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Greetings at the Start of 2026

Osamu UCHIDA (Editor in chief, Tokai University)

KEOWEE, FHEHTELTEHTE ) T NET. 20264 1 H5ORITICH 20, EZERZRE L TITHRER
L EFEd.

WEHEIE, EXPO 2025 KBk - BAVE s (BRfEHAR : 2025 4-4 A 13 H~10 A 13 H) 25HE S, ERNANHEL DK
ez, MHRESREREZEDDL KA M7 F Le. SR BRSOk x BRI~ FEEB LT,

Mg - Bk 23 A% OFBECEE, X BITIEEITTEAERICER LGS 2 L%, WD THESNTEHTHZVO T
RONTL X 90 ERETFHANL, HROBSOLE, U, ZLTREBREELZXZ DB E LT, HEDIEFSER
P CARAIRZR DO LD E L. AEE VY “ThANDO-EREERRT 58" T SN ~D RN 722 5 1
FeL, RIRFICEREE R ISR ST 2001, RS L TARE LI TFoh T TLx ). £ T
PN fRAZFEEC L 0 EE B, L0 XWHR0OFEFICHORT S Z L 2%, bl E R SRR S N EE AR RE
ThHdHEFELTOET.

SE2RIFIAZ VT TITZ/ » anT 472026 4FF4 ) By 7, 3AIZIEFIATZ Y U Ey 7 BlfgEhET. o
D XD IR ARR—Y A X NOBEETIE, EREMZREGCBRO AT - B2k - FRBEANTNZ, AL X DB gfE
Mromiti g, HIEABROIEZ Y, BiEE OB OMENMREIEA SN TWA Z LIFEMO L) T, Fiioi
B L EE DR SN DBEIZ, Tox ORGSR EE L TWD Z 8, HxidbbAhA, FERZONE % H
LTV OREEICE > THORERMALRDDTIHRNTL X 9 M.

ST, AMEIH16H (H) ~19 B OK) 18, IRERFEF v > 73RIZ°C, The 9th 1IEEJ International Conference on Image
Electronics and Visual Computing (IEVC 2026) A3BEfESEd. A MRIiE, 2024 4512 Sister Society F0 & k% L 7= IEEE
Consumer Technology Society (=X DA DO T TORMOBETH Y, KFEOEBMbA A% EICERIE5 9 2T
FLRTREAXR MR EDPHFRF SN TOWET. BRE L EYaT7 arBa—T 1 7 L0 ) ZODKINZ,
Al LD RE i, BEIRIGH 7 SRR 2 & O TR iam S5O < BRI & LT, [EPSNOBITEE - S ED LR
EHRIMLLTEWD 9. SEOFRICEIE LTE, BRIV E, EHOMEREOIG L, FillcdF
WHEDF A B S L LTIIERWEZTEEEN T, &512, #EE (IIEE) Transactions on Image Electronics and
Visual Computing) DOAAFE 12 A512C, #m CHFE “Extended Papers Presented in IEVC2026” % {2\ = L £ IEVC TD
WRERNRE =R, L0 FELUTRIECEEM RO, ECHIMEOBLA A M RN S LT &0
TWZE, BIETERIIEE .

F£7z, 54 [MEGE T FRFIRRKS%E, 202648 H24 H (H) ~26 A OK) IZHERFTHETETT. SHHIE
FETLRRICY Y —TFT NV T v 72 FELTEY, REBEREWUEREZEE ST LB T, MFEBROTGER A%
ST OWMOAMSEARE L TEVD EF.

R E AT OBREH AR 2 JRN Y, £ DOESALHRFIEDO A — FE H AL TWET. 20T, % ik
PO FER L, A IEMEEZE L, KV IEMT, FEEOSWBICES LT, BRI Tn<in)
AEE RSGEDERD, DLARESTWVAELENZLDOTIIARNTLE Y2 MEZESLLTYH, jl&kE, AL
TEMNEL, R EGT AR OMR S, B LT WA T Y —0E, HiAaeTVEEI-S< D ORBUIE D TE
WO ET. —HT, Lk 0T TRy £, Pk - WGRIGEDA—T 0T 7 v A b, FEGHRGED SCOPUS IH;
IZOWTDiERIL, HARND, MEZRBEEDNIRRIZL > TREAREIZHY, LIVEBFEOHF L LEFH2KRETT.
AEOIMEIZ[T TIAS REOEREN OO ZERIT B HNRA 2B £7 89, LALIBBEOW-LET,

WABINRERN D, FHHICY - DSB8 OEFEO D@ E 242 BTV L ETFET L L0, KEE~0—BoZ
PR L ZWHEBY £ L0, BELBENHEL EFET.
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Is Printing Technology Matured?
: Meaning of Image Processing Technology inthe Al Era

Naoto KAWAMURA (Fellow, Kawamura:-TechnoL ab)

1. [FLC&HIC
PRI AR L TA LV, v 2> () ([T AL TR
Sk 7] (GodR) ZEE OBHFECBIG IR ORFFERHFE I
oo TE 7. 26 B 504, I OBG A 14 E O

R 2t b 2 20T B ARSI R TR 2 s L T & 72,

B ICEgASEEE (A T%), BRI ER (O 4
%) ROWIH 2072 A EHGIROBARBHFRE D & 7~
ZL DA=HIZBVTHIRIFERIL L ) Rt Th b EES.
SO & S ik A CIRIR L CHeffr & B 02 E A koD 5 & Rk
O, HEE UCBEICEEAL, THixes bl Eofi Ly
HEABARI ISR NO T EVWIRLHEK LS. £ZT
i ) EEE & ONCZE DR ARV IRY,, ZhnboJmh
IZDOWTE X TH.

2. TORIALDETRE NIP DREAT

1970 SR D DOF DX MbDMRIC L v, i (Gogk) 4
EIXEICaryEa—Fol ks LTESTND XD
W7 o7c. FRIZ, 1970 FREBENBIEESTZNIP (V) oA
Ny NT Y B) OBiL DTP (Desk Top Publishing) O EIkils
RKELTCVUL—HTVH, APz NTVH, P—
N B IRE, FILWT AT Y X ERIGXE, 7—
T YL LUK 500 4ELL_E OIS & FEOFNRIBEERAN L, T
CHANFEME A LT NS DB R T OANT Y a2
ZATHER LT T o 7.

BEES, ¥/ BF) IO TRy OYER L —
B LI INHO L—F e — A7 Y & (LBP-10 : 1979 4E5%
72) ORFEICHEb o lilgITENE TOL—F TV L E D

1970443~ 1990~ 2000~ S
B BERIL BIEHERE
BRIE | 200550005 8% | | ik
;Jk maw?: " S IMEEL
-7 R AR BIHSZTLs
g R IR, DASORMED BRENG
- BURE AT ST -
h—>aVha- 1L Bithity e PRI
N
A AEHREOESH - ATEHSALIR
& DTS EEB, 5 TR -
b2 < R=RRTAVN  HDRIUIE, 5 - /A X902 BT
% AHDRIDIBIRIA Exif. Pictbridge. PIM B 2174
a8 BIEHCESE | BN BRRE. BRE- e ) | ooz

HECBFORME

A - SIS ES2/VN
w BRI : 240dpi—1200dpitd k| | SfhiiE(t
> = RS ; -EREH
& N\=J =208 CERETRIAT S
= - Pi&ER EER. eEE NN EBIR
‘NETIMSEE - (ISR LE Rl
- figi sy Bkl -EDRIEF1)7¢

®1 EGRAHEEOSMBITE O

10 73 1 (195 i)&W o RilEZR AT b 2 F28 L, i< #
I I W T2 ALK 4, OEM THIRFES LD &L 9
IR0 BEEABINCIER Uiz, £z, BT —HTiE, iR
WOT T HNT T — L —FE G (CLC-1: 1987 H-3&7¢, 388
FH) ORI o=, BT —AFy S EE#HE L, BT
THEOT 4 PHANRERTH 7D, L—F DL AR

(PWM : Pulse Width Modulation) (24 Y, FREN 7 & EE %
FKHL, AR T—D7 ) v Ma b —oEHRUIZ AT

—77, 1970 4EA4E, ¥ L OWREE DS, ERETA
I HFEOTENBROFHIE LT X T TRMEREEfM L 7=
K, $HENDA V7 RBBOLLSEHT20EBICLIEZ L
NH, E—H—ICLDMEATA /e SED 80 ) F
Y UMBDA T Yy NEINDMEIROEY & LT L
7. EBEFETEAATAEY FRDA 7 P2y PEBA
WIZHEWEW, A7V xy Y U RIIRERT ) 2 &
LCAHICE R Lz, YU TAAFRTHIA 7Py ME
A 27 DEERRED Z EN—oDRETH Y, R T v, B
~ VU H R RN =% 0A 7 FRITK Y, RDRIE A R
BN 2 7= B EEE DB D Wi o7z,

—07, TUXMEOBFIC LD, B ATEEEICBV TS,
1980 AN BWIE A - B HOT DXV A T35 L, 1990
ERICADESLLDA—I N arya—~HADOT VXD
ATNRFEINTZ. ZD%, oV ORBEFRANBED, &
FRAG AL BRI T L2, FIRIS BRI W CiE, TV 20 h
ATICEDANFENAREL 720, RGB ARRD T —7 7 v —h3Hf
MEN, AT ETV A NEETD I IR,

3. BEELE L A DR ENEDORIMFHR

HEEEICB T 2 mEE L OEATE LT, TUXNAN
—7 b= THR S B, ) =T TR OB, A
B, B A RRPET L OKR, UL GBEOm A,
IN=T N TN U H DEVE B AT D AR TH
5 ENVSTHEE TIEZR.

L RTEREE D N—T b == THEIL, =V O
Rtk 2ZBE LRt 5. oL —37) 2 Tl
VU IARRE Yy FATIZEOH BRI UV —12 kB
PWM HRBEN T 7203, HUlHE AR OSH-om
RIEEALIC L Y, (GHAIZR AM 227 U — oM 227 U —
ELHWOND L2272, XFLFEEOWNEZ BE LA
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APy VY EZTIE, BELHEEZN—R & LT
FM 227 ) —> % i, < /VF SR LA R T, Rk
RT =T 4777 MERUERICIKC 272007 LT Y X A0
B A E NIz,

—J5, EGEAHIEEE S L TEMOERE A HTE L T2
FRIZ & o T, B 2 L ITHBLEN R > TEETH LD T,
IO OBEEMBOESEE L DZONEEREThH 72, KR
A DFRRE I EES I F LW E B (5 (A B3R - perceptual
colorreproduction) 1XEEIMEN TS, A, 3k, FHRIZE->T
bR DD, H— LIEHEERTOINERD T, 22
T TRIFED /SR T — BRI AR T & 5 REUTE 4R,
IRRNVT A NEATOBIEASTFEROERILEITo7. AHE
XYL DOENEEFE L, I TONSRAT A N B I LTz
RENVT A NOFERIT, FEICEEROT T 7 AL E LTA
—HEAORIEY DT 7 40 MEE L, KFERT A —I#
W7,

—J, BEBRORLHIEEB TORDOEAEL L5720
DAT—<3xY A2k (CMS: Color Management System) &
FThD. U, FROMZERIL SRGB HFEHEAZEM ThH -7
B, B ORI, L0 AWEBBRBESLIE L 72D
CMS bYERAZEFICRHG LIz D~ b LTz, F£7=, Al
WX, FEPHBRESC, NASREEZRR S0 kv B 58 & RT
7=, .0 7% (color appearance) & L C DI AIIKT 5 B
PRHMEE L 72572, CAM (Color AppearanceModdl) (2255 <
CMS i, BEETo TRz #—HIE-HhEHsZ LT
BREENICIEFOCER A BR L2 DO THS. ZoOHIFE
~A 7Y 7 k&OWHET Windows Vista |[ZHE#H S 7.

4. EGEMERTTORLEL & FFETRERE

L EM LR IEE 1T & > TRAR AR TH Y, Hifgum
ERBHICB O UIERLARHE & 725038, B LiziE%E<
FFTMEENAE T B CHEEA—HIZL > THRO THELATH 5.
AR ORI EA BRI A~ L B L L TE QN D72, FEUE
{EOHMBMELZIM L THEEI L TV T EBREFETH Y,
SHOTFE L FORIIEL L TE .

1980 LERAL AT XY/ oD [BEESH # 1 7o iR
OHDHFFRTHEITIERERNICE LS EHI LV iRV
A CRRAEIEBIE R L7 7 7 U &%5e Lie. B
ELMELER, BEENPKEMERLE. £22C, fE
OB ERE A B LZE¥ETH S BIG (Jint Bi-leve
Image Experts Group) 73 1988 4% 8 A 122 L7=BRIZ, #I9HT
AL LERIC BN LT L2 ) R AR R FT 7=, £ 7=, 1996
ENDH AL — b LTz PEG2000 OAEH(LIEENZ TNV / )
A=A T VT ROT T ZAOHFEHET & L - [ERSF—
LATTNTY ZLMEREAMFETH S Pat 1 OSRILE
(Referencelmplementation) (2SN L, MO EIERICERR
Liz. f¥D 7 a—r UV T T T Lo L

=1

HALIEEN 21T ) BEN ZOENLE L Rolz LB L TV 5.
F7o, Ak7VU—L I Tz PEG 75 %, KEDOH D
CRENT UH NI AT « A—=H &[T LD LT 5 FHERS A —
FZTA B ABOFINERD TETREEITRD 2N
Holz. ZOX D RFFINH 7728, IPEG2000 TILHEEE
FFEWHEO TN CENINEESD IP SRS %5% L, No
moreJPEG ! | #4817 TEINB BRI A3 71 L CEnfiA R
ORI B T- 7. BAROEIEIEE A, EESHS CEAL
WNETTeDIZ T D X 5 R HERISEIN H - Te b THA D

5. BERBHE S MMMIENR OB Y #8H

2000 4EEDS ==L 2LV AT GA YD, HRIC
Bbo TETIMA (BETX—3—) NEAINHEDTZ. 4]
DFAZEE D2 I ARFHEOFNG358h> > 7253, 1GZO &
MRS DM b T 2 DA X OBET, L0 mAHRE - B
T, 2o, BE - RHBBEINFEB SN, XUADBE
FHENT, ZIVE CTAHRIE & NSO LD Tk
RNDNTTEZ, B, RnEETIE, a2 vva—%777
4 w7 A (CG) BfiDRRBIZL Y, YER s v
= b— N UCHigAERT D Z &0, Wi & BEE & O
BB ERAREE LCANTHZEICLY, &E8F
Y =T 4 T FEEAOCTERBTY 7L RNUE & B
EHBETED LR TER

FZTHY 27 EOFEEIEE T, RSN
TEFDRICZERNLT 20 M2 DT, Rrea, @i, JER
DoHHA IR —L, REHOMNRLT FAF X 72 EDFK
HITIZ L D EEFEHTH D, Bin 25 L BRDF (Bidirectional
Reflectance Didtribution Function) ZRF>%8D A > 7 Z#AA
DETHEE~Y RV ALY FETW), KiREZ 2 br—1d 5.
DFE Y 8725 BROF FHEAFFOA 7 2RI L DN —T K
—CHifE A 2 TIMERET 5 2 L2 X Y BRDF Ofilf#
MAREL 72D, HIZ, A 7 BOREOMINROT FAF v 72
EORIMMIIMTZ S, 2O LIS, FREBIZITTERD
BB ORI LY, RO T 7 o R 2 K2 =
IR DR PR A HBLTE D L ) I o 7z,

6. {AIERLEiffT & Bt X ) T o

TV X OEEE - BRI, BIESCEERRE R
EOHAMMENER L, 7V & BIRICHRIE OS2 Bk
T B DDA AATe = & IR BT E o T,
BN, FIRIT 2 SCERERICSA 2o — Ry ho¥—r%
HRIL, ZoRZ— 127 ) 2 ORIEER S, 714, H
Wl B K7 EOfFRE L L CEIRIL, AEigEnRsian
TIRFCBBRRE E 35, BEBhIEERNE, TR TR
N—>7" (CBCG) MH#EET D& 1L 27 & (Counterfeit
Deterrence System : CDS) 2MERRIZHAIAE LTI Y, e
BIET — 2 ZERik LTSI BB D 8T RO RARY L&
179, £z, WEICEIM SN c2—Y Ao g —r (hER
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P ORkR 2 8 OVERI TR L7232 — ) 20T 5 F
B, ELENLEREBTL2FERDY, BEOHE L TKE
Digimarc #E23BR%E L 7= MU ORRE O K S 128D L& MLAA TS
FRRBH DD, UROZ LN LFERITAR I N TR,
7. ¥EBILKEV ) 21— a3 VEEADELH
70 U XTEHRASCEERA ORIRIEEE & L Chiisa iR
TEm, Iag g AEE s L TigER N, POD (printon
demand), /NU T TVEIRIOD 3 EF~ & TFENILAR D T LT3
otz T, EAOHIRIZ T TlEel, TXFRAZANRT T
A, BANVE e AT ¢ 7~ EIRIOBE A S IR L
TWA. EBIL, A7V xy hTY U2, HEEEEOR:
PEANLTOLED (BRELED) 2 ET A AT LA DI T—
T ANHE, DNAF v T DL D73, FF v 7ORER L,
HEH - BRI L ER BIR LHAER b JL 3 o 72
R=R—= L 2 bDBEIRT L, 7Y & A—TE THRiCH
NI BB RIS D403 200 [REFa 20 b - HREHE
DYV a—a L ERHET A ~EERERT, B
~OHEH S E DT FEFIROTLRICI Y A TN D.
8. Al EIfRALIE D F 15

Al BB DO HBUZ KV, BHGALBE AR E < EF LIz,

Bz, —ERNIBAGEN S S, KEYEE (1BP:
Iterative Back Projection) 1, MAP (Maximum apogteriori) 75,
POCS (Projection onto convex sets) 74, ML (Maximum likelihood)
1%, Wavdet SR R ES D7 LT Y ZABMEREN, 0D
FREETE ST U CHE 2 SRR L7 b O TH D03, Al @Bfidsix
UTNT, THUEOBRENRH Y, El @I TE S,

FIERIZ, BB AL, SRR LR, B 7R gL
HTH ALFES X R E LI Cnd. Al B OB
K, TEROEMGILEIHATDZ < A3, Al HfffcE & #ny, X
D EHEREIC, DO X VEREICER Loob Db, £z, Wi
AR ALITA E THEICIZTE e o Tl o TAIfE] £l
HEL L, M2 AR BRENFELIEFL LS L LTVA.

W ATEEE Y, A~v— RT3 ORRICH AT & CPU KLY
WIERELHAAEDLE T, Al BEAET, BEEREC
Inpainting (I&18), EitgE 7R & DRk A I WBER ATRE L 72 1),
B2 EAEY LT,

—7J7, DTP AR OE L, 7V & 72 ¥ O3k E k]
L, [FA My Ca—FOlEsTeT —F 220 E EHEICH
XLV DOT, KREFHRZETT DR W BEABEN T
B, ATIEHAEERIEY ) a—varo—RESN, FAL
MO LG DT F—Z LDV AT A ThIEET % &9 A
ICEDb-STETWS., Z078H, TV UZ RT7A4 3=, Al
HZ D AL, L0 EHERRICR D >odh 5.

Al B o 27 MMIELY AT T2 DITIE, Al BTV L1

Y U —=INRTGRA=F % RTA =& HWTEEEICHLYD 1A,

EHEICEAAT ) LER DB, FH (FL—=27) KR
DF— 5 B VTR Y —/ A —%2 77 ROREE T CH

RSS9 2 D C, $AAIAZTID Al BV Z 53 5120
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<Summary> Creating 3D models of trees is a labor-intensive task that incurs significant cost. To
reduce the effort involved in tree modeling, several methods have been proposed to reconstruct 3D tree
models from images or sketches. However, to generate high-quality models, users must either carefully
select suitable images or be able to accurately draw various types of trees. In contrast, many deep learning-
based methods have been proposed for generating 3D models from text input, but generating complex
and detailed structures such as trees remains a challenging problem. To address this, we propose a novel
method for generating 3D tree models from text by optimizing the parameters of the Lindenmayer System
(L-system), a procedural modeling technique for plants, using a genetic algorithm with CLIP (Contrastive
Language-Image Pre-training) as the fitness function. Since our method utilizes CLIP, a pre-trained model,
no additional training is required. We demonstrate the effectiveness of the proposed approach through
various examples.

Keywords: modeling, text-driven generation, tree model, clip, l-system
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Fig.1 Overview of the proposed method
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Fig.2 Correspondence between each tree generation
model and parameters
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Table 1 L-system parameters for the tree model
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Table 2 Parameters of our leaf and flower models
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Fig. 3 Definitions of leaf and flower models

ERENG. £3, FIFXFIIDERFENC X > THEDIRL
ZEMWz 5N (FHE Prusinkiewicz & OEFED & Curry
D B) . Fx DEBRTIEEED R LA % Ternary
EFILTIESE, ZOMEFATIZ M4 ECHRELE. ZD
%, FEEMZ SN XFINIZ — P eI S 3 RoTZElH
Lo Ry tofllda e UTHRENS. X— b
JEE IR, FEHOTED S RIiZE» - T, 7z ED
BBOMHRDORX v > 2 Z2HEWT 5. ZOBX v 213ES
PRI, BRO~T VU 7ABEA IS Z & THRAN
BRROETFNAEEZ. BENIERY, RS 228 k)
LEEIIE, ZOEWADRA v 2 3HIFRT 5.

FELAE, L-system X XN TR LG D AERKT
5. EXEOIRE, ick hERIN2H—0E#E (B3
ke, URLF BHYER) % 1 oM EAWTHRET 2. LF &
REERT 212, £73 (0,0), (Iy,1),(0,1) D 3 DD R
RERBSHREEED, 2Ot L TIES RIS 5.
ZLT, 2N EAREZE-5DEOET, B—DLF
BRr$2. Eomsg K3, EhArsELGERLENR
A, O 1,/l, TOAEEZEZTI, M0 LF B#E%
Bl L, mEBICEDWNZED T 5. 161X, 360 EOHiPHIZ
l, > LF 52 % 360/1, $OME2ZZTRET ST
BT 2 (K 34). ZOREEZHWT, MMEORICE 57
W2 L —FDHENIERT 5. 2L T, ERfLDORKEX
YDA E, ROEFILD L-system 287 X — X ¥ [ARFICHK
W3 5. 24U, L-system 12 & DAERINZBARDED
JEUIC, T—VDHENMER LR L5 T, L
YRV Y ZHBICBNTERILICOWTHHENTE S X5
1255, ELEDBIK, REZIDPHEDRTIXA—XIIR21CE
EHHNTNS.

3.2 BEM7ILIVILERWVWENTXA—2REIL
Hi3RD L-system DR X=X B AT DT F R Mht-o 7=
BARDETAIMELND XS5 Il s 5. RS RT LTI
Bt FEL LT, BENT LI XL (GA) AT 5.
ZAUX, L-system TlI 8T X — X DW/NRZEITH L TE
DIERDKRELET 256D Y, AlLER Y OMEE
BRI R RR T 2 T EPHES IR N B TH 5. 5

11

4 EIEHIREDOER

Fig.4 Definitions of genetic operations
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Fig.5 Results of specifying different leaf colors in the
Sympodial model
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6 Sympodial 7% HWAER
Fig. 6 Results created using Sympodial model

K 7 Monopodial €7V % FH\W7-FER
Fig.7 Results created using Monopodial model
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Fig. 8 Results created using Ternary model
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Fig.9 Leaf and flower models used in our experiments
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Table 3 Similarity between synthetic images and text
prompts

A photo of an oak tree
A photo of a pine tree

0.2629
0.2573

0.2585
0.3049

R4 EFHEGETXIRANTar T L OEBE
Table 4 Similarity between real images and text
prompts

B rvx pzs
0.2837 0.2629  0.2467
0.2534 0.3267 0.2942
0.2325  0.3032  0.3079

A photo of a pine tree
A photo of a zelkova tree
A photo of a maple tree

PEZERE L. ZOMRER 3ITRT. “oak” DT F A b
W U T AR DO F 5 DARDEED, “pine” DEIRIINT L
TR ORI D KRDEGRL E N ZAMED E L 7oz, 2
DHOEFTIX, I, 7¥¥F, ITFTOROEEE BEEED
BWEOHEL, TXNTOEBIIH L TZERZN “A photo of

a pine tree”, “A photo of a zelkova tree”, “A photo of
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Fig. 10
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Fig. 11 Example images used for verification
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The result of tree generation using DreamFusion and DreamGaussian
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Fig.12 Graph of similarity when optimized by the gra-

dient descent
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E 13 ZERARFREZ I EIGEOKHTICB T 2K
KLU
Fig. 13 Maximum fitness in each trial when the muta-
tion probability is varied

14 SERBRMEREZLE BTG EOME
Fig.14 Results when the mutation probability is varied

B 15 BRI 2EUEOHBED 75 7
Fig. 15 The graph of similarity over iterations
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Fig.16 Stability of CLIP Similarity
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17 BHlicBWwTa—¥hE52/7-2a7

Fig. 17 Scores given by the user in each example
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Estimation of 3D Room Structure Using Edges on Segmented Images
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(BBHELY HFED VR/AR HfiOFRICHEW, 2 KItHE) S 3 KUt 2 HEE T 2 X 27 OEBEESZHICE
FoTW3. PTHEED 3 KITHEOHEE X, FEEDOAN—F v LHNER Y E— bavy—F 2 R YIGHTE S
Z ZCAME T, YR RGB H{RDAZ AN LT, EHWFHETY 7V T 1 DHIHMED 3 RoehlEiE zils
3. RBEFRE, TERER ESE LWERGRIER S 2 58 o BRI LT, wEEEZHAWTTREoD y
VEMHEL, BEFRETALDT 4v T4 Y7 ETY, HED 3 TSR HEE T 2. HEOMKER O EWHNHE
BB ORR, REFIEE mloU T 0.9928 DREEEEM L, 2 KTlR ETHEOHMMER? SHEICE#TE2
ZEeARENS. X501, EESEREr BNy VRV 3 IOTHEHETEICBWT, EETIEIT AbsRel
T 0.0299, &1 T 0.9998 DIEEZEM L, EFEEICHED 3 KITHEDEITHITA S Z L ARSI,

F—DJ— R 3 JUTHLEHEE, BIRRIERS ], v DR

<Summary> In recent years, the rapid development of VR/AR technologies has greatly increased the
importance of inferring 3D structure from 2D images. In particular, estimating the 3D structure of rooms
can be applied to virtual tours of real estate and remote coworking. Therefore, in this study, we aim to
estimate the 3D structure of rooms more conveniently and realistically using only monocular RGB images as
input. The proposed method detects room edges using logical operations on images obtained from semantic
segmentation, which has shown remarkable accuracy improvements in recent years, and estimates the 3D
structure of rooms by fitting with a cuboid model. In the recognition of room components on 2D images,
the proposed method achieved an accuracy of 0.9928 in mlIoU, demonstrating that room components and
edges can be recognized with high precision. In the evaluation of 3D structure estimation using depth
estimation evaluation metrics, the proposed method achieved an accuracy of 0.0299 in AbsRel and 0.9998

in 01, demonstrating that highly accurate reconstruction of 3D room structure can be performed.

Keywords: 3D structure estimation, semantic segmentation, edge detection
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Fig.1 Overview of the proposed method

R 1 BEHGHVEEDEIODEE S F—F XL
Table 1 Classification and color labels of semantic seg-
mentation
ID MR HhI—1 HT—2
R G B R G B
1 x5 s oo oo 0 o
2 JrkE 255 255 0 255 0 0
3 AEE 0 255 255 0 0 255
4 R I 0 0 255 255 255 255
5 Em 0 255 0 0 255 0
6 sy 255 255 255 o 0 0
(a) #7—1 (b) #5—2
(a) Color 1 (b) Color 2
B 2 FEamAYmEEE oo

Fig.2 Example of color of semantic segmentation
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Fig.3 Edge detection filter
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My DBOFRICIE, R2DHFID L2, BEAKD
10Dy IDABREFNEFIB IR TWS.

BEAROKLE BT 2 FMe ke LT, SHEBO 2 #E
BRZER LT, BED G o Mo T OmEMEZIS Z &
T, EARD 1 0Z2HHT 25 ENEZOND. BEFET
&, Ffizo, #hEMRGIEE LT, BWmERSEET
NOHIFERIZBWT, FEEBCEID ¥ TE2RRE (VT
IAHT—) EEHBCHEEL TS cE 3 cEHL, R
2D 2HEDOH S —HHAWT, Ty IO EEITS.
3.1 @i R SN EEDEE G LT, R2DHF7—1, 2
DEoiz, B3 2EHOETTEITV, ThthotaF %
AN LTy DBHEITS. Z0/R, — oy Y
DAZFRNHH T2 e A TES. 20k, £20DE>S
12, Ty VHEgETORBEEZITS> 22T, HWE T 5HE
HIRD 1 LD AEDFET 5.

3.21 WEESEERISOIYIRE

HiE 3 2E5ROZL MM T 272012, 3.1 HiTHES
NS EEGICH LT, Ty IBRHEITS.

Ty OBMHOFEEL LT, —fRiC/ 4 XDZ\HEAREIRIC
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(a) T v SRR
(a) Result of edge
detection

(b) EEMZRE Ly Y
(b) Result of edge
detection without obstacle

M4 K307 4 nR2HVETy IBHIFR
Fig.4 Edge detection results using the filter in Fig. 3

Hf LTI, Canny #E*9)%, Sobel 7 4 L&40)72 ¥ A5 < W
LRTWVWE, F2DXk512, AFETTy DRHNGRE R
%, EEGmNESOE OB LT LN 3 7 OLERTIE
HERDOFERICOWT, K- BE - K - 1IEH - BEWD 6 -
FZ2ADWTNPICHIET 2RO EZE D Y TorN 3.
ZDi, BREHRE B2 D, FEHREINT 2 ERHEDOLE
1ix, BEEOZTE LTIE-Zh e REHXNS., 20729,
IDFHBERODRVWAEE LT, R3(a) DEIK2x1D
HEAMOWMIT 7 4 V2, ZHhZHEBELRZK 3(b) DLS%
1x20DBAROMS 7 4 VZERAWTEYEHICT Y V%
BT 2 22T %. HEESERRICNLT, K374
NEZEANVTHREINZy DOl 2R 4 1273, BHER
PRT LSS, EESEEROBEROBHIEZ, K3y
M7 4 VR THRICRIBTE 5.

M 4(a) D k5, HEBSERRICHEEYIEEN TV S
B, BEEYoy YbmHINTL WV, BEBEOESIKE
FLEYDT 4w T4 IR/ AR eb,. 2T, BEY
WK T2y YOlERY, HESERREHCT AL
332 T, EHROUOAZRME LR ITDOD 5K 4(b)
DLy DVEBRERLZENTES. ROy PHMHTI,
fEEYOMEIRE ~ 2 7S 5 Z v T, REYLNDOIBED
BEDOEHD L v SDAEWS.

DEERO DA OEEEZ 22T, £2DHY
D&, EARD 1 HOAHZBIET 22 i3 TERL. fi
Z1E, RKIFL EREOFEF 2t L2 wWihE, Kir FREx R
RBOETHRRT DL, FARICKIF L EHOBERCLRE Y KD
BERBMHINATLES. X512, EEOEREOBERICIE,
AR LR D TV DOEZEDREAR, BRROFES iy
D) AZXDEENTVBARENEDH B, 22T, HEROER
20 oFo Ny YHEBICN L CiREHE R EA T
5Z2T, FERTyPEREL, BN T 2EHERDORE
D1ADAE 4 x U CHEEICHE T2 2 e A TE 3.

Ty PBMHIZBWT, — DTy PDAEMHET S0,
HEREL L, K205 — 1, 212073735, ZOME,
BOERERICN LTy OBl Z1T5 &, K4(b) D& 51T,
ROy PR IR, 2REOBTITICE-T, &
F v ¥ AIVOERIE 2 {HER Y Lo T30, FlZIX, &
Z7— 1D REBZEBIHLT, RI3D7 40 XEHANTTY

22

PR EITO L,

K 5(a) DLHIZ, K- EOBEL ZDIZHDFEBO T v
VEMHTAIENTES, ZhA%ER1IDHITI—1,2DR,
G, BZhzhoF v 2N L THEEEIITS &, K50
ok, —HOZyPOAERBITLEIENTES.

BT 2 VIR 1 OBEREICK D, B 25 A
L7z 2 fHERO Ty Dkt T 279, #7—1DR, G, B
Fx N hT7—2DR,G,BFr s, TZhZN
BRIy IRR—VE/BZIENTES. B, #7—1,
20 B Frrauld, B5(c), KIs5(f)DLsie, ALzy
PN S 720, ZOnITHR S BEO T v Dt
REM[ZZeHNTES. ROy VHFETIE, 205 EHE
DTy IHFERICZ T, SEESEEGIY LTy O
hx L7z 4(b) Mz 7z, &t 6 EHEOT y DB R %
FIHT 5.

3.2.2 HEBEEBICLZIEHFDIODE

£212, M50y G 3 RPEE T, EhKZ
NZNDLEFET 2 HiERTRT. 3218 TtHRony Y
BRI LT, X2 OfmBEHAEZITS 2T, RGB HE% L
WA ERREDIEH OB L REG DTy P2, EHDEED |
TOZy I HTEILNTES.

—fle LT, AOBEr RIS 230150 TiE, h7—
1D B F x> 3 AhbEoniE5(c) DTy JHEgRY,
720G F ¥ IAPLELNER 5(e) DTy VHIR, H
BB G 518 572K 4(b) D v JHE§REHWT, OR
HEY XOREEZITH5 8T, PHEITZenTE5. fth
D 7REEOBEH RO OWT B RIRRIC, £ 21TRL-HE
HEZITS 22T, HRLEOT Yy V2N HTEIENTES.
ZOAVEDAER, Eff EIEES RO 8§ YTy Y
MENZIHY L THHB XN 3.

3.3 IvPICESKEAFRETINDIavT 4T

AFITEX, X1 OREDWHICH2, =y JHEGLEN
KETALDT 49 T4 VI HEZDOWTIERS. KifFEDH
N, RO 3IXTTEEEHEET 22 TH D70, HED
KF, BE RD 5 DDEDH X T IZM - TW B E{RIZOWT
Wbk>. 2k, AFEEE7Z TV r—>a VICHEHT 3
Bz, =¥ —IC2TOMEDM - T\ 2 EROFRT & ERT
B EELTVS.

B 6 1z 2 KyTEifg - 3 Xorzef Lol AT 7L D%
ZRY. K6 TiE, K6(a) IREFIETHIEHKET LV
ERIRX—-2DOMFRERL, K 6(b) IZETINVEERTOE
FRDTERDPEEE R L, K6(c) ICHXZHEELEDOT Y DY
EHROHERT. K6(a) IIRs k512, BEFETE, HE
ERIEHFERETNZIHEDR, &, FITE2/RT width,
height, depth ¥, 6(a) T, A Ocamera TRENTH X
ZRRE R P RSB RO e ottt t,, t,, B
RDETIVEEOKRE O O ro, ry, 12 D 8 DDIRT
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(a) »7—1: RF v >xib
(a) Color 1: R channel

(d) #Z7—=2: RF ¥ R
(d) Color 2: R channel

Table 2

(b) #5—1. GF ¥ rH (c) h7—1: BF v 3L
(b) Color 1: G channel (c) Color 1: B channel
(e) h7—2: GF vl (f) #5—2: BFr 2L
(e) Color 2: G channel (f) Color 2: B channel

K5 BEOooTy IR
Fig.5 Example of edge detection results using each color component

®2 mEEECIZTy O0H

Edge classification by logical operations

AR L [ R |
( OR ) XOR
( XOR ) AND ( AND )
( OR ) XOR
( XOR ) AND
( XOR ) AND
XOR ( AND )
( XOR ) AND ( AND )
XOR ( AND )

X—RTRET 2. BETFETIE, IXTHLRALZMEON XE2HVWTRLEZEFIVEERTOESKDTE SO RBEEE
EWOAEHET 270, WX 5 LD bBAOHMBEOHMEZE  [X6(b) 1TRT. K6(b) DIEM A, B, C, D%, K6(c) DA
BLZ. 2D, AT EEFSESEROFLO 2z B X FEER EOEEDIEM a, b, ¢, dITHIELTED, HffL
RO FEREE, depth/2 KEELTWS. THABHDRTX— D€, f, ¢, WM& EAKDOU AE, BF, CG, DH Lo

23
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(5-49) (5-49) @ y
Aot B
width A
‘ ("%’"% 0) a b
[ c d
g b
(a) EHKETIL (b) EAED 3 KITHAE (c) Eif§ Loy

(a) Cuboid model
6

(b) 3D coordinates of cuboid
Hiff e 3 RICZEM EOESFIRE T L ORMR

(c) Edge on image

Fig.6 Relationship between 2D image and 3D cuboid model

FIZHIELTW3
73, M6(b) DEAKRETNVEIERDERE Y, (T X —
& rx, ry, rz OOEEITHE VT, H X 7 EBERTOREREIZ

BT 5. NI RX—=K rx, ry, rz DEEETHZ ZH 20 R,
Ry, R, 32k, BEEATINILLTD L S5ICELEINS.
1 0 0
Ry, = |0 cos(rz) sin(rz) (1)
0 —sin(rz) cos(rz)
cos(ry) 0 —sin(ry)
R, = 0 1 0 (2)
sin(ry) 0  cos(ry)
cos(rz) —sin(rz) 0
R, = |sin(rz) cos(rz) 0 (3)
0 0 1

xiz, K (1), (2), (3) DEERTHI O Z HWT, E7 VR
R AR ZEFERMEOEERZITS. SENE, ETROX L
%1 —)l (roll) - ¥'v F (pitch) - 2 — (yaw) DIEIZATS 7=
%?w@@%mﬁﬁ%ﬁﬁﬁﬁﬁﬂR@MF@;akﬁé
ns.

R=R.R,R, (4)

X (4) OEEETH] R 2 HWT, 7 VEEROMEES H X 5
TADERNCEILT 5. ETFNEERDEREE (Zony Y Zm)
EL, WX TEBEROEBEY (X,.,Y,, Z.) 55, DITOD
D L.

X, T ty

Y. | =R|ym | + ty (5)
depth

Z wm) N\

K (5)IC&LoT, EAERD T X—=2%EHNT,
BEHRXTEERTRT N TES.

Xz, BEp Oy WIS T HEFRDLE 7 49 T4
VI BIDIC, BYR—ILARXTETFTNDBHRL ALY

[EWAREND]ES

24

FWT, BEHREEERE 7 X 5 BIEROBGRZEAET 5. H
BEERD R OMEEE (u,v) & L, B X T EERDROERE
(X, Yo, Z) 22, EVR—IARXTETIIBVT,
P OBRAD D 7D,

_ faXe JyYe
2 UZ (6)
fo, fy @A X T OELIEREE, ¢, ) BEFEPLERT. R
(5), (6) D 2 DDRAGBRE NS Z T, HREERE H X
T PEER, ETNVEBEROBGRERT LI TE 5.
BRI, HER Loy DG T 2EAKOAE 7 49T 4
VT B0, RPN FIETRE(CLT 2AHAREE ERT
5. 749y 74 YT, BHEALERLEOTY Y FOK
L, RIRX=ZEHWTEHAE LLEARDLOER RN
KB EIT, RPNZHIETHL LT, BEARDNRRT X=X
EHETS. 7, BEHARDARFA—XEHANT, H{EEIZ
e RodoX e E s 5. Ef ITEGER
DADSH, EHIOED EREFDT Y Y ab, cd, ac, bd, 35
HeEADBED ETOT Y Y ae, cg, bf, dh DX

(&
+Cpy V= + ¢y

%.@@t@ﬁﬁ%@%ﬂ@ﬁ%ﬁét@k,u?®ﬁﬁ%
D 8 KDETNEIERTDEREEZ VS,

A = _wiéith’ hezght depth)

B = ( wi;ith’ hezght depth )

C = (_wiglth’ hezght depth )

D = ( wigth, hezght depth ) (7)

E = ( _ witzith 7 hez2ght ’ 0 )

F = ( wiéith , henght , 0 )

G = ( o wiéith’ hezzght’ 0)

H = ( %dth’ he¢2qht , 0 )
R (7) DETNVEREROETERZ, R (5), (6) ZHWT, HEi%
PEARR DEERRICZE S 5. 3 (6) & W CEIGREERTR D FERE
WCEHRT BB, A A T ERERD 2 T & 5 0 BREZBG <

729, FLEOMEOR E L F G H OFEEZRWS. H
BEEROT Y Y LD 2 HOBEIEE (u1,v1), (ug,v2) & L,
D2 KD OEMDAFEREZRD 2. 2 i@ s ERO—K
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Fax +by+c=012BVWT, MEEROFEHIUTDLS
WTRINS.

lax + by + |

N
_ (w2 —v1)x + (w1 —up)y +
V(w2 —v1)? + (ug — ug)?

HEHAERER> B I Ny Y LomopEge, K (7),
(8) ZHWT, HREEROTy Y BHlENizTy Y LD
ORGP RN 725 X 5 IRt s 2 2 & T, fEEHE
BRI X NZEHTIRE T LDRT X — R width, height,
depth, ty, ty, re, ry, rz ZIRET 5. ZORIX—X%H
WTEAKRETVEHRRE T2 22T, HUE T2HEOH
BEWHESTZIENTES.

4. 32B% - 5FM

AETIE, REFEOMREGHEZ1TS. £3, FHEcHY
L7 =&ty MZOWTRR, Z0O%, EWRHmINEDSE e
TUDEROHRER LR TEX 20 2MHREL, EOT Y
VM OREZFET 5. RBRICAHKDOHETH 2EED
3 XA EHEE D PEREFHT 21T 5 .

41 F—=Rtv

BREEBRRARX TR XA—RREED 3 XcEEE &
BAREOF— &ty b LTIX, NYUV2')% 2D-3D-
Semantics® R ¥R SN TVWS. LirL, ThE5DF—XK
£y MIREFETHHT 2 EWERHNEESERH O 7 X%,
HMEZHKT 2HDOT Yy BTG eiy, FEBHRORE
EdT+oTidivy. ®3i1Z, BEOMEDOLA 7Y M E2fl-o
727 =&ty FORIERT. ZORDFEEIFERISEHE RoT
W3 NYUv2 % 2D-3D-Semantics 1%, EEERNSHTDH
57280, RIEPL/ A XL L, BEFEOTMIITHES 2.
Structured3D*NZ, 7+ F VTV RTF 4w 7 TRBEREE
D 3D CG €70 HAEM S N EER X T 223,
BEEINEBOZ X, Bo12HOAM->TED, HE
TEBENT 20T RERESREINTELS, IX70D
MEHKD»S 1.bm OESICEEINT WS 728, M
DERFVENT T TH 3. RealEstatel0k°NZ, BN Z R
L7 YouTube OEjE 2 &4l U7z EifG %z b 2 I/E S vz
T—=Xty FTHB. LrL, ERSHIBEHEICNT 27/
F—3arD 3IXTBERIZE, SIM R—ROFETHESINT
HOTHD, RESHBEICRIEND 5. Tz, Structured3D
% RealEstatel0k &, JFEAARHEOHEMEZH->TW\5
7=, AWFEOMERE T H 2 BRI IR RE 2 5 RS
EfoTwRWV, koT, RIWRLEBFEDT—XEy b
i, FHCHEEHRICHEZEITWS5D0% L, RifFED
HIT®H 2EED 3 RTHEHEE O FEMI 1308 X 720,

Z ORI T, 3D CG Y 7 @ Blender®™ % W,

distance =

(8)

25

LR RERER R L CG F— &ty P 2IERL, Hf
2175, B7 B LT =Xty bo—fl2mRs. 7—X
+ v NI RGB Eif%, HEEE, 7 LEROMTHERI,
WA WX T DRI XA —=RBERINA TS, FTL
BRI EE MR T 2 K, [EHOBE, ABE HBE IR, [
EYID 6 75 AHESNTED, EEMICISESTKD 8
ADTy PDERDNRT XA —R Y Wik O EREN ST
W3, RFROBMNE, EVWHEHFOTEOMELHE TS 2

LB D7, IEM, B GEE IR, KHO 5 DODOHHBMS
ERDOAEER L TWS. EREEUZ 15000 KB L, Il
F1 10000 #2, #REEAT 2000 #, il 3000 # & L7z, HED
EERHEITE, [EEEAIXT VX LIREL, HMEONEPRPRK
EoMEPEE, HROMERHEED 7V X LITREL T
3. BEEICIZEEE LR T 2 2 F ¥ A EN Tz ambientCG?2)
PHRAL, FEIZIE Amazon THRFEBINTWBEHD 3D
CG TN E N7 Amazon Berkeley Objects (ABO)
Dataset?® D€ F L% FH L TW3.

T4, ERLIZFHMEA T — 22y MBI 2EHEDT v
POBRMEERT. £4 TR, HEOHDOZ YYD
BD5h, EEPEINTVAES ZERMRE LTHEL
TED, BRENEWIEZY, Ty IBRELRLIBEIRTY
5Zr%ERLTVWS, RABFRERYTERINLITV, IEH
TRETR, A ROy PORMEIENI S, X hBISE
HRREEPHETETWAEE X 5.

¥, EWRIERSEE T, EREICBIT 2GR
BERBCTE20EFH$ 2720, B 8127r3, LSUN room
dataset®®Z T, HEOREZRMOFMGZ1T 5. LSUN
room dataset |%, EEROENZHEHRY LIzEHBIIH LT, K
H R - AoBE - 5B - IFED 5 DOEISHT 3 5N ZAE L
727F—&ty b ThH3. CGTF—XEy bHIRLT, R
BICHI LB R 7 R Y OBEMLBECE RN E TR TN D
728, EBRORRTHROL A 7 v+ ¥ OREZRMATRED
PIMETE 2. F—&ty M, TBERYD 3 XITHERP
HRINRTRA=EPEEFNTESL T, (5 INEEMTL
ey BT —L REEPOICHI L THRIL S TED,
BET DB FRRIIMERE OHEE I X 2 B DT, M EM 7
TERMEEIETZ2DDOTIERY. LEdoT, ERICBWLWTIE,
ZOTF =Xty bE 2 ICEG FICBT 2 EERITEIR S E
DFHHD AW 5.

4.2 BEPRREVFRIZDE DR

AREITIX, Blender TEL7=7—Xt v k&, LSUN
room dataset % \WT, EHEMAYEIR D El R MERE
i S 5. IREFEOEKRBNEBIEOETLTH B,
InternImage-L*4) % F\ 7= SegFormer*® i 2T, ki
T EEF A OBFEFILL LT, ResNeXt 101D 32x4d°%)
ZH7= CNN R— 20 PSPNet?!) ¥ | SegFormer-B5%%) &
DHIEZITS. 2L T2 RTHEBIIHT 2EEDL A 77 b
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(a) RGB MHif§g
(a) RGB image

(b) PREECHIfG:
(b) Depth image

(c) T~ULHEIE
(c) Label image

7 CGT—%ty ol
Fig.7 Example of CG dataset

K3 WEOLATY FERoTT—&Ey Ml
Table 3 Example of datasets for room layout

MERREEZE 3D Object EBEEODT v FREME RENH
NYUv2*7) ES{LE HD KL E 5k SR
2D-3D-Semantics*®) SEH {5 HH ZL [EWAEEN AUHE
Structured3D?) CG Hh HY FEHEK Xva
RealEstate10k?) ESEICY %L Hb FEE ST IR %L
AHIZE CG F—&+t v b CG Hb »b EHKR Xvra

(a) RGB Eifk 1
(a) RGB image 1

(b) Z~ULVEHE 1
(b) Label image 1

(c) RGB [Hif%k 2
(c) RGB image 2

(d) Z~ULER 2
(d) Label image 2

K 8 LSUN room dataset O
Fig.8 Example of LSUN room dataset

R4 FHii7T—%2ty bOxy DI

Table 4 Distribution of edges in the evaluation dataset

FEIRERCE (%) RORERCE (%]

kEE 0.64 100
1Em Lk 3.09 86.19
=l 0.50 100
Bl 10.34 100
IEHA 10.63 100
TR 21.91 100
NN 46.70 100
aF 22.08 100
2K 17.23 68.83
DFHBEATHS>FETH S, Lin 5OFED L JHER1TS. B

HRERIVEIR AT EIE T L OFH DRy ZBIE 50 & L, Ny F
B4 X3 8, FEHERIZ0.0001, HE(LEI%EIZ Schedule-Free
RAdam®) ¥ L7z, Lin 5DFHED¥E AT X — XX, TTi
XeRUREZMHL .

ERERTEER S #E o MEElX, F12 Intersection over Union
(IoU) AW TFHEiX 3. ToU & T HIFEEL & IEfRE O &
Y DEIGERTIRETHD, ROXNTERSINS.

26

TP

oU=— —
U= TP FP+ FN

(9)

X (9) 1I2BWVT, TP(True Positive) (& FHIFEIK & 1EfHER
H—HLTWB 7L, FP(False Positive) 1 FHIFEE
DAIIFET 2B FAL 72 ¥ 7 2 HL, FN(False Negative)
FIEREBOAIEET 2 REL L7 kRS, ToU
DEPEWVIZY, FHITEER L EREES—HLTwd e
mL, BRI DEORENEN T ¥ 2RT. AR T
EEHiFERE . LT RO IoU WA T, 2HEERD 7 7 2
Zt OIEfRFERRT Class Accuracy &, LA 7V +ilikTF
FEOFET— N7, ERLEE 72 L0EE % /RS Pixel
Accuracy %W CHREFHIli 21T 5.

& 5,612, #FED RGB HE§ICH3 2 BERmAIFEIR I E O
FEZ7R 3. Lin 5OFEL LT, REFIE L BRI
FEIR = 7D PSPNet & SegFormer-B5 1%, R DK
BFE% CG 7—&+t v b, LSUN room dataset D /5T
BEWHR#T 2 ZeNTETVS. Fig, CGTF—%tvy b
TlE, Lin 5OFEL LT, HEWmNERSElE 7T
FEEVOFGEESH ELTWE Z b s, B9 ICHEK
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x5 TEUERATEE)E DR
Table 5 Accuracy of semantic segmentation
Class Accuracy TIoU
F—&+tv b+ 272 Lin'"Y PSPNet SegFormer-B5 #2%Fi#: Lin'") PSPNet SegFormer-B5 {2&Fi%k
KHF 0.9940 0.9992 0.9915 0.9997 0.9831 0.9923 0.9882 0.9980
FrEE 0.9686  0.9919 0.9883 0.9995 0.9620 0.9882 0.9822 0.9976
al:s 0.9717  0.9959 0.9894 0.9984  0.9658  0.9927 0.9814 0.9977
CG JZ 0.9669  0.9872 0.9931 0.9963 0.9211 0.9827 0.9866 0.9947
1ETH 0.9787  0.9906 0.9946 0.9963 0.9282 0.9748 0.9743 0.9930
R 0.9380  0.9677 0.9862 0.9885 0.8362 0.9354 0.9695 0.9756
15 0.9697  0.9888 0.9911 0.9965 0.9327 0.9777 0.9804 0.9928
K 0.8487  0.9415 0.9470 0.9481 0.7214 0.8739 0.8833 0.8840
fekE 0.8518  0.8691 0.8940 0.9131 0.7753 0.7894 0.8159 0.8474
et 0.8854  0.9164 0.9190 0.9179  0.7828 0.8137 0.8445 0.8585
LSUN IZ8 0.7828  0.9548 0.9599 0.9601  0.8665 0.9009 0.9142 0.9192
1ETH 0.7748 0.5761 0.6604 0.7617 0.4063 0.4355 0.5077 0.5990
Ty 0.8711  0.8856 0.9026 0.9169 0.7600 0.7627 0.7931 0.8216
(a) EfEZ~L (b) Lin'Y (c) PSPNet (d) SegFormer-B5 (e) BREFIE
(a) Ground truth (b) LintD (c) PSPNet (d) SegFormer-B5 (e) Ours
9 TEIRAERAY R D H DRGR

Fig.9 Result of semantic segmentation

=6
Table 6

EIRGRIEE S H D Pixel Accuracy
Pixel Accuracy of semantic segmentation

Pixel Accuracy

Fik CG LSUN
Lin'V) 0.9785  0.8732
PSPNet 0.9898  0.8856
SegFormer-B5 0.9911  0.9026
REFE 0.9916 0.9169

RIS EIORREG R, M9 D L21T1E, CGTF—
2ty b OFEREGFTH D, T 2171, LSUN room dataset

DFGREBRTH 3. 9 5, BEFEOEKHAHEE
HEFIE, SEOEREEIC ) £ X3P L, ERR ORI
REEREICTERTE 2 Z e RMNICHIEETE 3. Fi
LSUN room dataset DFERTIE, HHELERTH-THH
BOMREREZTMTETED, BEFHRIIBWT, B
FIREIR BT T ADEERTDIENTH S Z L EZRLTWVWS.

iz, 3.2 BITHRARIEHR EDEHIKRD T v D OIEE
% CG7—&ty FEHWTHHET 2. FHiiziTH1cH7z-o
T, HEBSE» BNy VHERERNT, ERO—K
Faxr+by+c=0DFX—2Z&q,b,cZR/N_TETRKD,
ZFDRIRXA=ZEHRNT, Ty IDEEDARER: Y EHK
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xRT7T TyIBHORKE

Table 7 Estimation accuracy of edge detection

Lin'D PSPNet SegFormer-B5 REFIE

A [rad] UEBE [px] A [rad] FEBE [px] A [rad]  BEBE [px] A [rad] FEBE [px]
£k 2.7673 124.5799 0.4094  12.4087 1.1952  834.5539 0.0772 1.4609
1IEH 0.5488 209.1435 0.0662  20.9714 0.6734 1696.9930 0.0114 2.1049
raln 2.6206 116.2880 0.2813  11.3918 1.3546  899.7793 0.0682 1.9428
1B 11.5861 492.1432 2.0488  28.4670 11.0860 1249.8762 0.0843 2.8547
IEMA 9.5801 278.4537 0.8345  20.5652 12.9041 1072.9851 0.1085 2.9648
ETF 3.9370 442.3464 1.0902  18.2976 5.5166  506.5242 0.2341 2.3688
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Fig.10 Result of edge detection
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Table 8 Accuracy of edge detection
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EE#A  0.6686  0.9021 0.7000 0.9664
AT 05840  0.8784 0.7254 0.9723
EAET 05617  0.8447 0.6652 0.9612
AF 06131  0.9161 0.7201 0.9736
2K 0.3785  0.7700 0.5762 0.9242
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K9 HEITKRD T X —XOHEEREE
Table 9 Estimation accuracy of cuboid parameters
IEfFEIB [m] HEE ISR [m]
MAE | RMSE | | MAE | RMSE |
width | 0.0058  0.0417 | 0.0124  0.0618
height | 0.0086  0.0615 | 0.0121  0.0648
depth | 0.0047  0.0345 | 0.0104  0.0540
tx 0.0077  0.0485 | 0.0128  0.0531
ty 0.0050  0.0334 | 0.0091  0.0383
rx 0.9536  1.2987 | 0.9604  1.3089
ry 0.8672  1.2003 | 0.8874  1.2412
7 0.8382  1.1587 | 0.8421  1.1648
T | 03363 04172 | 0.3433  0.4274
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Fig.11 Result of 3D structure estimation
xR 10 MHNTREHEE OREE
Table 10 Result of relative depth estimation
‘ AbsRel | MSE ] RMSE ] 4 1 o2 1 o3 T

Depth Pro | 0.0361 0.0014  0.0280  0.9929 0.9982 0.9993
Marigold 0.4797 0.1092 0.2953 0.4442 0.6874 0.8244
RETE 0.0299 0.0010 0.0227 0.9998 0.9979 0.9999

0.20

0.057 ¢

0.001*

0.3 M
Invisible Edge Rate

01 02
K 12 Abs Rel &= v JOBERMEDORE %R

Fig.12 Relationship between Abs Rel and invisible edge

rate
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Development of an Integrated Visible and Near-Infrared Hyperspectral Image System for

Pathology Specimen Analysis
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AR, SR EBRIE ATREIR~ VT AT MIVT X T RoNA 8= 27 MV T A Z Rk Eh, Y

T— ey U TEOSBTFIZIR D TR 2 7208 THOREHEOTEADSBRR STV 5. REMEARE, MikoORIEIC X -
THATE DY FE ) BE DRI A LT B 12D B OTE AN IR ST d. L0k e LT, At s
HEFRND AR FIUERZHA LTS 5 2 L TINE TREZKH TE O TORWET- 2R EE 6N 5 ATk
RSB D, LU, RSO RN - RINES R % BUS FTRE/R T AT AMIARTZBATR STV W, ARFFZECIE

AENEANRY WL H AT EFRAKART WV AT EFRNTHIX i EBEG L, 2 oA E it Ll
- A HENEZ BT 2 AT 2R L0 THRET D, Fi2, BONEBOBERIC XY A7 — V% BB
) U ABABR O LR\ R 2 BREE FTREIC L TN 5.

F—T—F PRI, A= RT BV, AR, A, REREA

<Summary> Inrecent years, multispectral cameras and hyperspectral cameras capable of capturing spectral images have become
commercially available, and their use in various fields is being considered. Spectral imaging is expected to be utilized for pathology
specimens, as staining characteristics change subtly depending on the condition of the tissue. As a more advanced analysis method,
integrating visible light and near-infrared spectral information may provide new information that has not been obtained in
pathological diagnosis so far. However, a system capable of acquiring visible and infrared spectral images of the entire specimen
has not yet been developed. In this study, a visible light spectral camera and an infrared light spectral camera were used to acquire
spectral images separately. We report the development of a system that acquires visible and infrared spectral images by registering
the two images. In addition, the XY stage is automatically controlled during the acquisition of each spectral image to enable the
acquisition of a wide area of tissue.

Keywords: spectral images, hyperspectral image, visible light, infrared light, pathological slide
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Table 1 Evaluation of registration accuracy
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1) Winchenbach, R. and Thuerey, N.: diffSPH: Differentiable
Smoothed Particle Hydrodynamics for Adjoint Optimization
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2) Li, Z., Xu, Q., Ye, X., Ren, B. and Liu, L.: DiffFR:
Differentiable SPH-Based Fluid-Rigid Coupling for Rigid
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1) Krajancich, B., Kellnhofer, P., & Wetzstein, G. (2023).
Towards attention—aware foveated rendering. ACM Transactions
on Graphics (TOG), 42(4), Article No. 77.
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