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Construction of a Diffuser-Plate and Thickness-Distribution Dataset
and Performance Evaluation of an Image-to-Image Translation Surrogate Model for Organic Film Deposition in OLED Lighting

Yuta YAMAGUCHI, Takaaki MIURA, Masashi NISHIYAMA

In this paper, we construct a dataset consisting of paired diffuser-plate images and thickness-distribution images, and
evaluate the computational cost and prediction accuracy of an image-to-image translation surrogate model that directly pre-
dicts thickness-distribution images from diffuser-plate drawings. In conventional fluid simulation, computing thickness-
distribution images from diffuser-plate drawings entails a substantial computational cost. The proposed image-to-image
translation surrogate model significantly reduces the computational cost of predicting thickness-distribution images by em-
ploying a deep learning-based image-to-image translation method, compared with fluid simulation. Experimental results
showed that predicting a single thickness-distribution image required an average of 3.3 hours with fluid simulation, whereas
the proposed image-to-image translation surrogate model required an average of 122.0 milliseconds. In the image-to-image
translation surrogate model, experimental results confirmed that Pix2Pix, which is one of the image-to-image translation
techniques, achieved smaller errors relative to fluid simulation than the other evaluated methods.

Key words: Image-to-image translation techniques, Surrogate model, Diffuser plate, Thickness distribution, Organic
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Fig. 2 Overview of fluid model

Table 1 Computational cost of each process in the fluid simulation
(minutes)

Sample | Process A | Process B | Process C Total
1 2.3%x 10| 1.8 x 10! | 1.2 x 102 | 1.6 x 10?
2 1.7 x 10' | 1.5 x 10* | 1.8 x 102 | 2.1 x 102
3 3.2x 10 | 1.8 x 10! | 2.4 x 102 | 2.9 x 10?
4 2.1x 10| 1.6 x 10' | 1.6 x 102 | 2.0 x 10?
5 1.9 x 10' [ 1.6 x 10* | 1.1 x 102 | 1.4 x 102
Average | 2.2 x 10" | 1.6 x 10' | 1.6 x 10? | 2.0 x 10?
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Fig. 3 Example of design patterns for diffuser-plate images
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Fig. 5 Examples of paired diffuser-plate images and thickness-distribution images in the dataset
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Fig. 6 Process of image-to-image translation surrogate model

R % KIEICHIR S 2 Z 2 2005
43 BEGEHRFEEYOTS— FETIAABERTIEONS
A —ZERE
EGEEREY S — M EFATIE, BT 2 EGERTEIC
Ko THEESMEBROTHRBEIKELELZ L HEINS.

AT, FTEHRORE DS, ZDRT &3 BEESTHE SR
ETRT 27912, BHFOBEBRERFIED T X — X —H%
HLTHALE. ZOMD 5 X — X EBETMITHE VTR E
L7z, BEXBRCEBDIED - 7285 X —ZIZOWTIE, A
V—Ra— FTHEHINATWEREZHW. M FTIE, GAN
N—ZADEGERFIEOREICOVTIHANS.

s Pix2Pix 'O AN ¥ WA E{R L 23RT7TH B & ZHi
B LT, #5—HEH&E»OHT—EGREERT2TETDH
3. RHMX TR ANEGRHNEBRDOF v 2 %E 112
IR L, L1 BROFEEE 1 2 LT, HEEHEY s —
EFIVICHEA L.

* Bicycle GAN 'V: ANHi{f e HHHE{RL HBR7THB &
ZEIHREY LT, BERY L EEROMNIGERE BF I
AT 2FETH 2. KL TIEANE SRS I HEGRD



F X AR 1V ICHIRL, BTEL o B EB 24K T 2
cLR-GAN D &% BRZEHY v s — M7 MEH L7
X5, BEFBOEDIZAR ) v ¥y I REA L.

 Cycle GAN '?: ANE{& HAOBEHR L BIERTTH S Z
YEAMEE LT, YA 7 A—EEELEHWTIIET 3
FETH 2. KX TERTHEGERTRE LTWS 9,
Image pool ZHESR LTIl Z ZEICS 5 Z & T, H{§EH:
Yusr— bETIOVISHEAH L.

* Dual GAN "9 A jilifg x TG 2 BSIERTTH B Z &
ZHi$E & LT, Dual learning ®FH A% W THIF T 2
FETH D, R TERTEBGEZRHRE LTW5729,
Ny F v ZVEHRL CIMEZEICT S Z 8T, H
BEHY v — b TIOVCEH L.

RiZ, DM RX—ZDEGEMTFEDOHIEIT DOV TIENS.

o Palette 'V: 4 XM{R ¥ AHEHR L % F v FVHANHES
U7z & W HEREAERT 2 FIETHS. AT
FASTES e HAETGRE OF v 2R LICHIRL, 38
BREBBT22DCHCEERE Y 1 BOA L LMK
THEHGEHEY s — ' TOLICHEH L.

« BBDM : 75 v UiEERRICES &, AESR X H S
LEBEEMIGHRL, FREEMOZEIKT 2 Fik
TH5. R TEANEGLHNEGRDF v xE% 1
WHIBR L, BEXRT PO E 4, X BTV
TEBES, a— N7y ¥4 X% 1024 £ LT, ERE
o s — FEFIOLICHEA L.

e 2SB'9: a2 L —F 4 VA —fEERICEo X, ANEKRY
HEBR Y OR7 2 5 EREOL L EIRST 2 FiLTH
3. RS TERANEGRRPHNERDOF v 2V E 112
HIR L, #1817 4 L ZE% 48, LD IAARTTIE 512
¥ LT, BEfREHEYasy — N ETUIEM L.

o DIffl2l '7: A J1 it A & Transformer THlIH U 7= &
ERHWT, HAOHEGBEERTZ2FIETHS. KX T
AFTERHDEROF v F VR 1ICHIRL, X512
Transformer DFFHE R Z BT 2 =D ICHBEY 1 X%
128x128 12V A4 X L. ¥/, fLBCREED ) 4 X& 8
Z1x1074 256 2x 1072 &Y L, H8RT vy 7
1% 1000 ¥ L7=.

44 BEREHEYO5— ETILEIRT IBORM

HE{REHY 05 — b EF R3S Hi Tl 72080 - RS
firF—Rty PRV L. BHREHRYes — 270
DT HIFGRE % 5§ % 72912, 5-fold cross validation %17 - 7=.
SHAR O KIHE & RS fER e D7 ¥ > 7L 1650 fd% 5D
DY Ty PAFEEBICHEI L. BTy PORTH
TEE 330 & L7=. 5-fold cross validation Tl%, RED&K
HICBWTZERZER 120 Tty b 2F A M I, 5
D 4 D&Y UV, EFLEIRT R0 HE
12 0.0002 TEEYL L7, RO Ry 7803 1000 & L7-.
RELBEE Y LT adam %38 L 7.

FHMifEFZ ¥ LT, Mean Squared Error (MSE) % fiW/=. 72
MY YT BWT, ERESRY s — b ETAEAVTTEH
ENFRESHREGRY, Tk I 2L —varyTHEHIRZE
ESfE Gy 2 L, MSE % 100 =R v ZHICHH L 7.
HHEh7 MSE 0T, HHEWEZEGERI oS — €

Table 2 Prediction accuracy comparison of image-to-image trans-
lation surrogate models
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Fig. 7 Comparison between the thickness-distribution image generated by the image-to-image translation surrogate model and those calculated by

fluid simulation
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Fig. 8 Comparison of thickness-distribution images predicted
by image-to-image translation surrogate models using
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Table 3 Computational cost of each process in the image-to-image
translation surrogate model (minutes)

Sample | Process A | Process B | Process C Total
1 0.0 0.0 1.1x107% | 1.1 x 1073
2 0.0 0.0 8.7x107*|8.7x 1071
3 0.0 0.0 1.1x1073|1.1x 1073
4 0.0 0.0 28 x107%|2.8x 1073
5 0.0 0.0 43 %1073 | 4.3x 1073
Average 0.0 0.0 2.0x107%|2.0x 1073
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Fig. 9 Prediction accuracy of image-to-image translation surrogate
model when reducing the number of training samples
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Fig. 10 Examples of diffuser-plate images and thickness-
distribution images under different geometric transforma-
tions

Table 4 Prediction accuracy of the image-to-image translation sur-
rogate model with Pix2Pix under different geometric trans-

formations
Aspect ratio Upsampling MSE |
Stretch Bilinear 109
Stretch Bicubic 118
Stretch Nearest neighbor 144
Preservation (Padding) | Bilinear 112
Preservation (Padding) | Bicubic 122
Preservation (Padding) | Nearest neighbor 166
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Fig. 11 Examples of pairs consisting of diffuser-plate images
and their corresponding thickness-distribution images,
where both the diffuser-plate images and the thickness-

distribution images are similar between (a) and (b), and
likewise similar between (c) and (d)
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Table 5 Prediction accuracy of the image-to-image translation sur-
rogate model when paired samples belonging to two of the
three design patterns, namely circular, grid, and radial, are
used for training and those belonging to the remaining de-

sign pattern are used for prediction

Training Prediction ‘ MSE |
Grid, Radial Circular 1008
Circular, Radial Grid 2194
Circular, Grid Radial 5658
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