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o] oflH|E £45t%l, ROS-TCP-Connector (= S& H2|X|)2 DIAIX| I/0E AlZslstn

network QoSE HAsICH1][2].

ROS 2 Z0{|A{= Unity7} AlAtSE g2 TCP (30 Hz) 2 4418l trajectory_msgs/JointTrajectory
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It &H| 10| large-scale demonstrationsE A44Fs 2~ QICH2][3][4]. (2) practicality &
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non-sterile zone teleopO|L} surgical training data captureX @ & &|2F0| 2 S20]IA]
= equipment burdenO| L} (3) education & research ZH| 24 HMD + generic robotZt
O teleop/learning A&0| I8l 2H- 1S A|&H0f| 2F&HA0| 3L} (4) commercialization
ZH0J|A URDF—Unity automation, IK tuner (weights/damping auto-tuning), teleop —
datalogging module= SDKZ 7 | A&t 4~ @It $HH Isaac Sim/Lab XR teleop2 CloudXR
runtime dependency2} device-centric support policy S 2t @727 2M 2 B2 HA|L|
Of operational complexity7t H& 4= U=H|[9], & THO|Z2F2l2 Unity-OpenXR / MRTK3
/ XR Hands A4EHH|IZ &-25}0] adoption barriert maintenance cost2 %ZCH1][2][5].
QALK hand-tracking-based control2 no-additional-wearables AEHOf|A] XfHAZE 0l
2t S%g 22 H|o|E 2 S = HollA, 85 teleoperation x robot learning 8&2

Quest 37|7|E Set 22 H|of Hand TrackingS ¢t 2% EE H[0f core enabling technology 2 Atz |of 2 e Zxi=zd0| ICHE][6][7].
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0| 72| 2L Photoacoustic Tomography (PAT) A|AEIO| HEt5t calibrationS /&l 0|4
0l point sourceE ZAFsH= Z10|Cl A point tissueS HEZ35I0] A|AEIQ| 2ES &J|=
Ool#@7| ti2al|, 22l ultrasonic transducerdl] £t horn&lEHQ| acoustic waveguideE £
Z510] quasi-ideal point sourceE &5t IA} FICH 0| Saff CIUSH LI oA #YUstn He
frequency bandwidth@| signal& #&5t0] A|AEIS| impulse responseE HUSHH| SH5H1L
Qo

%
imaging?| quality®} reliabilityS = 4= Q\C}.

2]

= BfHO 2= MATLAB k-Wave simulatorS O|&3H horn geometry=S parameterize
5t Genetic Algorithm (GA)C 2 Z|&stE £3lGIFCt At 88 QIsH axisymmetric
approximation (2D cylindrical symmetry)= 23190, taper curve, length, thicknessE &
2 design variable2 AH3HCE loss function2 isotropy, center frequency, bandwidth, signal

duration 52 ZFH O 2 stz = 243CE

1 Z3} x[™ A=l waveguides= baseline CHH| sensor array HEH|A signal2| timing
2t magnitudeZt L& GHA LIELL} isotropyZt SFATE[RIT, frequency spectrumOl S10{ A
bandwidth EAE JHMZ|RICE 2 H= ZHEESE mechanical attachment2FQ 2 calibration
precision2 3H| = 4= 2100, simulation-based design0| 2.2 CIFst StA0| & X0 7t
SSIC) 7| E2t2= PAT imaging2| quantitative accuracy gF4f1} biomedical imaging XEte)

reliability M| 2.7} QICH

Design and Simulation of an Acoustic Waveguide for
Quasi-Point Source Generation in Photoacoustic Tomography

“Caech Cpeical Imagiog; Laborsory, Andn

Introduction Results Methods
-Principles of photoacoustic tomography (PAT) =Optimized designs (cross section and 3D structure) -Exploiting symmetry
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@ L4 CHEE} 270 I Ea+To
n% AL For our preliminary design, we introduced an air-gap-based horn-shaped taper (Fig.
j_';':, Z~SHHbE 2). The taper body was fabricated using PLA, and an air gap was maintained between
(')?J the inner and outer shells. Due to the large acoustic impedance mismatch between air . { Elgy xt=m
-E- and PLA, most of the acoustic energy undergoes total internal reflection, confining the E"g BER[ 3 Eo=zHjom Tl otel T2 Ho|
ﬁ wave within the waveguide [5]. This configuration effectively reshapes the transducer’s L N CLASSICS| 7Heta} H|M5Hs 28
10 emission into a narrower outlet and promotes broader diffraction.
rﬁ
i
2
EEL|009F SHAMENX| 7= (Nucleic acid detection)2 DNA S92 {7 222 2A16t7| I8t 7|=0ICh cHEX
0l 7|22 MAIZt £8ta 4 H4llEtZ (quantitative polymerase chain reaction, gPCR)0]| UL},
gPCR2 E% DNA MEE %, HE L F&st o & UX|PE 1Ite| FX|et HMEXQl J|&0| &
QalCh= CHEO| EXHRICE S2EFUEH2 qPCRe| HHES S507| flot Yo = o AZICH
Fig. 2 : Cross-sectional schematic of the horn-shaped taper. The transducer source is S2SEUSH2 i 01X 54 S AFSstH, TITO| 2Rt AlZt0] B0 H|uA &2 25
sositioned as indicated by the biack line. Ol ZIaEt 4 /0] oflfx|2] AFO| FCHs &7o| It D2iLE gPCRO HIsH 2 HE S0|
d2 B0 27 20| =Ct= 20| 2MES = &3lct
Optimization
The inner curve of the taper was optimized to enhance isotropy while preserving 2 A70lM S CLASSIC(Combination of Light-up Aptameric probes for high Specificity
bandwidth. To guide this process, an ansatz for the taper geometry was defined (Fig. 3). and Sensitivity with Isothermal amplification and single-strand Conversion)2 &2 R}
S0|4S Hol= M2 FTHESE0|Ch CLASSICS SSEEMSHI} HRuz s SR ¥
g 0| Bjo| g AT HEE 4 Qlr,
¥
, Hu-‘;:;_‘_%___i;3 Cf LtObt, CLASSICE G-quadruplex DNAzymeS &%t colorimetric methodoll S&5t= 7|
Transduceg [ . “‘““—'"—h-———-—-ﬁ____,:c &5 A S0|ct Colorimetric method= A|22| A H45}2 target sequencel| ZHE Z A
5 \ " = o =oIg 4 QloLt, BIZEol 4 S0l40| BofZIck= EHYO| Uct CLASSICE| Hgoz
colorimetric method2| %2 BIZtEet MY E0|MHS BetIHA L, Er ol 77| Q0] targetS
HEst= 71&2 LI SCt 3% probe HHIE 2t= oIS, target sequence?| FF
Fig. 3 : Ansatz design. The taper has a height h, and the transition from the input to Xapg Cak Jlsa 202 J|chElc)
the output aperture is described by a curve y=f(x). For simplicity, f(x) is assumed to be
continuous, though not necessarily differentiable. The height h and thickness d were WUEARD  nammsurse v 1§ s
treated as a design parameter. To minimize energy loss, the input aperture was fixed to S e
match the transducer diameter (19 mm). 2oz r1ass 1t
The curve f(x) was parameterized using a spline-based representation. Control points
were concentrated in the final quarter of the structure, as the outlet geometry
significantly
influences acoustic performance. The first control point was fixed, while the remaining
points were free parameters subject to optimization. The total length and thickness of
taper was also parameterized. The optimization aimed to minimize custom loss function S :’9 e
via genetic
Jlci== 2! In conclusion, we demonstrated a method to mimic a point source using optimized
212 dio} taper designs, combining simulation and experimental validation. We hope this
approach can be extended to various ultrasonic systems.
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iHo AL Materials
= AGHHHH
JF% T8ou Auramine O dye (AO dye)= MP BiomedicalsOl|A 2OHHCE 1M Tris-HCI (pH 7.5)= Seoulin .
oK BioscienceOl|A] Z2OHSHC}. DEPC-treated= Thermo Fisher ScientificOllA] Z2OHSHCE RPAOI A} . = =Y
ol _ _ _
il 25H= TwistAmp® Basic kit= TwistDx limiteddi| A F2O§SHCE. T7 exonuclease= New England E.Ics,l' HEZ=A] BiCQL-ML: Z|CHRE 7|8t AZsistEE <5t
19 - . —_
o BiolabsOllAf F2OHEICE PCR tubese= Corning, 82 Al 2H01S 2|5t 384-well microplates= ° HLEMN Q-2 =3
"‘J—g SPL Life SciencesOl|A] FFOHSHCE &4 dsDNA targets= IDT, 71 2|9| oligonucleotide 7}Et=
_ﬁ 2 Bioneer0l|A] 2OHSHCE. Mycobacterium tuberculosis H37Ra 32| gDNA= ATCCOl|lA{ %
R OHHCE ol2le] A|2k2 FE SigmaAldrichoflAf T2OHGHCE.
TELI229 2 17 Offine S0l B2} Al HIOIEFLF% B0 2 BAE OIEHOR SEY 4
QU= MZ2 Inverse Reinforcement Learning ¥112|S= H|QtelCt J|& J|HE2 2210 45
CLASSIC Protocol ~ )
Zr 20| CH3H o| =AMt 22 9| H=0f| Chet Q-value TICHE I 2H|Z Qlaf| H QHAA0| X ote]
Amplification 2P F201EH RPA kit2| protocold| 2t ZISHSIHCE. Primer, RPA rehydration = sHE EFCL 0|2 Z2517| /510 &2 A0l A= Bi-level Conservative Q-learning with
buffer, target sample, Magnesium acetate, DEPC-waterE vortex-mixing &t &, 2f sample Maximum Likelihood (BiCQL-ML) X & EQI5IFC & gHHe AR| CHA|0f|A] 2T} SHE 9|
= 42°Col|lA 202, 95°COl|lA 527t BFSAIZICE. o|h, 2 sample| 5% Sodium Dodecyl REE ZthsleteE 24 o458 stEshn, 5H9l EHAHoAE Conservative Q-learnings S5
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 2! urea-PAGER ZQI5ISILCE. Q-function2 H4% 0 2 st&sH= WCH 2| Ms) B2 20} 0|12 E6f HMS =] sh&556HK|
. ) = T MBI SHES M =5} HAF 3FAQL OFREIO| ()= i SlE5F A O]
Digestion ZFH0|IA= T7 exonucleaseZ 2} sampled]| ZI15t &, 22°Col| A 5EZH BI2A|ZACT e W2 ASS I IS 2 Yot rgHel Q-functionS SAlO HSE < AUC.
= = x5 S 15E T} ALD HES A || _ _ _
Ol SDA probe2f AOS E7f2t sampleS 1522 £20flAf RISAIZ! TS, microplate reader 432 MudoCo AIB2/0IE{2] DARL offine datasetS EE310{ ZIREICt 1 23}, Hiotet
=2 125 - o| mhxkt tHo 2+ o| 5T} AlS 2 5lo|5hd ) ) = -
S Ar8all 544~460 nme| T HRI0lIM 21 sample©] B2 4SS SIS, 22|52 Behavior Cloning, DAC, ValueDICE S 71 7|8 ciiy| Qpe|7| £2 B 2|88 7|2
5t dso| otg e USsINCt S5 Mistel HIo[E 20N E 245t LRSI §&52 =Rl5tH
On, 7|& Offline IRL 7|H& &7tote 2UE &1L
ABTS assay
. . o . 2t Mt Al AMIA 22 Lo 5 Jl=Me It} EF = LN
Hx| ABTS 2241} hemin buffer solutionol| target samplez} probe= &8}t reaction sample 0|2t &2 Mut= Al AH SE0ME =2 &8 JsM82 Ze=Ch E5] 22 Mo, AiEFd,
_ o4IA 2t =3 AX| LX™.OIMAH BEte AHSH= &2 =l =™ &
S 95°C 28 65°C 5, 37°C 72 42 Ax|2|51%Ct 0{7]0f heming &II5H 37°COl|A] A0 St 20| AH2=2 H|0[E] £=TO| H| X -tHN RE S ltot= EO0f0l|A J| &0 SXE
_ 2 512:5l0] Al2|A Ol HAF 5FA2 AsHSH A O] = I A
2 =0k incubation sHEQIC} HeminS X JF3t tubeoi O|2| BHS0] & ABTS 22 Holx 5 offline HIO|E{E &8510] A2l Q= B4 st&2 e o IOt IietA 2 H7= HI0JEf XHat
H,0, 8UZ Q0| M H3IE 2HE oI 2 IC2 ot Al 282 A8H, AHIM A AIASH 7ts4 2 SAIOl MAlotH, 2% LISt offline
learning =A|2 2H&E =~ g A2 2 J|CHEICH
Algorithm 1 BICQL-ML
_ Require: Offline dataset D = (s, a., s”), subset of expert demonstrations DE C D, discount factor -, conservatism coefficient
A (ol = =1 CLASSIC2 =2 DIZEQl EO|MEZ JIKIHAME J|&29 gPCRELE A|ZH0| HH| ZE2|1 X=ZH0| a, learning rates 1g, i, update frequencies Ko, Kg
1: Initialize reward network parameters # via Xavier initialization
2l dio} I7_|"—_-|_|'8|-|:|-E PAYS ‘| | %U:l— |E é‘%‘ XI_|L_—|_|‘O“ iEElE ()“[_—II'% 3}” %O:l AEU(-” tg—?—l__lO“,k-l _ﬁ_ﬂf&!g 2 Initialize Q-function (Qy; set target Q-network parameters ¢~ +— ¢
=0 O - 3: while not converged do
25| ol Ho M Lower-Level: Conservative Q-function update
2 A8Y 4 g 2402 It ¢ frkal,...Kqdo ’
5: Sample mini-batch {(s;,a,,s))}2, ~D
2 HH0l|lAM = katG sequenceE target sequence2 AHSIRX|TH probeQ| sequenceE R & Compute soft Bellman targets: . ¢ Ro(si,a) +9 18 2y Q- (44s2)
7: Compute Bellman error: Cpg + TE (Qulsiai) — i)
of w2t Cr2A| XIZfeh 4= QIC Helt, Hio|2{A2] genomic DNA(gDNA), &FMIZE 9| circulating = Compute CQL regularizer:
tumor DNA(ctDNA) 52| DNA biomarkerE targetQ 2 SHCFH CIFGH ZHO| ZThol| Al2e Loqu « EZ "’hZ"‘P(Q«(‘ +@)) — Qulsizai)
4912 202 J|CHEICh ARALEAS HEFITHH DNAE OfLI2t RNA ZE7HKIE JHsala 2 > Updae Quncion:
¢ — ¢ — 1aVs (Lae + alecaL)
O||:|'. 10: end for
1 Periodically update target network: ¢~ « &
_ _ _ _ & Upper-Level: Reward clic pelate
S ZITh 1Y S oS 2| 2HE2] I8 microplate reader CHAl ABTS assayE At&ste 2 foek=L....Kndo pper-Level: Rewand function updat
. S\ =14 _ 13: Sample mini-batch {(s;.a;,5{)}2, ~ D
TITh I3 ¢+ S0|Ct 5% HLE Safl &2 EXIohy| fIst EE9o| (7| glo| 8ol A 14: Compute soft advantage n:gn:se.iur: Iuss:!
3= M=o = EHSIO] target sequencel| 77 I HEEA0| Jhset TE Jles Hge & £,(0) « ii (m{x,,u.) - (st Ja)) = ylog 3 exp(Q. (»'.u'n));
B S\ &, ay S5
i=1 a’
%1% 319% leHE‘—“:l- 15: Update reward parameters:
0 0 — 3, VoL, (8)
16: end for
17: end while
O 18: return iy and Qo
N
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& 3= Offline Inverse Reinforcement Learning 2tZ0lIA T2} A HIO[EIS J|Etez2 &
4 gtE at5oto| 2151, MuJoCo AlZ3|0|E{2t DARL offline dataset2 &H&5t2ICt A3 2t
BO 2= HalfCheetah-v2, Hopper-v2, Walker2d-v2, Ant-v2 S CHEZXQ! < x|of 2HHIE =
et o, 2 2HHollM AR T E HEl-ts- 7F_*O| HIOIEAl 2 Y= OZ AFESIRICE ata2
NVIDIA RTX 4090 GPUZ} &=t=l At 2tH0lA 3[R0 PyTorch J|Eto2 112|158 2
SotCt.

A Hxte 3| B4 4 S5 (] B2t 245 Q-function &f& (ol THA) S LCHZ B=
She= BhAlo 2 0|20{FICt HA, Offline datasetS 7|82 2 Conservative Q-Learning(CQL)&
2510 22X 12 = (Out-of-Distribution, O0D)0|| CiSF 2ICHEIIE 2AH|SHHA Q-function
2 SI&SITCt O|0A et&E Q-function2 1S AEHOIM HEIH Ao s REE Z( et
TE 2o g5 dlsict ol 22 el 2Nt HXIE Soff WS 2 ef&ofk| e, ME
T ANHS Tt A AEe 4 Qle 243t olof] HEE QI Q-functionS SAl0 & 4= ACH

Reward Update (Upper)

Maximize log 7s(als)

*
@ Offline Dataset bi-level optimization
D = {(s,a,s")}

L CQL(Lower) J__. Qi (s,a)

Penalizes Q0D actions

Hetet BiICQL-ML €112|Ee| HMA| #2E
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Diffusion Model & &8st
Context-aware Content Generation

AyrInetc dats set, by P of 4, Baf U NTAL WIS INNO T NEN KUV NN LS ZHN

of sammic v
he 1900 EAEG Wornihop, 1-16, European Assocanon of Exploration VRV, YY VYN YRE R AT
I Gospnyticnt I I

= A0 JHETE J|H2 ZAY 2 BXIE ofLlzt EHX| X2 oFEd Eoh 3 2 B
AL 2 Hi2et 22 DLEHY S CHt 2oolM 28X &80| Jhssict. 53| 71Eoll=
= EFALO]| VSP(Vertical Seismic Profiling) 7|0| 2 AFRL|Q=0, Ol= EAF HeDF &1
E2 2l=ut A[Zto] @750l E2H0| {RYACE B 2 79| J[H2 d X[9s tidez ot
dlEstn eE2HQl BADE ISt Brldat AZFE FFol 30). mekd =-dd-33 o
e 2ot HE A AlYst 7Hs ol oM, YIIHQ 2= Kok o 22| £F4 AIZ0l|A]
S U= I LY 4= US A= J|thElCh

o

= L= ‘Diffusion model 2 &85t Context-aware content generation” S 2|5t AHE
= JHEQ! ‘Conditional Score Guidance’ 2} ‘Accelerated Likelihood Maximization’ 2 %
Z2 N|QFSICt 7| E diffusion model € image, video, human motion S C}FSt single
modality &ollM =2 455 20FUOLY, Ee=tt modality generation =01 =21
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Graphical model for Diffusion-based context-aware content generation.

H A0l A = diffusion ZES =25t context-aware content generations 2/6l 22 T2
=

KA} 41, Diffusion model 2| reverse process &= Of2lf 4=A|1} ZHC},

o1 1 A O
ofm, x; = v‘/(% X — VT — arypeo(xF, £, y"S) = ? x¢' + (1= a1 Ve log p(x[y®)

1 —
Ve log p(xf|y'®) ~ \/l—ra{X“‘ t,y'®) and ~ = ,! Vi u; -
I

JF Mzlstc 2 3= (1) Conditional Score Guidance (31. &) 2} (2) Accelerated Likelihood
Maximization (3.3. )2 AEH| MCHetO 2 M reverse processE HSIA|ZH context-aware
content generation #Z0i| 3HE5H= image editing, image inpainting, long video generation,
human motion in-betweening 1} Z2 taskE A&X O 2 Sl|ZSIC| Reverse process Of| SHESH

+= graphical model 2 1211 MIA|E|0] /20, 3. Hol|A 2A|%{Q) YHES Lo}

2 HFZ0A Xﬂ?jﬁ}% context-aware content generation 7|&& 0|0|X|, H|C|2, 3x}&
=

S
clolefoll & Jhsoll =2 28dut g x|t 5ol AF8XIS| ol =0

£5F anomaly detection 22 sh&0l| AFR =)= |0|EE Tt
A

d S
MolMde F4-AHY-VR/AR ME el HIS M2

A

na
for O ot
]
TR
L _II-Z'_
|0
U
B

o

ATEQ|of-ZE o 20| 2F0| 20|6t0] A3} THs40| 3H| =20,
of M 2R J|gh MY MH|A S ChFsH H|RLIA REE))

[
>
o
o [

r

Ral
I
oz
°
\J
ofr
o
ful

m
> oR

(r):|0 g
{0

J|ZEo| 3D AN mUse o
ol AP AU
IH20i| scenel| £&
= 2 81t AlZto| @7&|7[0] sc
57| Qs F7+5el

=
235}, =+ 0|0|X|2EE 3D scen

[o]]
|'||—

)

Ho I'

HE sHZE

ok ol 7]

Extend3D+= pretrained modeld|A Ho|E latente| 7| &£Ct
SIOTA ClE|Yst 3DE HEIS

matchingS &S5t

depth estimation=

latentE noising, denoising 5H=
ZuE ¢S 4 UCk

HZS ddsth

Extend3D= 7|EQ
Mo 2 C|H|Yst
=

centric model
3D A4 mEt

M

Extend3D : patch £t
H|&HS 3D scene 2M

dIVd NDIS3A IAILVI™D G20¢

S JtF oLt 2% 5t 3D sceneS Eo
CHEEo| BEI0| object-centric dataset@ 2 SHSE|2H 7|
| sH&5HK| 2347| tH20|C}. Scene datasetg F+&E5H= Zi0f
-level 3D A0il= H|2f0] QUC}. & H70llA = 02
AOI 7|&9] pretrained object-centric modelS

= Extend3DE H|QtGHCE.

2 3719 latentE Sal
£ st latente} O[DIX|S patchz Z2IH ZP_,Foﬂ flow
Ch OPXIDfobJect centric & 00| 2+ X242 & Ob=X| 2
A2 point cloud2 scene?| structureE =7 |SketC

S ol H U235} structureE JWA5HD pa

I

_'_

El
o
o

ASHHME J|5t
5—.% PE-IIOIEi Al glo
S AL, &= of Zg|

w
o
K
]

Il
min

olm iy
JL” b
o M
ooz ox
o 0x 0x
to *
oz 2
o 2
M —
mo 0 r@
AR
rnrorr

ol
18
o
=
[l

i

o
mjo
MY
>
$0
mjo

J’#

Figure 2. Result

€50




ZlirE TSk 2Ty

ok

14510)

Extend3D< O|O|X|E overlapping patch?] diffusion@ 2 4A5H= 0|0|X| A4 A2
Q1 MultiDiffusion[1]2} 1 & HI[2, 4, 5122 E OF0|C|{E YULCE. LatentE =2HH
2 MMSICH= 7|2 Of0|C|01E RO 2 25| (structure generation, structured latent
generation) 2| flow model2 Eal| HsliZl 37|19 latentZ AAd5H= Trellisol| &2 2hHE
X galf et glo] 7ol 4= UCE TrellisOllA Ho|El 2 7|of 5|w g i FF27F N A2+ M
HiQ! latent noiseS RHE11 0|0|X|2} latentS overlapping patch2 A2 | Zk2fol| Trellis

= mgsic)

iy

SFX|2H MultiDiffusionS text to imagedi|A] AA|El giHol7|of| 2 2HHoll= patch At
0lo] X|HO| =0[7} HefX|AHLE 22 2&|7} BHEel= 22X Tt 5t Trellis©| sub-
scene(scene®| ot £2f) M4 S ZX| 90} scene LHFS| SH|| Hefo|Lt @IX|7H &
2iXl= S olg] 2x7F Zxistct 22 7|0l 3DTown[11]01lA] OFOIC|0{E 210 monocular
depth estimator@| Z1Z 0|23l structureZ initializedt= HoHS TQHHCH Depth
estimatorE E3l point cloudE 2H=11, O|2EE occupancy voxel2 ¥=Ct. Of
occupancy voxel2 depth estimator22E{ @I0{&7|0fl 0|0|X|0l| 20|X| &= 222 H|of
Q/C}. 0|25t BIE S patch-wise flow matchingS 0|25t SDEdit[7]8 Eal sHASICY.

SHH SDEditO] start time(34. )0l 2} noisedd| 2|8 structuredi| CEA| 2|7+ 447(7]
= 5t BIE0| 25| IFOIXIX| 97| St YEFHO R structured]| 2|7 47 || ot
Mol Z|CHEE noiseS EAS h, CHE=2l Y=l0A 0iTia] BlS0| 2 Exiets AyH
O 2folgf 4= QUQUCY. w2kA SDEditE SHATH Z&5t= 210] OtL|2t of2iH BHeEste 2

o2 0| ZXIZ SHEICE

olzfet HH o2 E EEE Extend3D2| FA| pipeline Figure 1.(a)0l|A] I8t £~ QJC}

Extend3DE O|&36IH object centric H|O|E{AllRtO 2 SHEEl B0l flow REIS O]
ol 1ZE0| 3D scene2 FIHAQl st glol A , SIAIHOIA 3D
scene2 O{H T MMEH 4 9l & oLzt
Zg 0|34l IZ‘I =2 Z2|E|9| 3D scene2 Pt=
ME st D@ 210] 3D object A4 HETHS

L

HoilAf cllolefA! xIZfoll st HlE0| B == A gutot {ACk

0x
o et
O
g
—+ >0
;a—
->‘:!=‘|
H Ao
-t
E
pal
ol
_IT|_
a
N

[
o
w
O

5
$0
o
»
S
[ul

Ct
image to 3D scene0|2t= taskol| SHEEH HLE TIFHEHK|2H Extend3D
J}HQl J|&E o|2af CIUSH taskES 485t 4= QICt of

outpainting2 S8l LLMOZ scene= AH|5t11, T210f| HF topview imageE M4t &
Extend3DZ E3l 3D scene2 AMAdst= gHAlO 2 L5} L

3 7
O Ciefet WA 2 3D scenes 21501 0f2] 200 38 4 AUS A= TYsich

A of

rr om
Jo

|AIZ cllo|E{of| CHEt
4 Ckolo| osHet Al 22

dIVd NDIS3A IAILVI™D G20¢

n

m

ol

Z|2 Ale| 2 aFH 0l A Time Series CIO|EIE C
8 A|74|°E'(F|nan0|a| Time Series)ol| Cliat +_H5!O| L0ofx|H
=0[ 0|0{X| 11 RAct. of2{st HiA
H|0|E19P AAE I3|0|E1—C’-| 5—17?—"\—

i)l
2
tob
)
s}
=
-

Rl
n}
(@]

65
g
0
-
T
fual

il
2 4> mn

O oA
X oo Od

> K

-

rir

=

o

i=)

Dal

o

mjo oy
0lo

=

e oE
el

k=)
o
=2

[l

-

o Mo o
ro

i

N
At

HIP 7H‘&|OI &= OFE

e

mjo
Ral

Il
1
$0

4
o
H
e
Lo
o>
2
o 1A

==

ol
El
on
4%
0
A

ﬂJIO
>
@
2
=2
i

H>

woreoop re

=

]

HA% Eo:l B’ /\|

ba

=, EﬂﬁE E‘||O|E1§i JlEe

L 0| J|& iR BEs
ataset0f| CHal =
=& HIX|ot= diolE4llel

s

™ H

4

Exchange RateOf| A

9so




2 TSk EvTik

ox

950

Toward Frequency-Domain Understanding and Al
- Driven Modeling of Financial Time Series

Abstract

UHg 242 gAz), I ZUHE, 28 U S Dsh 20 M
EEE1D UCH, LSTMI Transformer HIZ Eﬂ[l‘lransformr.
FEDformer, Crossformer, PatchTST, TimesNet)2 BH k2L 2
AI= 3B AMHE NSH THS PEM S0 L 223 Z2M Al
Jigt H2E HEGHALL HI0IE S pykrx 2HIE2H2IE Sill 2021 ~

20254 SO LHUTTL-SKEI0ISA LB, 01281 313, 28,

VIX, Y2 &0H2-2 SS SEGIACH, MIX M SA4S Yol FFT
J|¥t Sparse_masking & HE26t0 2oligt £ 279 iTransformer®
backbonS 2 AESGIILEL A 2Nt 2 DWS M 0F18% JI
+ES 20 28 WAIDI3 HOIEHANME JIE 2 (Y 243

IE HEIRY WSS 20 2E0I TREE HrstLh

HES AUGIAL. SHE BISH HSHE ST U0 2= EIﬁE/

Introduction

TimeSeries datalil (8! 242 health care, Weather,
Temperature, TrafficS CHfE 2OMH A 0ISEl 0 SEH 2L
HEHO ANNS HIZOHH, B AZEX SHY IS8T 24 EHE
SHEEt LSTM(Hochreitar et al., 1997), 71£8| Neural network
FEI 0t attention FEE 0128 Transformer(Vaswani et al.,
2017), Transfarmer J1£49| iTransformer(Liu et al., 2023),
Fedformer(Zhou et al.,2022), Crossformer(Zhang & Yan, 2023),
PatchTST(Nie et al., 2022), TimesNet{Wu et al., 2023)S [}2#t
DU 2ER SihM Timeseriess 2HEH L

Finance 20 MT AIE AH2E! TimeSeries E41M N8t A4S
HH 2MII D UL 01F 0128 M stock price forecasting Dt risk
management S A2 SRS (128 WEr0 2 MEC|= S0ICL
OI21EH B2 DRI JHOI01 S=EIE [I0IEI 2 modeling®t modelS
HIZOZ £M S & £ USTIM HE 0ISH [HEF CHEEr AT S8t
OIHHE 7t ULk

IE &gt Datalt Frequency domainlil [HE! Sparse masking

WAS HE5 modelS 012610 S2ADIE £FH MO S+US
&SI, Financial Benchmark datasetl = Frequency
domainlll [HE! modeling0l S2I013HH EEoH=XI =I5k} 30k

Methods and Materials

1. Data$:E
Stock Enca forecastingS Gt71 YoM & 0I=06tH
MO AE, SK hynixel M E, 013 J;F'EI FETUE
2E(3083, 109), 2U 221 X2 LF(EW, 191 SELX(VIX),
SHETTHH ChEt 2201 =05 WS, BHEES 2 Ha2!
00:002 M SHEM =EHCL J12t2 2021-01-01 $H 2025-06-
300/ Q=0 I3 22 HRE= E=0| N2 UK £EMCE

2. Modeling £ model

[ Output ] Figure 1. Freguency stock modsl
EHE input 2EtEN B FFTE
HES 0%, 0~0.05, 0.05~0.1,,0.4~05
HANM amplitudeS JIECF sparse
maskinglls top_kE hyper parameticTHA|
Gt=E GHELL 0% backbone F£2=
HFC LFO iTransformer S MEGHE S, Long term
embedding ] [ embedding (5022 A2 Output = HF{} *0.4+ LFQ=
et e Bintiny,
i ime sarnas =44
FFT Block LFQ itranstormer 2] o_rmodel = 2 » HFQ
Hyper parametic se maski itransformer2l d_medslE B
3. Optimizer, Loss, Metric
Optimizers, sam_adamWE ME2# 1, Loss2E Mape 8
AH23LCE Bt MetricBl F20H =, S8 202, 502 J'IEJISJ 20|
#IHOl 71240 = 0HA long, SLHH short position= No leverage=

HFO LFC
[ ltransformer ] [ Itransformer ]

HUACH, MAE 201E 0 80%0 TEGHH LY, M &E +UFE D
EHHZ 2878 5%00 2 LB BHSHs 2HEE Metric 22 HIAHCE

Results

A48 ol ST
At CHER 27

Metriclmodel Ours Transformer | Mransformer | PatchTST FEDformer
50 days

o

Elg =HEY
40l 2tF Hlo| 2 7|t H|ISS 26t Wz o]

4sat oR= 8y

K

MSE 0.0710 0.1765 0.2180 0.0610 0.3378
MAE 0.2087 0.3743 04112 01941 0.4551
Our PEL 2.46% -0.48% -2.45% -1.16% 1.29%
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Discussion & Conclusion

Figure 2.9] (a)2 (b)& B, 502 J|E B3 2AR0] 2.46%,
208 JIE B +UB0| B2 1% UE L £ AL 013
SH101 3652!, 5 HeH2! S HQIGHH 3002 B2t BEgt
HAFSHIHH 50 EXHJIE 19 SUZE2 1.0246%6 = 1.15692 14
JIE 15.69%9 YOS 2 JIMHEIH, 202 J|E +=UYBE 1.01"15=
1.16092 14 J|F 16.09%2] = AUE0| J|HELL OIS S0 ket
Bt metricE JIBICS 2 £ UR0| L= 222 20 modelll
Financial stock datalil (6l EFEIEH 2@ &0IE & Q0L

Figure 2.2] (c)& 29 Financial benchmark dataset3 iLI2!
Exchange_rateMl LH3H M = MSE, MAEJ} [+HE modelS 0l HItHM
F k2 28 =018t & 2Lk 018 ZiHM Financial dataset?|
FI: SN M2 2ohs D OE blockMM SH&6Hs 212 EIEEt
2012k

=280 S2tl= F201 EMEID Bt metricH UBEE
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2OHS Y 4 2= Language modelE ETHEH multimodal
Forecasting AIZ2] H32It LIEHH SN LU2H I ETHdls
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