 x4, Nvidia Quadro RTX A5000 X 8)
M2 AEE = U0 2 GPU HRE|E ERE St= HEld a&50| 7tse
» Pytorch 7|8t A4 XA multi-gpu et& T2 I E HESIS E/stn US.
- 2 AHYHME 23Xs OHME MEIX|, FiTenth § Q1S X|s & Challenge & Competition &7t2| =% QI
ANAS Sof 2 s 4sS = US.
- 2 ATEA2 B0 223t T2 WO Python, Pytorch, Pytorch-lightning S0l CHEH RS XY =2
HAISHY Ao Held o5 ZE 7 58S 2HEStD U2,
6. =

EHQIHE, EA-H[H2|HS2|7L El2, HE2Q Al 7|0FXtS A}, OtO[MB|, AERLE H|ITH S

—
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Image Semantic Segmentation

Ground Truth

Our’s Prediction

Object Detection
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Ground Truth
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Our’s Prediction

Bird’s Eyes View Semantic Segmentation

Input Images

i: ego vehicle
B: other vehicles
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TransformerE O| & ¢t Trajectory Planner

first prev stop next last

MLPlanner (2023.09.15.15.18) (Frame: 2, Time_us: 1627086626249821)
MLPlanner (2023.09.15.16.07) (Frame: 5, Time_us: 1623082573950835) .

Z3stE S AH8 St vision 7|8 XH8 F™ S5

Input RGB Image Per

»r!i\r vx  e—o
— ' Vy |¢— Reinforcement
Vz
Yaw

System Ttk
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1. A7 A A EA): Intelligent Autonomous Systems Laboratory(IASL)
fI1X - 7|42 105=

2 9% 24
K

z Azl AR TEESS
Do 5 571 AAE AA 2 .
I 5o o2 02-300-0254 younghoon.choi@kau.ac.kr
m S o]X]: [https://www.notion.so/kau-iasl/f51{60769¢9f44a586eedbcbd6a3d2d9?v=8b8a29faf6564ac9a2f
1a689e38afbe8]
3. I+ 20f

4. H7Y 2y

m OR A7)0 AFA]

= 24 Rop a® AAy(cield MatelgR}) / HAtay / et
= A &7 FBORG AI/SW £ oo wAlm Aol Qi B

5. A4 ¥
« A ATUR AREQAA S Sk 297l (3AF AP L wre 29))
- gl meEEd Aojstol AT AU A & UL
n OGe stegs A= Sede], nesmz 3 o)
n O 2B st BER (BFEHfE ol&e ARl A 7Hs)
— E2(PX4, tello 5) ¥ 2¥(Turtle bot, EV3 S)oj|A HAE 715
- EEANEAR BER

T2 Simulater 28
— obsolw 9 A BE
- 2E HAE RU] B
— 3D m3E BS
s Fad A Ao et AodEE ARe A4 R
— 2022 Airbus 101 25
— 2022 Lockheed martin falcon challenger 65
— 2021 Boeing Day 2291 81X/ 2022 Lockheed martin falcon challenger &ZEIA;
— 2021 Al % =& Atav]d) 4Ade gid 2 4
— 2020 Boeing day 25/ 2022 Boeing Day 3=
— 2020 AHE ICT Y HolAE 5954
— 2020 Al 28] =227 dAds] 4
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S HIO-Al 718 XH=HI 2

Object Detection and Tracking

Deep learning Image Classification

Aukomommous FagetA geritien AHIH ROS{Robot Operating System)&

ol 22 £OEQ0 28, HE 2 7=

Flight Result

Camera

0 F!
Esst (m) .

Controller

(€Fq—My)by I
X Ry Ky + R K P L TEq o} =wel e, (eFa— My
e N I 3 e e LS Fun[i57] "
ra i x, fa :m;"t_’rl, e z”‘@*
.—' — | - Eq. 7 =X
‘ Disturbance Observer ¢ M ‘ 1 k :
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u's AlEd0IM T2 2H2(1/2)

Framework for optimizing corridor network operation

Optimization for corridor network operations

UAM Database Corridor Network Simulation System
) I

B Y

Network Operation Optimization

3D Urban modeling
[RST—

o

UAM 27| DB, 3D LiDAR JIEt0| =& 2g ot UAM SiE HIESIS AIEdI0IA AlA
UAM 22 LIESI3 AISHIoiME 88 ZIHz JIE B3

Cargo drone based SDVRP for Blood Transportation
Spec of Cargo Drone

UAM Operational Concepts and Mathematical Modeling
Qutput of SDVRP
Mathematical Model

Vertistop
o

Output of MTVRPTW

Plots by Design Parameter

s eben 1y

o]

- MTVRPTW, SDVRP E&
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Conceptual design

T EHHIAM '

)

User
requirement

——

mission
requirement
Mission
analysis

Asspoari et
B o

Cost
estimation per!orr:nance gnelys_ls and constellation autonomousflight optimal mission assignmentand
design/optimization autonomy
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1. A EEA): OIAY AT (m. 2: Marketing Lab)
3

3 93 A Z2of A=A PR
olgsk oA 02-300-0307 sanghak.lee@kau.ac.kr

3. g E0f
» = 2 0HA| & (Neuromarketing)

KAIST College of Business

< 20Hd Aol <ol Ag 3 Wi 54>
R | . i :
rom Sensation to Emotion: A Neuromarketing Study of Sport Sponsorship Effects E g
=
Sanghak Lee |:||' I
Korea Aerospace University ;.H
El
[=]
Kitae Kim 6]
-
Yong J. Hyun :-§_ AEX ul‘;‘IIEélm
Byungho Park 9.3 e -
=
3
a

Sports Marketing

A Strategic Perspective
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