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Layout Generation for Graduation Albums Based on Reinforcement Learning with
Large Language Model and Image Clustering

Hiraku MATSUDA f(Sudent Member), Mutsuo SANOf(Member), Nobutaka HAYAMA ', Masahiro OGA '

T Graduate School of Information Science and Technology, Osaka Institute of Technology,
1 Faculty of Information Science and Technology, Osaka Institute of Technology,
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<Summary> Creating graduation albums involves significant effort to arrange large numbers of photos. However, this task requires
experience and knowledge of layout design, making automation difficult. Furthermore, when designing the layout for a graduation
albums, images must be arranged according to rules specific to graduation albums, such as adjusting image sizes based on the
number of subjects and the content, and a layout that meets these requirements must be generated. However, no research has been
conducted to address these challenges to date. Therefore, this study proposes a method for generating layouts using reinforcement
learning with Large Language Model (LLM) and image clustering. Experiments using actual graduation album layouts confirmed
that the method can generate appropriate layouts.

Keywor ds: layout generation, large language model, clustering, grpo, supervised fine-tuning

1. [FL&IC

HET WANLFEIZBWT, LA 70 NOFERIET L3 A
OB LA T HEEREETR TH L. ZOEELHEY T
HLAT R, RERARRE LICEY) 2 LA T Y N EAE
5. UL, ZOEETIIEL OB xR TRICEE 21T
IMENRDH BT, LA T XL s THRERREW. £
7o, TERAEOERIC X AIEIER, FEEMOELRIZ L HNED
EHEICYH, RONTZMAO L &G L iudz by, #
FEOVERIIILECFIRIN & 5 728, HITEDIRIEZBE <7 th
WO EENRD SND . Z OREEfRRT D 720I121T
VAT U hO—EEEOBBLEZIT I NERH D EZ X B

97

L. TP L, THETEETLANAD LA T MERRIZEA
EEWTERFIITD 700, ZR3 T S WP DR % 1
FARE LTV Z Enh, FRETAALRE LHRL, g
DEEEDBIEF LN E NS R B D, FTERATHEE KX
SEET 5D Z &R0, JELIT 22U < \ZBLE 92 72 & Ol
KR RHY, ZnbORMEEETIVNERDS.

Z T, RFETIELA T 74 —OEBRFCEREKD,
KBWRSEEET /L (LLM) KO T AZ Y > 7 & Wiz 253
TINSEDLAT 7 M BEVAERT 5 VAT AOFEEE(TH
RETETIE, ALHEET - - ES % LLM IZ A L, b7
VAT NEERT D, FT2, LA T UE—0ERE K
Bz, EROFESE OREIZTFE CER TS 2 L LAET



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

HD. EBRTIX, 7or— MEXOTEN T ER L O
BB AT, AT AOFERAMEERTSH. T LT, M
EROMBRE LCEEZROSHOREEEZIRRD

2. WXRFZE

T, LA 7 U O BEIVERICEET 2 E D A L LT, LLM
RKBUE~ LT E—ZVET L (LMM) & W03 A
2B Z b Tns. Tang "I, hml XD LA T U T
V7 — MR EHDIAT Z & T, iSO ERREIT D
LayoutNUWA #4284 LT\ 5. Tian? 51, FRRLA4 7Y
h OHiE(L & Chain-of-Thought (CoT) Y% i\ T, LMM T®
LA 7 MEREATS RelLayout 2R L7Z. LiVH1E, LLM
Wb L 72 i {k %8 F 15 TH % Group Relative Policy
Optimization (GRPO) 9% AT, LA 77 O bx1T 9
LaySPA #4282 L7z, 74 b2 T — 2 O BEVERKICRE 3 A0
EELT, Yu b NTLVIRLE I SoftCollage 73Z1F H AL
5. ZOFETIE, BEVEEZANT, B ORHE 4 5k
BLEEERAZELRVWLL T Y b4k T 5. £77,
Zhang 5 Vi, TEIEMIESE 2 BV CRifg OB E-CIERF O FiHE
EITH 74 haTd—Va OFEEFRE L

LLM & Wz b A 7 7 MEKIZBET 2058 T, EICHES
RRAF =DV AT U NERGIILTNDNR, ZEHETANL
DX 7% OERER S FRITAThIL TR, 74 ha
77—y a2 BBVERICET 2R TIE, BEOBSEE W
LAT T REERTED 0D, WHERD A E DT
BIEXEBRE STV, £z, 2RET VA TEBOMER
EHIFDBVENDH DD, BIROMIETIIRAZIELRNE D
WCREEHI LTS, 20X 91, kO FIETITEET
JVS DHWED BRI S D Z LT TE TVRU.

F DT, AW TIL GRPO X CoT KT, LA T U kA
wAk7p EDOFIERR, B 5 FHEh R O 2 AV ¢,
B OREEDfRRZ X 5. # LT, EEORET A NRLDL
AT U NEFEE LT MCED, ZBET N ANLOHRNR
LA 7T MMERRIZELY #H e,

3. IBEF&E

AWFFETIE, LSRR T A% U v 77 8 O &2 v
T, BETNNRLDOLAT U MERICR L L7z LLM O%H
175, BEFETIE, LA T UZ—DEEO—E %Y AT
AT HTERTEHET NS LD LA T MillE% BT 5
£, VAT AR & BN TEgREAE AL L2, Bito
MR T 2452 Y 2 77 8 ORPLEEITY, e M
ERET 5. 2L, 7urF rE LLMICANTHZ & TLA
T MEART D, ZOARBERETIE, WBNSTALY
7 ERIZFEIE, T OEENIC T D EHERLE ONE TER ZAT

I, TNHDISLELLNELAT UE=MTID, EH5

EBLV AT ADTIMDICOWVWTHEE CTRIRT L2 LN TE D,

HIEDOHETIE, VAT U —DEREZKLI-LVAT

98

U NEERTEIENTED. £z, BHEOBAIIETHE
BB VAT ADTOD, ERLIZVAT U "L AT U4 —
ORBRPFRRICIEVVRE T 2 2L b T 5. B 1 ICATE
DK ERT. $£72, EEBOEET L ARLORMEZ
FET D70, XA anklsth R T LA T U ¥ —
WKL e T U o TRE RN L. LA R 32T N
OB, ATROREICE SN0 TH .
FETNAAMUIZ L OEBBEENTVDED, Zbi
B L7z b DR LA ICELE SN AMEAICH D . D7),
NV LICHBE I TAZ YT L, R—=UREKET TR
AEIRICHEITH LT, LAT U NOEEEITS . A
HCIIEBO 7 7 A2 ) 7 RO, ERHSCEGIHEE T L
WL EEEOHEMEEIT> TS, ZROHOHMIE, LA T
UA—IIXTHET Y TREICKSEERELCND. I
bETur7 MIDIATZ LIZ LY, R FRE LLM
ICEZ2CWa. E£72, BEKOmE B S Li-ErER %
T XA MR LI LLM [ZASL, LA T bOERR
119, VAT U NOARKITYZ T A XA & BBELE IS
TITV, 2RO OMENEFR—DFET L EHNT NS,

7T AAERAE AR T DX AT TIE, VAT U baxbiIE
L7z T AL O#iFLZ R THERETEHT —Z L LTWb. £
LC, MBORBEEITH ¥ A7 T, ThENDT 7 AHH
W LR OREEZT VL, FET—4 L LS. LM
OFEBIIFEH Y 77 A4 v F2—=2T KO, LLM IZFHL
L7885 LD GRPO Z V5 Z & ¢, ikt /47w
FEERT D, B2 I EOWNETRT. ek, Ak kS
VAT X —DERXERM LI VA T T N EfERT 572
W, BT 72X, # L IXEBEE % T8 CrER AT
RRRERE LTUATAEHRIF LTS, 2ol LT, L
AT OE—=W7 T RALERERE L%, 77 AZNOHEB
Z LLM DEETLHZ L8, LA T v X —OERZE Xk
LODULAT U MEROIEEZ T HZ LN TED.

e
=

LATIE—ELATY) FERETMCEBER

L7k
Py

EREEDER

EfRORIEHE

ERFE RO

[ EEECT AN L 7ok
R Jayzk ERETI
UMAP o K-Moans++ } ‘

EgDYZIREY YT

55 RS RADER

EREEOER

93X SMBEREERNT
ECPEIN Y

M1 AFEONH
Figl Flow of the method

FEAT— S OFNE LATY FERETILOEE

rF—5

LA 7 T
 1Ea
T

®2 FEHOWN

Fig2 Learning process



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

F72, AFETIE LLM (2 X 57 7 A X fEEAERKICE S EK
5. LT, AERRCHEE HIEOFENCEE LT, LR
THERTWL . B, 2ET NN ALRO— DRI
DOELRLIZE D HERIRD LN TNDH 20, RKFETIEA
— VBT RBIE TO LA T U hOAERKICE A -
T3,

31 L4777V rOEK

LA T T MERCTH, BEOBEFEEZIRVE S 72D, LLM IZ
FEIRNB G BT a7 N EER T D2 HERH D, ek
R D-9TIE, LA 7T FOFRBLUT html R json AMEH 41T
W2, ARFETHE xml 2T 5. xml OF#E LT, #
ELT — 2 ORBNES THHRPZET BN D, xml TIEA
NFHEECEREZRIUTHENRS THDH. £, BEE
BHRICRETE DI E0nD, EEHSA 7 — N7 8% O
EEHS ZEICH LTS, B3I xm BXOLAT Y D
W %77 g

F72, HRETNANRLADLAT DT T, BROEBEZER
FTZDT AR NEEEZIRNEWIEFINSH D, 2T
AFETEIEGRE A r— L ET A NETRET S, Zh
&Y, TR "ERFFLIEEE, X— 22883 g
D2 EICEVEBOREIFZABIIERT LI ENTED.

ZLT, 7 I7AFERIT AT MbEARIZERT 52
EIRTEDLIWD, x BIEL y FEECAELZRILL, HtE &8
IE CREIROEREZRT. ZNHOHKMIE, K3 DL xml
DFMEICHDIAEND. ZDX ), AFETHEELZZ<
B 572, LLM ORI % h) | S8 2 REM e Fik
& L CHI B % Chain-of-Thought (CoT) ¥% 7' 7" MZHW
5. ZOFETHE, LLMICHAICE S £ TORERRE LA
IEHZEITEY, HOIOKELZ M EIEDLZENTES.

AFE T 7 AX Z L\ ZELE IR OREIR & ONtiE 3 21k
T 570, FEESMIEE S EE ST UE O aTREMEA RS S
D, ENE IO, BROEER LA T 7 kOIS
WCELE SN2V E D CoT AWV CHIIRT 5. BRMICiE, M
B x PEER N y JEAE7N 7 5 2 2 SEI OO AEIE K OENE & 0 /)N
S, 0 XD REVWZ L 2WE T & ICHERT D,

B TRE LI SREEENTOV T +
- BiE--layout - LA T FRIKERT, cluster : KU SRIFHEERT

“xml

<?xml version="1.0" encoding="UTF-8" 7>

<layout task="% X M&LB" layout_width="_— T DIEIE" layout_height="— T D#IE">
<cluster sum_images="BIf&&#" sum_scores="EEED G x="dDxXERR" y="rh Dy EHE"
cluster_width="% 5 2 & O&IE" cluster_height="% 5 X 2 OHEIE" />

</layout>

R TRE LE-EGREOTOL T+
- BiE-clayout - LA 7 hRIEERT, image: £YSRAAEHICEYT SEGERT

“xml

<?xml version="1.0" encoding="UTF-8" 7>

<cluster task="4 X & D" cluster_width="49 5 X & DIEIF" cluster_height="4 5 X & DHEIE">
<image num_person="#E kN A" x="ixELR" y="thiLy LR scale="BHR DK E &
aspect-ratio="7 X% k" score="E{EDEEE" />

<[cluster>

K3 xmBXTRLIZVAT U SOME

Fig.3 Layout overview in xml format

99

3.2 BERHICKBAABAIU b+

T VANLTIE, FEGFETIRE B SNDMHAIH
L. ZOEHE LT, EERHRITED L ICHIBEDRE
SEMRT HNER S L RABET OND. TDD, BEiR
ERWTHEERD NI D NEATH. Fiz, FETANL
WZBWT, LA T U MUEHT 2 FES— U RITFHRIIC
BEINTNVD2W, KL TIIEGEO SR N O EE
FEELENbD LTS,

ARFETIE, QELERE &R ICEN D YaNet” % VTR
HAEFEE L. B L7 A xml TEND LA 70 R,
num_person JEME & L CTHlDIATe. F/2, AP S0
STEEEIIANEAE 0 LT 5.

3.3 EgREMAEETIL

EET N SATH, HEREICEZEEO®ROERS KX <AL
BINhb. 207, BBROEBEEELZIHMEL, LLMIZ7 1
ThELTHZDZETHBOBEEELZEZERBLIZLAT T L
EERT 5 2 LN TEX S, 12771, HEROEHEEHEE T VT,
IO 7e & OENRHIZ L LT-EHIA 1T 5 72, A
Y ORRENE e & EEE OHENEL T FHET VN ATITE X
RN, FDIWD, HRETARNMMHL LT —Zy N 2R
WCFETOUENRDD.

EGFHEAOT — 2y M EERT 2121E, REDEBIC
S UFERETIMiA G2 5 Z L 3% EL 2%, L, LA
TR —NA & DR EWAT L OMEEEITH Z LITREET
HDH. XIT, AFETIEILA T U HOBEG O 72 E
FEEBBROFM L9252 & ¢, BEMICHEEEMAOT — ¥
Ty MERERT . B4 ICEEIFHEET L OFE O E R
T
AFETIE, VAT Y MOERORE S & HIT, mfo
BEEELRENT . XR—VICEENAEEOEE OEEA; &
R=VNZE EN LI O A pean D L E KD B Z & T
BHEELZRINT D, £, BEBOEEEIT0.1-10 OFEFHEIH]
RBLTWE. RDICA 27 OBEHRE R

0]

KON BLND LI, FEGOEEELIIN—T LD
T D V- FEA mean \ARLET 5. KGO MG O RIFE AN FHIE
L0y RETNE, ZOEBOEEEIIEL 5. Wi, ¥
PIEL 0 &/ STHITEEE MG 2 5.

LRI B LIz 2 a7 AT 5. LovL,
LA 77 MR 2 RAEEBEOEBIIAATH L7120, Fix
EOAaT7EHNTHIENTERN. 22T, L1417 U b
DT —# & FE8 LT BEGEHRE T V&2 VT, RAHEBROE
FEE R T 5.



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

LAFILT—4

__lao

ANEROEE - R— O NERO T EE

i
BEE
sist172 Pl

Siglip2OER T a—5EAT

=N )
BHAY ML e

4 EEEHET T VIZRBIT D FEE ORI

Fig4 Learning process in image evaluation model

KRFETIL, EEEHIEE T LI Aesthetic Predictor v210 % i
15, ZOETNAOREEHHB L LT, WSO
WICHEGSFEET VO a—F & FANTND 2 & HRZE 7“‘62]%
%. 3ABICHRARDWEBEO 7 T AL ) 7T, BB SEE
»ﬁ%%mbtﬁﬁ;%ﬁﬁ&bfﬁwétb,%ﬁg%m
MT D2 LIT RV AROMRIERD Z LR TED. £, 4
BOMEREE 3BO Fay 77y MaTlksnh szt
Mo, MENEETHL EWVIFERH D, 2 b0
%< OEGEH D ZEET VAR LFHTECBOTEL TV

FET—FELT, v%?&%ﬂgmmbtﬁﬁﬁoﬁm
MORMLIzAaT7ORTEZHANWDZ LT, RMT—X0 0D
AaT7 EWET HETNVEERT 5. £, BAROEBRS

FEETLTH D SigllP2'VE FHVCTHEIE D & ORI 217
I ZFLTCEHLEAaT I mERO LA 7 v hNIT score
JEMEE L THEOIA T,

3.4 EBOYZRZIDY

FETNANLORMEE LT, RO ANBITHAEIL, Hifg
BEENLL 2B bV ) mRFETF s, BEIZK-oTE, 1o
DUAT T MIEBEN0EEGEENDIZ L HD. TDT-
O, WEREMOERY ZEE LoD, 2 TOMBOMECKE
SE—EICTHT A LFHELEE N5,

ZOREEEZ, B0 TAZ Y T ET, TS
W% 7 — kT 52 & TLA T 7 bR EEd
L. FLT, 7 T7AZHEMTHEEREZ TR L%, Ztho
IRNICIR A EE T 5L nWH T e—F&2 L 5. Zhilk
0, BIETIERL Y T AZ A CTEBORLE A FE TE 5.

AFETIE, EEESEET 2 AT Lot
L, BERTopic'? & [FEkDTFEZHWT I FAZ Y 7 %4TS .
F 9, WOTHIRTED UMAPY CRESE DR T & Bl L 72,
HDBSCANWCZ Z X4 Y 7 %4T75. HDBSCAN DK &
LT, FENCY FAZMEIEET DHEN L, SRETH
HIEMFETOND. TDD, VAT X —INT T A E
fREET L, BT HEBAERBE T IAZ Y /T
HEVHIRENRDHD. BT ADANCIE, EEIFHEET LIS
EA L7 R a2 A L, QWHOMELER>TN5

35 HEHY I7AFa—=2Y

LLM |Z GRPO %3 H X/ 5/, 87—
Y77y Fa—=1 (SFT) %179.

5 Z AL L
GRPO T3, 3.6

100

%®7j_?/FﬁM®%ﬁT¢A6iO
< v MZAEET 5 X 5 FEMTbhD. %0)71&’), FHIZ SFT
PITHOZ LITXY, Honlo7+—~y MIh-T=H %
?5%7w%¢ﬁf%é FEDET MK L GRPO % i 9
HTEICRY, FEHPEOUBENDL Z ENTES.

, BED T —

36 GRPOIZ&KBLATY rDOEEIL

GRPO %, DeepSeekMath® THE4S I417z, LLM IZRHEL L7
L FEFETHD. @?%@%@kbf,ﬁ%ﬁﬁ%*
OBEXY NT—TEREL LI=Z L2k, 2R
T2 RBFT N5,

HEETNNRADLAT U ML HigE T& 50 ERA
W R EDON—VRFEET D, GRPO T, {EEOEXTH
BB 2R ET D Z MR TE D70, I HDNA—VIIHED
VAT MCEWHINE 5252 LN T&E D, ZDXHIT,
WY WM A ET A Z Lick Y, BMICAILIZYA T
U NEERTED EEZXOND. LA T U MERKIZEBWT,
GRPO & LaySPAYDEE IV S TN D

ATETIE, 77z5ﬁﬁkﬁ@MEk%:i@®ﬁM%
BakET D, 77 AXFEREBBERD X A7 TRE R
72 WIS VT2 E, EhEno X A7 Z L ERlo
ETNEFETHIMNENRDD. ZORE, TETALOU0EL
PLBUZIR D728, MBOIWFEEEIND. ZDT®
ARFETIIEORMEIE A NS 2 & T, 1| DOETMIC
L7 T A X gk & G E O Q%Efff)fb‘é

72, xml DT F—~< v bR TOEEAICE, —RICH
M%o_?é.&k,%h%h@ﬁ%@mkmil_ﬂﬁb
TS, HEOEZRY SmEER EO—EHE ~OBFlL e %
b5 <720, FEIEAMAR 1.0 DEBEACHREL TWS. 7
F—~ > MR, Unsloth23AB8 L T2 F28pc -
<. PATICHBNBIR DR 4~ 7.

HRIZES 74—~ v MERE

FANCRE LT 7 +—~ » MIIED BTN A 52 5.
A [AlE, <start_working_out> & <end_working_out> D] FEE it
&, <solution> & </solution>D[HIZ xml TEXD LA T '7 kA
LS VT BN BIMR rormar & 1 5-2, £ 9 TIROGE TN
Reormar >0 &72%.

BROMBREIZESL 73—~ v MR

Hi 7712 <start_working_out>, <end_working_out>, <solution>,
<fsolution> DUNFHLA 1 DAEEND Z L ATHIMR ormar—cne
#02552%. ZAUCEKY, 7 —~ v MIHED M ERT.

HEROER Y EREICES < S

R OBRARER Y NVELD &, WEROER P OEER
EWBBEILTLE D AT ESND. 20 &) ki
B<7cth, ZRET N NATIIEEOE R 28T 5 X 9 I
BEATHMERHD. ZOREREEZ, THEShZEEOR



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

A prea &, IEARDHIED HifHA e ORI TE LT 72 Y 231,
MR overtap & FLHT 2. KWHIMR periap DFLHIF A RT .

A N A
Rovertap = 1 — max ' TTmin 2

Amin

22T, RWR L7zAmintFmin(Apred, Atrue) 755 Amax
tImax(Apreds Atrue )7 DRODID . Apin & Amax BWER Y
STH & Ay DHEERD D Z LIk Y, EARYNEEO L
DREEZ HD LMDV THETE S, ZOMEEWIMR pperiap
ETHIELITLY, BB T AXOEL Y D IROELE D
FHEAES 5. B 5 IR eriap O T HIERE TS

SR O ERRICES < S

AFIETIE, B ROIZEEES, $EROANEE b
LICHEBORE S ETPHITS. 2 LT, FHISKEEFEOR
FAprea &, IEFEDIEZ DA e & VT, & OFREET-HIF
ROEREPEMUTNDETET 5. ZOEBMIR a0 & T
5 ET, BT T A S RO B EME TS E S
KO)ZHENR i DHE A RT

min(Apred: Atrue)

3
maX(Apred: Atrue)

Ryatio =

IR A~D XA H L OF I E-S < il

BT VANLD LA T T MIBNT, BEROIIHE LITE
BABNRDIZD, LA T U - OEBSMCE AT S 20
FOICHEZT O LENRH L. T LIZHIEOE R Apred & »
LA T 0 SO S IX AN IR O Agverfiow 2> O,
WA A~D XA U EES < AR gyerflow F BHIT 5. 2O X
1T, TEEPICERE SN BRI A 5252 LTk b,
VAT U NOFHAN~OBLEZRET 5. @)@
Roverflow DA A 777

A
Roverflow = 1 — ZLﬂdow )
pre
Amax Amin Amax n Amin
_ Amax n Amin
Roverlap =1- A
min
K5 ®ERIZESIHEMoRER

Fig5 Calculation of rewards based on overlap

101

4. EFHMHmZEER
AFIEOREERZEZAT ) 7o, BETNNRLDOLAT T b
MHERENEZT 2y FEERA L TEREZIT). AFER
THEATHLAT U ME, XA aoklatt Yol hob b

TWE Lz, FEF—XIZ L UL, FETY ) T—var
ATV, HERERCIZZ SR Z2 VU B AWTHEEITY T 24

EHEET D.

F72, AFEBRTIILLM OEF /L LT, Qwen3-4Bl0% %
ELTZ. ZOETME, BFRPa—T 4 T DEAZITEN
TENLTEY, 6 81D 320 BETONRTA—FEROET
ANABEENTNE. KUAT LA TIHEANEREW D 120,
02— VOB TIITCE D/NUDOET AR E LD, /3
T A—H BN LT EHRED A LT A HIAICH B

INBDEEEEL, KT LA TIL A0 /3T A —F & F;
2 Qwen3-4B ZET L7z, ZOET /ML, RO T X —
X ZFFD Gemma-3-4B'X° Qwen2.5-7B'® & [hil L, #HFoo
—T AT DHATIZBNCTREVIBEZER L CWD. £
Z DT LM AR ATEEZR Apache 2.0 7 A BV ATH 5.

EERNA & LT, Qwen3-4B ([ZHHiidH 0 77 A v F 2—=
7 (SFT) KUY GRPO \Z X258 &7V, LA 7 7 MEEAE
B & EHERRE OFERN G, TEREL A 7 U N & OmEfEH (ratio)
EHE72 D (overlap) KON A 77 s OFIFHN~DOHELE (inside)
BRDDHZ L THEE LN S, ratio & inside DEHIE, 3.6 T
R LK@ E K@D, overlap IFXG)BEHT 5. 2 2T,
Agumrect/£7 7 A X L IXEBOER D & £/ HEED
Bl Algourrect! TER Y HETEBEOAFH AT

Alayout-rect

overlap =1 — ®)

Asum-rect

ZLT, ZHMERETY BRWEETAEEEL, ThE
ORI L CHIRELIT). 207 7 L—ya v FERE
WLT, KM ED LS RBE E2IToTHD Mo
TR 5.

Fi, MERFEL OHERTIE, BEHO 7+ FaT—
U a A TETH D SoftCollage® & D LI EFTV, Ak Sz
LA T T MCOWTERERNS, B HOmgRT — %
Wi, 74 hag—va ficfb Lz AIC T —4 kv b 9%
s,

BtRIZ, R AT AOBEMIZI T 2 EAMEEHERT 572
W, ¥4 2 StHITBET 5 4 ZDOVLAT VX —DH 7]
Db L, 5 EEORNEIZE SO FEHEERE1T O . %
LT, BoNMRERIC, RUAT AOMREICET 255
ATV, BETARE S OW TR RTNL .



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

4.1 EERRTE

ETNDO M L—=U T2 LM OFEHZ 477U Th
% Unsloth™®% vy, SFTIZ X 2 FRIE ISR 2 =R v 7 F4T
9 %. GRPO IZL2H TR 3 =R v 7 FT7 5. FEEW
FEEFHEICERAT 20470 ML, Ho0L LI TAZ T v
7%%%&@%&&8@%@@%ﬁofmé

7 7 A EROFENIEE 112 B, FEEERHmIZILE 145 4%
DLATT MEERLE. ZLT, @ﬁ%@%ﬂﬁoﬁf
FHIZIE, VAT UMD TAENLEID LIRS LAT
v hERWS. E£o, BGEHEET L OFEITE, FEHHAO
WG T — & O&IEANTN5.

LA T U bOEBIRFHMIERTIL, 5 BFEOFMRED
Hl, 4 HDOUAT X —=NEBRIMEZTT S . FHIER
i, TR 2 ERAEOICEE SN TWETH? ), THEIC
Folz \OKE ZITHE)TT22?) O 2HETHS. -l
KRDOLAT U ML, A aaklSthom hob & TIE
L7283t 349 BDZEZET NS DD 7 VEHG A L CTE
5. £, BETANRLATIEILA T Y I LTS
G OB EACT 5. BB O I X 2 FHliOE &
WFET 570, ZOmEgEIG T 2 # L1230 £, 40 K, 50 4%,
60 KoL % 3 [\ 2FT, B R KDL AT U N EAE
BT 5. 2 OEBEIOE KT DRl DE IO
THHELT D

42 ZEEHER

R 117 T AZEBARO EFFER 273, b OFHf
FEREIL, overlap D& 0 1TV ERHIAE < 72 5. £72, i
b BAFRAERZ KT TRLTND.

F 1 05, KAHIE B IS U R & bR -7 L
T, WEMET 52 EX3MRTES. ZOHIE LT, ratio
(2B 2 WM RA S A BV 2B T LTI, ratio OfEAME
THEHR L 1R1FE L7 TD.

R1 7T AZHEBAEROERHRIR

Tablel Experimental results on cluster region generation

RIBE %L ratio overlapjinside]
ratio+overlap+inside0.906, 0.014 |0.999
0.898] 0.005 ]0.999,
0.901] 0.019] 1.0
0450, 00 | 1.0

ratio+overlap

ratio+ inside

overlap+inside

=2 EREE O FERRER
Table2 Experimental results of the image placement

RIBE L ratio overlapjinside]
ratio+overlap+inside0.767| 0.085 |0.983
0.768 0.087 [0.971
0.768 0.236 |0.989
0.043] 0.007 |0.991

ratio+overlap

ratio+ inside

overlap+inside

102

F72, ETOHRMBEEHNTEE LEZET LTI, &S
il & FeARAEAS 0.001 & AR TEEDD 720 inside & B < FHHGTE
HIZBW TR BIRWVBEZ R L TV RN &b, 2N
BRI IR 2 LN D 2 E MR TE S, R 2 ICHE
FCEOEBREG A R, £ 1 LABRIC, bR 2ERE K
FTRLTWD.

F2nbbE 1 LEKC, £TORMBRE AV -ET L
DRIIEEZER L CBY, WA RO ZET LT
W, ST D REMIE H A3 B IROREEE & 7> TV D 2 & A
RTED. F, FA7 T EOEMREREEZE 6 [T, £4,
ARFETHEB LI LA T U K& SoftCollage & VTR LT
VAT MR TIRT. AEBRTIE, &Ehomighes
L&A T T FEER LTS, £LT, LAT DX
—Kiéiﬁ%tﬂﬁ@%ﬁ%ﬁ#.é@@ﬂﬁﬁ%%ﬂs

, BT L OISR AR 9 IR LT 5.

E@ ROFEMEERORER, HELIT 2 B H ) Fl & <
NTOETD? | OFEN 246, [BEICHE ST NHDO K
SILEYITT 02 |OTEHMEN 2.02 THDH Z L PR T 7.

K6 #RAJI&DERER

Fig6 Generation results for each task

R 7 AR

Fig.7 Comparison of generation results



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

L2MOEREEIZEYT 55T

QEUT 2EEI EYIZ QFEICE-F-AYD
EEINhTWETN? XESTBEUTTH?

B8 FHEH = & R RO T E

Fig.8 Average score for each evaluation criterion

SHEO T

O P N W A~ O

30D ER THA SN
LA 7 MY S5

AORDER THA S Wz
LA 77 BT B EHE

0 III III

OELRT ZERIEYIC QBEEICE > ABD
BESATOET,? XSS BEYTTH?

PN oW Ao

)
ElliloRgo]

QLT 2ERNETIC QFEICE > AD
BESATOWETA? KRESTHEITIM?

(a) 30 DGR % FV T AE R

(a) Results using 30 images

(b) 40 F DG 2 IV Tt R
(b) Results using 40 images

S0OMMDER TR S hiz
LA 7 MZBIT 25

60MMDER TR S hiz
LA 7 BT 2R

QFELT 2ERHELIC QFREICE =AY
BESATHWEIA? KESTHEUTIHM?

DT ZEHHEYIC QFHIZE > AN
BESATWETN? KESFBUTIAH?

(c) 50 DB A AU VAR

(c) Results using 50 images

B9 itk = & ORFmAE RO i

Fig9 Average evaluation results by different number of images

(d) 60 Fe DG 2 Tt R
(d) Results using 60 images

Fio, G T L OFHRE R T, HEES S EG N Y)
WCEE SN CTWETN? ) ORI RS- b DI, 40
KOG E R LIz LA 77 M TEOTHMEIL 2.83, HbIK
MolebDid 50 BOBERAEH LIZLA T U N TEDFL
12 2.00 THY, WHEDZET 083 Thorz. £ LT, HEH
T A EYNEE SN TWETH? ] O R B &)
S b DI, 40 BOEGREFHA LIz LA T U b TEDOFEEMHE
15233, B BED - bOIE 30 OB EFH L LA T
NG, ZOWHIHEIX1.83 THY, WFHEDHAEIX 050 TH-o7z.

43 E®

K 1b, 77 AZFEBERTIL, ratio DT 0.906 &,
EfRD Y Z A B OWEFEN DR E LTI Do ol F
72, overlap 1% 0014 &, FE/ D MIFTELT TWRNT &3
RCE 5. WBRELE TIL ratio 23 0.768 72V, F7z, overlap
120.085 IZHZ B TCWA. £ LT, B L HIT inside A3 0.98
PlbEE, 1 ZEAEDERENLAT Y NOFHHEAICEE ST

103

WBZ WD, £, 77 L—3 a3 VEROFERN ST
A RINBEIEL SRS T % PRI B AR L CHERE A ) ST
HZEDHERTE . 20, 5% LA T UX—DOEHIC
Lo BEmEnZE LT, Sl aBnds 2
ECHIBFIRETS E B2 B,

£z, K6 0n, WGREL 7 T ALEEAERE BT, B
FWOERY ZWZoD, VAT U NOFRMNICEE 21T X
fwé’&ﬁbbé INBD L%, GRPO OENRISKIC &

FENEMMEM LI &S D, £72, GRPO T
Lt%Tw_;Diméhtv47ﬁbi,ainéx:T
DEWERIFERE EEINAEAICH D Z L0305,
ZhUE, AaTREWVEBIEE LA T T MBI D EEER
FENE W) FREEZRBL TV D &N R D.

X7 ZMERTDHE, ATETERLEZLAL T Y M,
LZHE#RT%Z 1 SO7 T AZITELDTND I ERNDLMND.
T, B UAEEEEICHAILT, BEENAREEEINT
WBZ EDRERTE D, ZHUTHL, SoftCollage THRK L7
LA 7 U F TR EARER KRE SN TWD Z &30
M. OEM L LTI, SoftCollage |L /3 ARN— A T—
CERSEIL, TOEBICHEBE Y TUIDDHHATLAL T Y R
EEBRLTOWDENRTOND. 2L, 2ET NV SLTI,
Efg %5 & oD e DICEKMICRAZ R T 5720
BRIDOZEAEESRET D 2 LIINETHD. £z, WL LM
BRI D B TAED N A T T NEERTE TN D

INDHDEND, ARTETIIMmERE oM 2 >,
FfEOBEEE LR AN LA T U NE{ERTE 52 L &
WTE. T, AEBRTIIZEET NV ARLAOBROHESE
L, BEEZRHTL2ETVEZTFE LD, S6R5HE
TREFETHILICLY, BENYGET RN 5.

WIZ, LA T U2 =Tk 2 EBRZEHEIIC OV TOBERE
FLY. RHMIEEBROKER, LY 2 mig @) chlE ST

WETH? | OB ITRIRANS 2~3 FREOFHMN LN &2
AR TE Tz, 2D, RFEEICLLIEGEE IV AT VX

—IZE W —EOFHMZ SO b oo, ERAICHETTES
ROUEPLETHD EEZLND.

WKL, ABIOKE S OFMIEE B 1 XEG ORLE ORI

HH X0l NMEAIC D o 72, FOJFRFE LT
AFETHEM TIE R ABOHLEZEBE L TWDEREZD
D, FETNVANATIIHEROEORE S 52 ZAZ2 5T &
DFE L2, Wi 5 D Ao mRE B9 2 S 5k
ZBML, BEEZALSELZLDMETHD.

AR X DRI L CiE, ROFORMEIEE & 612
BT L OFHMIOZED 1 LTFITINE » TWeZ Eab b
5 &5, BB L - GHBICRERZENAE LN &
DR TX T2, BEETARLADLALT Y NTIE, DA
72 EOBRIC XV BEBROKBPKE LSBT D, D7D
EEAEI RIS K & K B SND Z L DR WEERITFE L
WHDOTHDHEFRD.



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

F7o, BEELBEDORENAEAN] THDHEWVWI A
FARFFE LD, HRES 3 2 WS A BT 2 &
THISHRETH D, ZNOORRND, EROI TAZ Y v~
IR TEOFHREE LN b0, FEEOFIERE T
EAT 572021, A REIOFMER TH IR E B,
TN 2R ET D ERMETHDL EEZLND.

PLED G, 23T NS M T i EI%k & AV C, GRPO
WL BFEEETH L THEYRLAT U hEERTEAZ L
DR TE, Fiz, REHRTIE. HDBSCAN % HAVWTHE)
HINZ T T AZEERE LT, RUVAT AR LA T 74—k
KR CTHEETNNRLEGUET DT2ODHEDTHLZ L E2EX
Ll, VAT UE—=NT TAEBEIRET DHRERBINT D
ZEDIHE LW EHEER I NS, K-means++'972 E ORI Y T
ZEREVGET DI TAR ) VT FEAERTH LT, L
AT UE—DOBERERBRTHZENTES. Z0LH, B
BOyTAZ) T FEERIRT DEREL BT 5 2 & 2K
LTS, F£7z, KEBRTIITODRD-T2H0D, 7T A
SRR, B L ITEBEREDO ESL L0 E LA T U X —R
FEICITH) ZEBARETHD. ZD LI, KFETIEEW
HHETLAT U MAERT 52 LN TE 5.

5 &hYIC

AWFIETIZ, GRPO R0 T A X U v 7 7a ¥ Ol & T
HETNSREADVAT U NERELTO FIEERE L. AT
ETIE, ADUzEgICK L CORtEE i Lztk, 7924
V27 %179 2 & CHBHOBRFREZEE L L TS, 2
IZH5%, GRPO IZ LV ¥ %21T 72 LLM W\ C, @872
VAT U REETEL L IICLTNA.

FEECIL, EREOFBETNANLDLAT Y MR AIC T —
H oy NaERAWT, RTFEORERGE L ARk RO RN 72
Pl ZAT o7z, T OSSR, GRPO T X BEHET VAR LOMWY
DFEER ORI FAZ ) T OMPICLY, BRFELOERY
ZH) 8%\ 2D, Y78 7 T A K FEHIRN~DER ORLE %
IT2DZENDIoT-. 7T AREROAERKIZBEILTIE, 2
FAZMTOELZY 2R 1% M2 6D 2 ER ot &
7o, PERTFIEL B LI L 25, 7 T A X OB AER DD,
ERDDDIRNLAT U MEERTE D Z L AR TE .
F7o, FBINZRFHMEBROMEREZ I, VAT 2OFEMRIC
MIJ7-dEE TEL TS, £ LT, AT 1 thosks
SHRIC LI ERZIT > TV D T2, BREEDH IO
&, BRLIFHIRAEEIT O 2 A RE LTV 5.

I
AFETIL, ZA avfkARttE LY LA T Y M T =X DR

B0, AT S DBIEICET ABIE £ THE £ Lz, B0
SRS £ B L L E T

104

SEXHR

1) Z. Tang, C. Wu, J. Li, N. Duan: "LayoutNUWA: Revealing the Hidden
Layout Expertise of Large Language Models", The Twelfth International
Conference on Learning Representations (ICLR 2024), pp. 38369-38388
(2024).

2) J. Tian, X. Yu, Y. Wang, P. Wang, G. Guo, S. Gao: “ReLayout: Integrating
Relation Reasoning for Content-aware Layout Generation with Multi-
modal Large Language Models”, arXiv preprint, arXiv:2507.05568
(2025).

3) J. Wei, X. Wang, D. Schuurmans, M. Bosma, B. Ichter, F. Xia, E. Chi, Q.
Le, D. Zhou: “Chain-of-Thought Prompting Elicits Reasoning in Large
Language Models”, Proc. of the 36th International Conference on Neural
Information Processing Systems (NIPS 22), pp. 24824-24837 (2022).

4) S. Li: “LLMs as Layout Designers: A Spatial Reasoning Perspective”,
arXiv preprint, arXiv:2509.16891 (2025).

5) Z. Shao, P. Wang, Q. Zhu, R. Xu, J. Song, X. Bi, H. Zhang, M. Zhang, Y.
-K. Li, Y. Wu, D. Guo: “DeepSeekMath: Pushing the Limits of
Mathematical Reasoning in Open Language Models”, arXiv preprint,
arXiv:2402.03300 (2024).

6) J.Yu, L. Chen, M. Zhang, M. Li: “SoftCollage: A Differentiable
Probabilistic Tree Generator for Image Collage”, Proc of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR 2022),
pp.3729-3738 (2022).

7) M. Zhang, M. Li, L. Chen, J. Yu: “Aesthetic Photo Collage with Deep

Reinforcement Learning”, arXiv preprint, arXiv:2110.09775 (2021).

S anbRatt, F4 anktat [BET7 AL Rs—L

T 3] | https://www.daicolo.co.jp/ (2025).

8

=

9) W. Wu, H. Peng, S. Yu: “Yunet: A tiny millisecond-level face detector”,
Machine Intelligence Research, Vol. 20, No. 5, pp. 656-665 (2023).

10) LAION, LAION-AESTHETICS, https://laion.ai/blog/laion-aesthetics/
(2022).

11) M. Tschannen, A. Gritsenko, X. Wang, M. E Naeem, I. Alabdulmohsin,
N. Parthasarathy, T. Evans, L. Beyer, Y. Xia, B. Mustafa, O. Hénaff, J.
Harmsen, A. Steiner, X. Zhai: “SigLIP 2: Multilingual Vision-Language

Encoders with Improved Semantic Understanding, Localization, and
Dense Features”, arXiv preprint, arXiv:2502.14786 (2025).

12) M. Grootendorst: “BERTopic: Neural topic modeling with a class-based
TF-IDF procedure”, arXiv preprint, arXiv:2203.05794 (2022).

13) L. Mclnnes, J. Healy, J. Melville: “UMAP: Uniform Manifold
Approximation and Projection for Dimension Reduction”, arxiv preprint,
arXiv:1802.03426 (2018).

14) R.J. G. B. Campello, D. Moulavi, J. Sander: “Density-Based Clustering
Based on Hierarchical Density Estimates”, Pacific-Asia conference on
knowledge discovery and data mining (PAKDD 2013), pp. 160-172
(2013).

15) GitHub, Unsloth, http:/github.com/unslothai/unsloth (2023).

16) Qwen Team: “Qwen3 Technical Report”, arXiv preprint,



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

arXiv:2505.09388 (2025).

17) Gemma Team: “Gemma 3 Technical Report”, arXiv preprint,
arXiv:2503.19786 (2025).

18) A. Yang, B. Yang, B. Zhang, B. Hui, B. Zheng, B. Yu, C. Li, D. Liu, E
Huang, H. Wei, et al.: “Qwen2.5 Technical Report”, arXiv preprint,
arXiv:2412.15115 (2024).

19) D. Arthur, S. Vassilvitskii: “k-means++: the advantages of careful
seeding”, Proc. of the eighteenth annual ACM-SIAM symposium on
Discrete algorithms (SODA '07), pp.1027-1035 (2007).

(2025412 A 2 B %=A+)
(2026 4E4 H 1 H FH3A)

105

wHE E (FAERR)

2022 A KIR TERFERA T« 7 FR 7
¥ BUE KN THERFRFGEE R
Bl SRR, WAk CHRE
FEAVER 2B D WFTRICHEEE.

& ¥ BE X (IE&E)

1983 4 FUES KPR L 7eRHE L3R
FBET. FfE4 A EBEAM BINTT) Atk
N —=FE, By eV rRears
VB ORIFEBRFE IS HESE. 2002 4 KRB L
ERFPEWH R, ala=r—v 3
URE, HCL ATEIRMAE ORI HER. Bl
TEICE D, WRE 75, B ERRES
2, Sy, IEEE 7R CIERE. it
(L)

¥ L 1E &

2011 4F IT NUF ¥ —F ¥ EH AR
THA aupkStic AR, BITE IT F2EAK
EEETE. FARIC THI TR BRI R 2B OB
WHBBES—E R (TRVWH A ——]) O IT
FETTLE & U CEE I X 5 R
A .

KE 5

ZA A u At T FEAEETE. 70N
LiilfEds K OB R ARE I 30\ CEREE
gat(ﬁAIEZT/ﬁ%ﬁJﬂ L7=9— e RBIgEICHE



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

i)

—-Al -
ERNEBEAEENTEIZEZ AEE - FERETHIZLIET7OTEEEOYD
K FEFET OBE FET A UITP Fxr RIVU T@Ean)

TR THMIER ey

Hairstyle Matters. Deep Learning-Based Analysis of Nationality Classification in
East Asian Facia Images

Shogo NAGAOKAT , Jue ZHANG' , NaiwalaP. CHANDRASIRI f(Member)
tInfomatics Program, Graduate School of Engineering, Kogakuin University

(BoFEL) AWZETIE, BA - PE - @EO=» EOREG 2RI, FAROMHR] & Vo @t Rae BB LTz
9 2T, ResNet-101, AlexNet, VGG-19 @ 3 FIHD FRIFHEHET M FE LA L, EE AT 7.
Z DFER, ResNet-101 T 86.9% L\ 5 MW A =R LTz, 618, AR TIIEROEVIER SN TIR
Mofe T8 \ZEEEZ & ORHEDFET D E WA R AT, BRI TR =Y Z L I2aEBI Lz mifg ¢
BaFER LIz, iz, TTANER L TWDHEEE LT 572912 Grad-CAM & vV, S BIZERG 74T (PCA)
2 R DRFHBIRAT ©AT o 7. ZOFER, EHOL % O RERERA L Do oo S—Y LIFERETH 5 2
ERTREN, EESFICO TERDSEOMENL & [FERIC B2 E R & 72 2 fTRetE) mie S 7.

F—T—F : EESK SRR sk, 2R

<Summary> This study investigates nationality classification based on facia images of individuals from Japan, China, and
Korea. We applied transfer learning to three preitrained convolutional neura networks—ResNet-101, AlexNet, and
VGG-19—while considering age and gender as additional factors. Among these models, ResNet-101 achieved the highest
classification accuracy of 86.9%. Furthermore, assuming that hairstyles possess nationality-specific characteristics, which have
been largely overlooked in prior research, we conducted additional experiments focusing on individual facia regions. Using
Grad-CAM visudization and Principal Component Anadysis (PCA), we anayzed the digtinctive features contributing to
classification. The results indicate that the accuracy of nationality classification based solely on hairstyle was comparable to
that based on the eyes and mouth, suggesting that hairstyle plays a role as important as other facia features in identifying

nationality.

Keywords: classification of nationality, transfer learning, region extraction, hairstyle features
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Fig.l  Extracted image examples of facid festures
(Generated by GPT-40)
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Fig.2 Nineaveragefaceimages of the hairstyle region by country (_Ave)
and by gender within each country (M/F_Ave)
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Fig.3  Three-dimensona PCA spacein average faceimages

(hairstyle region)
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Hairstyle images with high accuracy in nationality identification
surveys
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Improvement of the Stabilization of the Mist Screen for the Spatial Holographic

Projection Employing the Newer Structured Nozzle to Obtain the Mist-Flow

with Enhanced Directionality
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<Summary> In this paper, we made a basic study for the improvement of the screen system to raise
the stability of mist flow and to produce highly bright reproduced images employing the newer structured
nozzle. As this result, we succeeded in constructing a reformed screen system adopted a nozzle producing
strongly directed mist flow with voluminous form to the depth direction. It enabled us to generate a mist
screen of the form like air curtain. We constructed a system for raising the stability of the screen adopted
one unit of ultrasonic vibrator, and confirmed the effectiveness of this system. Like this way, we achieved
improvement in stability and brightness compared to previous systems.

Keywords: electro holography, projection onto the space, mist screen, air curtain, particle image velocime-

try , computer generated hologram , DMD panel
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Fig.1 Total scheme of improved image reconstruting
system used in the experiment
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Table 1 Specification of DMD panel

BEVR A 0.65in.

Y7Ly al—Fh 250Hz (3 2 7 4 21K)
EES:S 2,073,600(V1,920 x H1,080)
HZRE v F 7.56pum X 7.56um
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Fig.2 Comparison of structures of the
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Fig.3 Stabilization of water flow in the proposed
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Fig.5 Relationship between the angular deviation o of
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B2 B

VAT ® @ ®

W BAT 120.96 | 21.49 | 20.03

PERAI — |2416 | —

SEFEER | 27.87 | 27.63 | 27.96
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Fig.9 The ratio P in the projected images



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

4 U~BAT) BBEIC LT, AR ERERLTn3. A
7)) — Y OFRREBOIARINR 2 MR T 2720, ATk
DY A X% 0.89cm(H) x 1.35cm () DHERDPIIARICF
ELTWS (Fr%d 9,632). AREICIX, FBESEIEE 10
(BEFE CGH ND ANYIARRENZ, NEIZ 964[2 fH] & 963[8
] WIS ICEE Lz BT, A7) =it T A I A b
DEEZLI TR LG R L. % CGH 8% —
NTELERT B ASIVIMAR DR R DEIE 7R 3ESMFIE, STk
35),36) Z5E 12 LT 500~1,000 itk & 725 X Ha%E L T
W3, HEAEO—FIIR 10 I1TRITEYTHD. 5. 2cmx
it 8em BIRICHEAREZ LTS, % CGH & — 1, &
FIETHW DMD ZREEDORFUE X 72 % 0.105ms HkE
THEAAIV EICHERLTED, F“ﬂk&%y%ﬁik
DG EIToTWa., ZTNERZLITNDZ & DR T
x5.

o NNHIZELHICKD, BHEDZ BRI EIRA]

BEX 72 3.

o I X MR D IR WIEA X, MKko—H5D
BEE MK MER & 72 5. EE%%@%;T%%# E
ERDEFNC & - T, FLWHEEDOK R2FED
n3.

o I X MESTREEDELAICE, MR HROBERI
BWC, EEREHEOREMRIBDLNS. (K10
DEORVOE O~ —X > JE0 2B H)

o IRMEMMIMICZL KDY, BR/ A XHHEINER
YR, £, BRBICRIDBZLBETZ 05,
R e ER OB 2 2. (K10 Dfkfa~—F
> TERG e BIR)

o IR MEDOFESRMEHENCHTHESTLZITLD, X
27V =D REICEREIN TR O b Eiic
REND.

BLEX D, RFEFICBOTERSIE, HROSERLE
D2 RBUC X 2 KO FRIRDAIREIC R 2 Z 2 3D %
TR, A7V =T 5 IR MROLELSK S

K3 JHETIIL GEE L 258 P O
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(BS5EL) AT, KBRFKOTTHICD 2RAIHBEFFIHERRE LT, fRGEOZ2WLHBIGIcE T 3
BICABR %738 T % Indirect AR * VR IEHER S X T A% HFE L, HAFEER{To7-. AL 2721, HANCHE
L7z G % AW % Indirect AR (FRTAEBEHERASE) Ik % AR Ay, HRoEI2R R - FHovh &
ZHARER VR (R EHASDE 2 Z 2T, FHBRRIOH L 2 RBREFI2EH L TW5, BRY 27 41, 2021 4
» 5 Android 7 7V & U TERSINIC B 2 ERRD S HIBEREMA XY PZBWOERAE2TY, 20%, 77U0
AVAP=LEBREY LW Web 7 7VRANE B L. X612, HIBERICE 3 QR a— FREBZBU T, K&
HBODOTHHHATRERIE TORBERBTOATVWS. ZALDHREB X EHOERZE L TENMEE2 R
Z, UT7ARA LGSR AW AR OEASREEZ LI BREICB W TS, AR/VR KBRS € 5 720 D!
FitBs X HER a2 %, RESCTEER - RT3, AR TRUZARE, SUBEEBEZ RO E
MBRIRICBIT % AR - VRIEHIZBWT, BRARERNEH 22 Z e hiliffshs.

F—TU—F  HEEREEGREASE, N—F v LU 7V T 4, FMER, 15 EB, L

<Summary> This study develops and socially implements an integrated Indirect AR/VR experience
system to support tourism experiences at the Kudaradera Temple Ruins, a Special Historic Site located
in Hirakata City, Osaka, Japan, where strong constraints exist due to cultural heritage preservation. The
proposed system combines an AR experience based on Indirect AR using pre-captured omnidirectional
images with a VR experience that allows changes in viewpoint height as well as weather and seasonal
conditions, thereby realizing an experience design suitable for the on-site environment. The system was
first operated as an Android application at municipality-organized events from 2021, during which it was
incrementally improved through repeated practical use. Subsequently, the system was extended to a Web-
based application that does not require application installation. Furthermore, permanent operation has
been achieved through the installation of QR codes by the local government, enabling visitors to access the
system at any time. Based on knowledge obtained through these development and operational practices, this
paper organizes and presents design principles and operational processes for realizing AR/VR experiences
even in cultural heritage environments where the application of real-time camera-based AR is difficult. The
findings of this study are expected to serve as practical guidelines for the use of AR and VR technologies in
outdoor environments with strong constraints, such as cultural heritage sites and archaeological ruins.

Keywords: indirect augmented reality, virtual reality, omnidirectional image, social implementation, ruins
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Fig.1 Current scene of Kudaradera Temple Ruins
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Fig.2 Capturing with an omnidirectional camera and a
tripod
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Fig.3 Captured omnidirectional images
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Fig.5 Omnidirectional image with sky changed
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Fig.6 Omnidirectional image with reconstructed Kuda-
radera temple
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Fig.8 Screen when the mobile device is rotated
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Fig.9 Change in seasons and weather conditions
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Fig.10 Implementing viewpoint movement in Unity
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Fig.11 Texture distortion during viewpoint shift
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Fig.12 Aerial viewpoint
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Fig.13 Screen with virtual objects hidden
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Fig.14 Moving inside the tower
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Fig. 15 Display of a human in the Nara period
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Table 1 Functions of proposed system for events
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Fig. 17 Use of the proposed system at Kudaradera Tem-
ple Ruins
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Fig. 18 FEvent where people use the system together
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Table 2 Age distribution of questionnaire respondents
among event participants
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Table 3 Participant satisfaction in the experience event
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Autonomous Decision System for Bus Departure Based on
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(BOSFELY AWMFETIE, NAFERORZEMRICE ) 3 EHIEFOAHBR Yy Z2Mom b2 HIEL, RGB A X5
R ZE W RER SRS AT L RIBET 5. BRIV AT AIZ, H X SMGr 5 R/EEEEEH, BKiTAs H
NEEE), 250X, B, WEEY 7L XA LMRAIT 5. 2o OEREHICRELL OB A CRER G2 HIM 5
32T, EIFCHIELS R T A X 2 GERNOMRER e b CRENNM OB L E B . HEERET
DERERERL, HEARPERIE-EGHERL IR T AL LTHEELE., FFEROBE, BRI A7 LE3HE
FNRETERE FICBOWTEWEEZR L, FEHEOBR(LICEHIRT Z 3R R Iz, 5%, R R
T LAERAWIEHEHIES 2742 LT, HEFPREAODIEIZEFTMRA SNZ AR MG LTS
F—— R NZRERFRW, \WATEIEERR, EHEREREEER, U 7 & 4 L0 Hl o BEE

<Summary> This study proposes a passenger safety confirmation system using RGB camera image
recognition to reduce the driver’s workload and improve safety during safety confirmation at bus departure.
Our proposed system detects in real time from camera images whether the vehicle is over capacity, rushing,
moving inside the vehicle, staggering, leaving the seat, or falling over. Based on this information, the pro-
posed system determines whether or not to start the vehicle from the viewpoint of passenger safety, aiming
to automate the decision to start the vehicle together with the results of traffic condition checks by the driver
and the automated driving system. Considering practicality in an in-vehicle environment, the system was
implemented as a high-speed, lightweight system with reduced computational load. Demonstration experi-
ments showed that the proposed system is highly accurate under practical operating conditions, suggesting
that it may contribute to the automation of vehicle departure decisions. In the future, we will evaluate the
psychological impact of the proposed system on drivers and passengers and study its social acceptability as
a vehicle control system.

Keywords: bus passenger recognition, person behavior recognition, in-vehicle image recognition, realtime

processing, autonomous decision making
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Table 3 Detection accuracy for scenes with passengers

moving in the vehicle (N=1,084 frames) Preci-
sion 0.992, Recall 0.859, Flscore 0.920
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Table 4 Detection accuracy for scenes with large mov-

ing passengers (N=1,156 frames) Precision
0.975, Recall 0.990, Flscore 0.983
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Table 5 Detection accuracy for scenes with passengers

not seated in seats (N=4,361 frames) Precision
0.854, Recall 0.849, Flscore 0.852
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Table 6 Detection accuracy for scenes with fallen pas-
sengers (N=5,237 frames) Precision 0.977, Re-
call 0.589, Flscore 0.735
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Table 7 Departure decision result in Demonstration ex-

periments (N=643 execution count) Precision
1.000, Recall 0.943, Flscore 0.971
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Fallen Object Detection on Expressway Using a Pan-Tilt Camera

Karin NOKITA', Hitoshi SAJIT (Member)
t Department of Informatics, Graduate School of Integrated Science and Technology, Shizuoka University

(BBFL) BHERKICET 2% ML 30 FHIGEL, HRPMEE2E 2 a0 2 154
BHRFETH 5. B, SEEROBHRIIAERD X 7 2AVTWE2, EFYORRIIMEA L L TEEIKIEL
TEh, RAKEAIRSETH 2. ZOFEICH LT, RFFKTIIZGEGER A X G2 HWTHETE N2 T
B3 RATLADFEHEHMNE T 5. 1EROHFETIIEREZDIPUERBHAHV SN TERD, ERETIIEOERD
HRICXDEREPETR TV, £ 2 TAMATE, EAZEIZMRE L, BEREBICRE L ZWEE2T5 28T, ¥
BICL 2 EERL, EAEOSVE NYRETFEEIRET 3. EROMRE, ELEREAURENIBVLTD
—EDBETHE M EMIHTE2 2 e 2R L. SHRIIERER D XSGR HWTEIERBZITS5 28T, &b
FEMAIEWS R 7 ADHEE BIET.

F—T— R EEER, SUFIL AR T EREER, Ty, E N

<Summary> The number of fallen objects on expressways reaches about 300,000 cases per year, which
leads to accidents and traffic congestion. This is a serious social problem. Currently, operators mainly
monitor expressways with movable cameras, but finding fallen objects depends on humans looking at the
video. This makes early detection difficult. Therefore, this study aims to realize an automatic fallen object
detection system using traffic surveillance camera video. Previous studies used background subtraction
and object detection methods. However, in real environments, these methods often make false detections
because of shadows or background outside the road. In this research, we propose a method that detects
camera motion and only processes the road and lane-marking areas. This reduces false detections due to
noise and improves practical usability. The experiments showed that fallen objects could be detected with
consistent accuracy, even in environments with shadows or background noise. In the future, we plan to test

the system with real expressway videos to make it closer to real-world operation.

Keywords: expressway, pan-tilt camera, road area, edge, fallen object detection
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Fig.1 Overview of the proposed method
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2 BEHBREROT v JHR
Fig.2 Edge image before
crack removal

3 BEHBREROT v IHIE
Fig.3 Edge image after
crack removal

RFESO Ty Do e AL, BMEREX 2588 7 4 X
e LTS 5. R, EROBEESAME ST TF
WLEEEZ (X270 DR EA L. Higo L
Wiz 0, NiiZ 1 &5 21IEHCHERE d(y) 23X (1) ik ->TK
o, ZOMEHEZILBI L TEBRE s(y) 230 (2) Dk o1
FEL. y ZEEAAME, HZERSXEZRL, o lFF
W LRE QMR 2SI T 258 LTFHTHREST 2. /
A4 ZFABUTH LT, FEEEIIGCTH Y S 7 v 7 4 LA,
NATTINT 4 NER F—=T=TINHEEITS5Z 8T, h
X ZiEFHRL, EAIRF BRERET 5. BHREFO
HEREEBICTy DBRHEEToLERER 212, REROER
H{RICTy DMIN 2T R ER 31T d. BREERERNI
J A ZARKEDEHNEL L, Ty VEHRICEL DARERT Y
IUWEENTVS. BHEEREZITI LT/ A4 XRBHAP
fl&h, EFERWTRrMHT 2N TES.

(1)

s(y) =1+ ad(y) (2)

3.4 EREEEH

EREEMRHTIE, TRER TRy DG, OHIEY
ML CER A ZEGZERT 2. £, 2fHOERT Y
CHEBII U TR 2175 2 ¥ C, HOYInEZHTL
CEBER OB Z A X85, BEREZOERIC KU
Zi75 2 TEHEBNOME T ZH, Ty IHnzRIcT 5.
iz, HEREHRE HSV BRI L GER DK ERS %
WH$ 3. HSV t522[Ei% Hue (4H) , Saturation ()
Value (BHEE) @ 3 ERBTHRINTED, BLoKEwkD
EREMEL, HENHRETH 2720, FEN 0~50, B
FE23 100~200 DOHIFIZ H 5 [HZFEZ KEMFEERE LTS 5.
ZLTC, Ty Y%K LERE IKER D 2 L 7zE e
O CHEEERDZ T, Ty JIKHEN, DK
DAY HEEHLT 5.

BN T, FONTTRAZITHLTINY ¥ ZIUHEZETL,
HHIER S OHEMEZHET 2. S0, I X I 5—FEV
EREEPBRENRE T 5720, KDHHEMOKZ WIEEZ EKHE
Br35%. 2LT, BREBORBERD, NEZED OX
T ETROR 2EDER~ R 7 B EIERT 5. %I,
KB % i3 = T, BiSED /) 4 X&fRET 5.

146

3.5 RA#RKRE

HfR T, Bt e BIRR S FIH L THEZ R
L, B~ A Z7BERZIENRT 5. FINCEHRT y DEGREH
SEBRICN L CER~ X 7 EGEZEH L, BRZRALE 2
DOERE FMRREDOA T T 5. £F, TRERE HSV
OIS L CHEFERZ M T 2. HEIIEEMEH
EREN2, BED 0~30 2 oHHED 200~255 DHiFH %
HfERe LTS 3. v, Aoy D132 TH—
AETHH, MAPRVEWIREEFAL CHRO Ty Y
EMHT 5. F9, WRI v HEBISH LT 7 E 0 %58
AL TEMRZRET 2. NTZHTIE, ERZBEEEAT
H3p=xcosf+ysingd TRT. pl3ERADPHEMRETOMR
HE, 0 BZEMOAETH L. REICIDEREZHBL, B
F£H53) 2155, ERES IOV T, AE tEX w;
2R (4) bR (5) 1K DEIT . 6,1%, 0 <6 <7 TIEM
fbtxhs. BEMORE w;, xBAY LA M5 2% (6)
CERL, R (T) W&o T, BT HME 0 ZHHEDMA
By LTRDS. 2T, & (6) B3 BHH (6 = 0) 13,
;=0 D x1, ZhbUOLEx0Lird A7 — XK
TH5. HROAZ LR —AZOERZME L, HfmERe
HR 5 MR AR U CHRY R ZERZ2ERT 5. &
®ig, BRERELLTy VEHIKE AR~ A EBROER -
TEHFEZRERICT S I THRERET 3.

b = (10, Y13, T2, Y2i),  1=1,...,N ®3)

)

0; = arctan 2(yo; — y1i, T2; — x1;) (mod 7)

w; = \/(3321 —214)? + (y2i — Y14)?
N

H(0) = w;d(0; =0)
i=1

0* = arg max H(0) (7)
3.6 RHBHEE

B AMERE LEBICEE Oy D570,
Ty PR THS Ze TR ZA LS. F3/MEE
PREMBEZATV, $80E L AR O EZ HIFR S 5. KIg,
Ty vomAERE L, MIEREMET 5. 2L T, Rl
P B REGRZ GRS 5 2 8T, % MIOAE ZHRERICH
RY 5.

4. o
41 EBEIHEAORER
3, BAZERANCOWT, FANTHRE L MGz v

TEBRZITo 7. HALENE, 7 XJ DM EZ2FHTRIEHE

ESAICER S, BREE L 7RICEREGIERS NS

MR L. ANMGorElZzR 112, AMEERE 412

it



The Journal of the Institute of Image Electronics Engineers of Japan Vol.55 No.2 2026

R 1 BRBEEBR DO ASIMR DM

Table 1 Details of the input video for the simulation experiment
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Fig.4 Input video Fig.5 Background image
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(a) Baom vy
(a) Black block

(b) KL 7 mw &
(b) Gray block

(c) HELT B Y »
(¢) White block

(d) fi
(d) Cloth

(e) S RF v
(e) Plastic
K6 %Y
Fig.6 Fallen objects

(f) x4 ¥R
(f) Tire fragment

K2 BHFEFEBROMR

Table 2 Results of the simulation experiment
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Fig.7 Result image of the simulation experiment
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Table 3 Details of the input video for RAOD
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Table 4 Results of RAOD
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K8 BRI DAEREG
Fig.8 Result image under clear daytime conditions

10 EIRREG
Fig.10 White line image

9 ERATHEKEI{R
Fig.9 Road area image

11 FIRRF OGRS 12 K ORESRE 5
Fig.11 Result image under

rainy conditions

Fig.12 Result image under

night conditions
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Fig. 1 Sancoro Bingo using a Dice-based User Interface
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K2 KATAMAP ¥ 25 LD ?
Fig. 2 Overview of the KATAMAP System %
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B3 PPYY ¥ 27 ADFEMEE Y
Fig. 3 Scene from the Paper Yo-Yo Shooting System®
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Call for Papers

Special Issue on “Extended Papers Presented in IEVC2026”

IIEEJ Editorial Committee

The 9th ITEEJ International Conference on Image Electronics and Visual Computing
(IEVC2026) was successfully held in Hiroshima, Japan, from March 16 to 19, 2026. The
conference brought together researchers, engineers, developers, and students from academia
and industry to present and discuss the latest advances in image electronics and visual
computing across a wide range of fields.

Following the success of IEVC2026, the IIEEJ Transactions on Image Electronics and Visual
Computing is pleased to announce a special issue entitled “Extended Papers Presented in IEVC2026.”
This special issue aims to publish high-quality, extended versions of the papers presented at
IEVC2026. Authors are invited to submit significantly enhanced manuscripts that expand upon their
conference papers to include substantial new contents, such as additional experiments, deeper analysis,
improved methodologies, extended discussions, and so on. Accepted papers will be published in either
Vol.14, No.2 (December 2026 issue) or Vol.15, No.1 (June 2027 issue), depending on the submission
timing, review process, and scheduling issues.

1. Submission Guidelines:

* Submissions must be extended versions of the papers accepted and presented at IEVC2026, for
either in the General Papers (oral and poster presentations) category or in Late Breaking Papers
(LBP) category. In particular, for papers accepted in the General Papers category, the submitted
manuscript must significantly extend the version included in the proceedings to be published in
the IEEE Xplore Digital Library (generally at least 30% new material is recommended).

* Manuscripts must follow the official formatting and submission guidelines of the journal.

* Detailed guidelines regarding copyright and how to cite the IEVC2026 proceedings will be
prepared before the submission deadline, and provided individually. Therefore, authors are
requested to contact the IIEEJ editorial office via the email address listed in Section 5 prior to
submission.

2. Review Process:

Submitted manuscripts will undergo the standard double-blind peer review process of the journal.

3. Publication of Special Issue:

IIEEJ Transactions on Image Electronics and Visual Computing
\ol. 14, No.2 (December 2026 issue) or Vol. 15, No. 1 (June 2027 issue)

4. Submission Deadline:
e For publication in Vol. 14, No. 2 (December 2026 issue): Friday, June 12, 2026
* For publication in Vol. 15, No. 1 (June 2027 issue): Friday, October 30, 2026

5. Contact details for Inquiries: IIEEJ editorial office E-mail: hensyu@iieej.org

6. Online Submission URL.: http://www.editorialmanager.com/iieej/
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