creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

4 Apst9)

I
Mo

=9 gxZdole) g3t Ay 2L

$1 3t Symbolic Regression
71N 2dlE AT

?; ] %}

20265 02¢



3 gaZoly 43 53 B4

£ 3+ Symbolic Regression

97 AT

718k &2

12 €

2025 @

Ho
N2
—

ol
Ho

A}
HE
[l

-



o
Ho

b

&
o)

pURe)

o

al7
4

12 ¢

2025 d

il

Bl

A AL 9

za

AR




ZREEE

5 fxZdole 43 a3 B4
$) 3+ Symbolic Regression 7]HF 2dl®g A

Ew OLED Y 2Zd o](Transparent Organic Light Emitting Diode Display)
E3Ad3 Ay EHS FA 7HA L 9o gFgk oY AE Aoy XA], 2
NE 45 Asa& = g2 ol(HUD) )i &85 Ao, A= £

AR S7ER A8 250 dFe T A 230 wE €3 243 AF9
A

T3 71Ee] 43 EA49 A% A3 (linear) == A F(exponential) EHo] F
A

oy, olgid a2 dA <3} HolHol xgd oot vidd <3}

doleE gEstitt. €3t 24 St52 0-2,030 h 73ke] dlolB= AlgtsiH,
% dlolEolnt o] 34X A $ Symbolic Regression, A8, A4 2d& 77

ok =3k RANSAC, Z-score o g W wlwE T o &A AA B4

ME 7|Eo 2 FAr7E & 4o

_'i_
HE A ATOEZN o|AE a3FH O Z A ASH Y. Symbolic Regression2 &%+



[e)

=

<3}

=

.

o @b A

=

o7t 71 H9

=

£3] RANSAC - SR

F A UV 24 FE T
Fdom, Azkel o

=

o A ef o

i\

==
3|
=

AE Bt

A
T Ae 9% RdE AFAATFoEN L3 9

o
=
=4 A

)

=]
=
o

S

1
RANSAC - Symbolic Regressions 2d-g E3) 7]

L

) .

il

[
1l

AN

T 214 37t 7H&EE AT =3 RANSAC-SR

N

o

S|
~

i
W

b
ol
o

8% &

= 3

7}l

A=A

Aol B4 7

e

wK

14

9

Symbolic Regression

9

UV_, RANSAC

9

43}

FA I .



P PP
= D D P PP PP
B B A e
v - 127 EURIR oy = W ' .
1, AE e oy — RN
L1, AT e
12, d79ywe LU L N RN, elldndd M. L .0n N
1.2.1 UV 7}E ZAE B4 B . ietiaii it b bessne e ienieninnienienees
1.22 GOl AA Bl O] AFX] AT e
123 9= 24 7= . O % ...l 0. .
124 BB AN T o
2. 02 HIZA E AF F T s
2.1, OLED JH 8  ceeereenetnt
2.1.1 FTH OLED 7l Qe
2,12 ET OLED EF e
2.1.3 UV ZFEE ]Gt
2.2, G} FAD



2.3. Et—]a]{\_} : Symbolic Regression ............................................................ 12

2.4, O]AFR] AN : RANSAC «reeeeeeeersrmnmmmmmumeieeean i sineireaeeaeseae s e e neneaes 14
3. AL A A e 16
3.0, AT A A e 16
3.1.1 AT A HIF HPEH 17
3.0, TFEAIE] ceeeeeiee e e 20
321 7FE A JPR ceeeeernt it e 20
322 7FE A AA] e 20
323 7FEAHL B3 G3F AT Tl e, 21
4. A A D HOJEH B 23
41. 93 EA.4.00.0. % meees. .. ooummy b e f 23
411, Q3 B BP0l i 23
N I = I T 17 U 26
4.13. RANSAC H7F 2 A3} Tall A oo 30
4.14. N8 274 9 2do mE £ FFQl i 32
415 AZZAR FRNML A3} o2 AT FIF e 37
42, Z70] TWE QB TT} coreereereee e e 42
43. o)A AA L d3t 2o I HF FHIT e 45
B, A B 47

_iV_



=SB - I~ T T - T~ N < I - T -

k

w523}
3.1 AT ZEZ] e e e 19
4.1 HAZE =2 ANAHY HF A T 25
42 e W Bae @7 @ 32 HO[E BEE e 31
43 o|AA] AA WE MSE A3 AT coeerrii 32
44 Rawdata® Z+ AN @xA 2 93} medl A B2 34
4.5 Z-score & ZF AdxA 9 d3 R FA TS 35
4.6 RANSACS] ZF ANdxAd 9 d3f mdil £ T2 36
47 QRGO ZF X} o ZR] HITL ceeeerernvreeeeiiaiireeen e 38
4.8 Z-Score® O] AA oY 7+ ZAXQ} =] H|IL ceeeeeveeeeinns 39
49 Z-Score= o] A A TolEY ZF ZAX} =] H|IL ceeeeeerrreeeinns 40
410 G3F =0 TIEF MSE T T} cooeereeorinmeiiriee e 41
411 ZAE GG HF T EZTI oo 1



[

N

N

.

N

[

N

.

.

I

K

N

IHER
2 2] OLED A @ 5 coiiiiiiiiiiiiii e et e 6
B 22 EH T AT O] oo 8
YR = s 1o3 [t ) P 9
2] 24 UV 2 T2 A Qo] @2 B EA WE} i, 10
2 2.5 OLEDY A7t W2 Ao DFHSF F0] coovevvvieiiiiii, 11
¥ 2.6 Symbolic Regression Methods: A T2} LI F TFF coovveeereeeeeeee 13
2 2.7 RANSAC 3| A A8 B 7 BIIL cceveevrvmieniiiiiiiian 15
B 31 Al A B e 16
2 32 AF FPE G ZA O R] cerrerieiiiiie e e e 18
g 41 HZE Z2A ANAZRL AU FE G e 24
2 42 YEYOE9 RANSAC ZAA S i, 28
F 43 AEHO)E L Z-score FAHA S oo 29
& 4.4 RANSAC, Z-Score ©]7A] A FE] HIDL ceovvereevni, 32
F 45 AR FEIFE oo 42
H 4.6 Training MES FJ7F ceeeeeermemmemiii 45
2 4.7 Predicition MSE T 7 ceeerreentmttmtiiit it 46

_Vi_



LL 4753

w OLED(Transparent Organic Light Emitting Diode) tl~Z#olx= 1 &34 3
AH¢G EAES FAO FtE AW HaEHo] 7lEE, A" AtolyA], 2ut

E A5, A5aE d=q taFdEolHUD)®Y ofyet &% FAAAXR) EoF
AME w2 FFAS Adth Iy £ OLEDE o7 874 & A2dUV)el &
Y& Lo A7 =& A #77] EFSY 4hE ukE, 22 7= MY T 0
e 43 o] sk, o= sf = Ha, AHE W, F34E Ast 5 As
Ast7E debd o B3 By £ A5 9GA UVE s =213 2 354 k4
ol ZaEol MA| &zt AFAES At s o] AHFH s HuHa Aot

olggt AL sAsty] s UV A BEo] A& 9oy, ¥ OLED=

g Bl FA0 aFEHE 723 B4 i Ad 2 A4 &

Ao g e AFE i BEFI{1,3] £33 7E AFeE 93 AF¢FE o

stslr] 9l Ad3¥(inear) =+ A 4(exponential) Zd-S % -8-3) 4

=49 nAdFZ F2E FES] AWstA X3 FAVE AW, 4] olE R eet
2

7] g AR = re] A Bge Beds) oye B

5
r&



rr

e AVH5] Ruding 1938 olAbAAol 2840l Fadh 8 AzHdA

Adrgo] oy UMt mdung, IZto] osid 4 A= FH | s JHed

t

FH 848 #2485 AF EFto =83 A o] 7153 Symbolic Regressions 2l
A B Eo 7 Austgdth

B ATE og% WAL MaoR e A A B¢ dgsiart

- g3} 21 9 Azt mE g3t 54

- g3} tolge A FRE 98 oA AA AL D Az LA(RANSAC,
Z-score, d&)| W& H5 AE.

- Symbolic Regression(SR)2 &8sl mdld =& 9 7|Exdy SR wdo] 43}

ZA s mE HFE P}

—
N
2

73

i

&

B A7: =9 OLEDY] UV 9818 243 F o|E 7|Weg 51 mdye 3
Atk AT AAE JtE dsh AW, dolH A o]4x AA, HA =d P
 md A%E 9 93 B4 v gAR T,

1.21 UV 714 A 9 &4

I
o

% OLED A&l i UV =t F7E S8l AT H dxds 7S
Hom, 4.5kW A= ob= FEZE AHEste] Al =AHE70nm dHE 8.

i

o=
= a



FSA Tt

S

stod HoJHE FH

1.2.2 tlolg AA R o) FA AA

g0, of
Aol AE A5} wlolEe] AFHL T

FSA Tt

S|

X

(outlier)o]

=

oju

!

I Al b A

171 $13]

J

=

B o/

] AA 1)

)

..AO

+

- Y& tlolE(o]

- Z-score
- RANSAC

Wk RANSAC(Random Sample Consensus

&

=

80%:20%C. 2 ALz o

=
=

oltt. ®F dlolH]

o
~

)

o]

&t

As

Y
|

80% Z7AA d&dla, v A

ot

b1 9

A&

s,



123 d=& 29 7=

80%°] &< dlolelZ FW OLEDY Alte| w& d3t=

kA oA AA7} B
HE B A% ¥ B

zdgstgion, 2d FJriE Hs 71 dTolA AREEE
g3} Zro] Symbolic Regression 39 =d& F33l1 A%< B3t

e REE StES 98 0-2,030A1%t HelHE AMERoH, Stegd RdS o]
skl HF S AAEQ 2166/ S Aldor sk, ASE AS%S A
wate] 3} o F dse HrlskAn

2 mde] AL tgEd 2o
A& 3| (Linear Regression): A3t& Azl tidk L4 3 Felz &3
- A4 37 (Exponential Regression): &3}7} A|Zte] we} v AGH o2 V&= =

EAS A dFE %3
- Symbolic Regression(SR): A}z
a3} 249 Fxo AFE T

ey

= FdsA =271

99l 4y Were FYstdon, R Ao E

I
[
I
i

st



124 =49 4% B}

43l R AHAYALE AFHOE Hristr] s H AlF 2LXHMSE, Mean
Squared ErronE AH&3tAT MSEv SAHTH A3 1o A5 HAo= ALt
2do] & A3 AATTLS ou)ditt B AFA =

A&l MSE7} =& H| 1o

o
ox
ﬁ
Y
Y
lo
b
o
o
i)
£
B\
lo
~
o
b
i
o
AN
N
31‘,
N
H

4 AGE Asolu.
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2.1. OLED /M8

OLED(Organic Light Emitting Diode)= 7] SItE< o] &3 AHF tjxEF ol
712, AR7F A7HEE f§715 WelAl ARt AFol Adjdste FAE wES
ot O¥ 213 o] or,

74 T2 AF A R 54 9F= rIH.
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(a) Energy Efficiency (b)

Electronic skins and wearable

Robotics. and Biomedical devices
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Flat Panel displays

Color Purity
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Regression- |
based

Non linear

Genetic
Programming

y € Tfinal

expression tree

Regression |

- Expression Reinforcement | m(x|s,8)
Symbolic tree-based Learning policy
Methods | | Transformer ¥ = ¢nl

neural network ¢u(z, W), W) |

|
f Physics- i | Al- y =
. inspired Feynman | B, W)
1 J
[ | Mathematics- Symbolic k- y =
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2.4. O] AA : RANSAC
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73 2ol 343 WEe] EAsks €3} HolHME o4

2 FAstA, o)A AAT HFATE LA FE=EF ZAASAH. o]lF SRe A
bnj

g3tel AA Y F2 Folsb A3t 543} MSEe] MAE FFE ]

_14_



B T o 1 7 3 4

713 2.7 RANSAC 371} A9 37 nlw

_15_



3. AIE AA
3.1. Al A

£ OLED HZ#ole] UV I3 2 7 80 I3 A= & AFHoE H
7Vstz] 913l Uuv A BEo] F2HE A F(UV-Protected) @ YRE A F(Standard) 13
3.19F #Zo] FHlH

b) UV ZE 1
a8 3.1 Al A=
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3.1.1. AFE A 371 Y

B AT £ OLED H=EHolo 43t E4S AFH o= Hrlstr] 98|
3] =(Luminance)E T8 €3} AEE ARSI == OLEDY 33 &8 % A
AA8H AAHM, AHE T d3tE Q] 7P A Wslsle EAolnE d3t Bt
o UiE XBEE &EHL

AP AAE 92

fo

QAL A g3te] o] SYusE AT

il

- A4 4 ZZ(Red, Green, Blue, White)
- 97 2 27(100%, 80%)

=
- UV A& 3E& 2 &7 (UV-Protected, Standard)
UV 242 27 (On, Off)

A ZF 1370 AR AA 43T
SHate] £ AFe GHRE AT
UV ZAF 2712 [EC 60068-2-5 714& Frxste] HASATH AFe HSHAT
UV-A FZ(FA 34 370nm, PAZRE 60 Wm?)S ZASHLY, $2H e Jguto =
gt Y AE WolA Uv A 5o e tizTS F4sAT [15]
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¥ 31439 =4

A3 g7 +=%] AEHE UVZ 2o} ZAIE
White 100 1(UV film) On 12 Point
Red 100 1(UV film) On 12 Point
Green 100 1(UV film) On 12 Point
Blue 100 1(UV film) On 12 Point
White 80 1(UV film) On 12 Point
Red 80 1(UV film) On 12 Point
Green 80 1(UV film) On 12 Point
Blue 80 1(UV film) On 12 Point
White 100 2(Standard) On 12 Point
Red 100 2(Standard) On 12 Point
Green 100 2(Standard) On 12 Point
Blue 100 2(Standard) On 12 Point
White 80 2(Standard) On 12 Point
Red 80 2(Standard) On 12 Point
Green 80 2(Standard) On 12 Point
Blue 80 2(Standard) On 12 Point
White 100 1(UV film) Off 12 Point
Red 100 1(UV film) Off 12 Point
Green 100 1(UV film) Off 12 Point
Blue 100 1(UV film) Off 12 Point
White 80 1(UV film) Off 12 Point
Red 80 1(UV film) Off 12 Point
Green 80 1(UV film) Off 12 Point
Blue 80 1(UV film) Off 12 Point
White 100 2(Standard) Off 12 Point
Red 100 2(Standard) Off 12 Point
Green 100 2(Standard) Off 12 Point
Blue 100 2(Standard) Off 12 Point
White 80 2(Standard) Off 12 Point
Red 80 2(Standard) Off 12 Point
Green 80 2(Standard) Off 12 Point
Blue 80 2(Standard) Off 12 Point
A 384 Point
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3.2. 7IEAE

32.1. 715 A8 AL

He dst A5 F4E 5 v, 10]
THEANEE 7HE 2o mEl b (Temperature  Acceleration), % 7+H&%
(Humidity Acceleration), 337F4+(Light/UV Acceleration), 7]A% ®HbE 32 7}& 5o

2 PRIV, AP B2 net U5 = BPHoR AAA.

3.2.2. 715 AIE AA

4 2918 UV-A XA} 8] 3F(100%, 80%), 183l Aoz XAHsIATh A&+
§]
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Luminance (%)

e

Luminance Degradation (%)
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£ 41 2% 24 A4 B7 4 A=
Average
Initial Emission Uv Final Final
Number Sample Brightness Color Exposure | Measuring Relative
(%) Condition | Time (h) | Luminance
()

1 UV-Protected 100 Blue off 2166 81.90
1 UV-Protected 100 Blue on 2166 76.35
1 UV-Protected 100 Green off 2166 67.85
1 UV-Protected 100 Green on 2166 50.40
1 UV-Protected 100 Red off 2166 60.69
1 UV-Protected 100 Red on 2166 38.85
1 UV-Protected 100 White off 2166 95.95
1 UV-Protected 100 White on 2166 94.46
1 UV-Protected 80 Blue off 2166 91.24
1 UV-Protected 80 Blue on 2166 87.70
1 UV-Protected 80 Green off 2166 89.35
1 UV-Protected 80 Green on 2166 85.36
1 UV-Protected 80 Red off 2166 90.58
1 UV-Protected 80 Red on 2166 86.86
1 UV-Protected 80 White off 2166 98.19
1 UV-Protected 80 White on 2166 97.82
2 Standard 100 Blue off 2166 80.52
2 Standard 100 Blue on 2166 73.77
2 Standard 100 Green off 2166 60.88
2 Standard 100 Green on 2166 42.43
2 Standard 100 Red off 2166 50.63
2 Standard 100 Red on 2166 33.04
2 Standard 100 White off 2166 95.04
2 Standard 100 White on 2166 92.44
2 Standard 80 Blue off 2166 91.72
2 Standard 80 Blue on 2166 87.88
2 Standard 80 Green off 2166 89.12
2 Standard 80 Green on 2166 82.90
2 Standard 80 Red off 2166 88.84
2 Standard 80 Red on 2166 83.30
2 Standard 80 White off 2166 98.40
2 Standard 80 White on 2166 97.77
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4.1.2. o]%=x AA

B Ao A= RANSAC(Random Sample Consensus)®} Z-score, Y2 37}x
HE Hlaste] 2835kt

A71A xde HA SAHeIH, pnot o= 44 AA dHolye By £FHX
ojlt}. Z-scorex= T-do] st ALE mso] =ARE, HdEd E4bol Zks] U7
Wzl BATA, FAE Ee ol&qtde] EAstE AAE HelHAMNE A 7

Ay @tE o A2 ol dAE T2 F e TAE TR

B Aol = RANSACS &9 dlolEld &Aste A&t en, A5 tolHe=
A& dH=ZE FASAH. ol S5 DAAAE oA FFES HAstEAME, A
S @AM = AAl HolH Bx2E fFAste] Rl dnd e A Bt
sh7] figeltt. E=3k mdlle AJFAIZE 0AIZERE 2,030413E7kA]1 2] HolHE 7IEL
2 80%:20%°.2 AL &8 & 80% =oA gFstal, UHA 2dodA HSst
Rom, npAE 216641712 HolE & oS AREE Brietr] fa A3

A A 25 AAE €3} dolHe EAAS 1#ste &g 7319 force_

oot
S~

o

LT
3

o
]
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tlo

ottt 29 eug 247 4 AadolHd BA xdFon o

5 A0 N T8/} AT FAHES dAom, ot AFE e UF

B RANSAC 73 A] AH89 9 3gr]H
min_samples = 0.5: 27] =& FAo] AL AWM= v &
residual_threshold = 2: AAF "oy I& AAZ

random_state = 42: AIA FRE 93 A=

test_size = 0.2 : AA Holg = 20%= A=

o

(test set) o =2 AF-&.

force_k = 3: AAIE & 37] ZJE FA 2%

B Z-Score 7@ A AHEE F2 IEirE = g3 2o

1.5: 7] 2d FAo)| AHEE AZ nS

test_size = 0.2 : A HlolE F 20%5 7 S5(test set) &2 AL&-
force k = 3: AJAIE Ut 37 EJNE ZHA E3+

random_state = 42: A FRE 93 A =3zk

z_thresh

A3 RANSAC2 428} Zo] FAE RPo 2 FFT F oS3 Ao
of o3 o] FAE A EE FAT WFo|l EAstE E3} HolHAAE FFH
2 oAAE A& 4+ Yu}. wkH Z-scorew= 18 4.39F o] Hy EHA F
of MIZketA o|Estr® ANALZ Wyl 2 dolEoAe oA B BAVE |

ol o4z Wel Belsiy.
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RANSAC Outlier Removal (Page 1/2)
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ZSCORE Outlier Removal (Page 1/2)
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4.1.3. RANSAC H7} 92 &3} =d AA

Symbolic Regression 73 ll&= PySR(Python Symbolic Regression) }o] B# 2] & A}
g3t on, Fa JSer = e 2

- niterations = 500: 13} ®WHE- 314

- populations = 30: ¥E /NAT

- binary operators = ["+", "-", "' "/"]. o] g} ALEA}
- unary operators = ["exp", "log", "sqrt"]: @& Ak}
- maxsize = 10: o 24 3=

- loss = "loss(x, y) = (x - y)"2": MSE &A%k

- model selection = "best"

- random_state = 42

St HolElE= 0-2,030 h ZFoll Al Train/Validation(80:20) 0.2 R &3l on, »
g A&-L Validation MSE7} &7} HE 48 7|02 Fdsgn. o F AdH
2d& o] &3d) ThsFol AFESHA %2 2,166 h A/FES T o= FHo= HAHsy

Azgate] exe vmaATh SR RuolA =28 F40 9 Wil A =

o
Lo
ol

S, Z= WHNAE maxsize=10 oA HFAFFS WA AT RANSACH
Z-score, Rawdata®] 3719 tl3ll Symbolic Regressions #-83F A3} F 429 o]
A o BT BT (Complexity)s= ¢ 5 F2 08 FAH UETh ol HA g
gajo] mele} 4 F2E GEIAYIA @S vk EI RANSACS =
oA AA A olEATE g Bol AAHJAT Z-Scorest F Aol7t gle A

sk

o

_30_



¥ 42 29 BEJ{=E HA4 9 5 ol BHEE
o]z AA T B3 B StgHolE] REE B | oA AAE BE
Rawdata 4.88 1.000 0.0000
Z-Score 4.88 0.9877 0.0123
RANSAC 4.91 0.9872 0.0128

Ot MSE &4 0lA= A2 WRlel wg a7t ¥as FEENT. & 439

3 4.3 oA A A wE MSE 23

Train dlo]g 7|5t 244
o] Fx] AA . . )
A28 R S8 SR ﬁE&MISE 4% MSE B#X|
18 MSE % #X] MSE #7#3)
Rawdata 6.67 3.64 6.68 7.65
7Z-Score 6.68 3.60 6.70 7.66
RANSAC 6.51 3.40 6.69 7.71
glst 4y

Z-score®] 745 o|AX AAE oF 1.2 % F3AsH o}, SR MSEE

A dolElst A9l oI} g H
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JNEQS Yehdth
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H
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o] 3 Bgd AP =& T AOoE ATGHAY. wetA Symbolic Regression 7]%E
o] HlAY 37 mdlo] o] X A A4 RANSACe| 7H4 -3 o= HriHch

114 A9 24 2 2do] B2 54

Ztzhe] #2s =EATH E 44, F 45, & 4060 o)A AHE(EE, RANSAC,
Z-score)oll ™2} Symbolic Regression(SR), A&, A A F21& At ATt
BEE 29 AL AZte] mE d3tE E4E + e 4
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Zz7

SR &3} 2

A¥ d3tmdy

A E3 2

1_UV-Protected_100_B_off

99.5902 + t*(-0.0075862887)

y = -0.007587 * t + 99.590456

y = exp(-0.000083 * t + 4.602856)

1_UV-Protected_100_B_on

99.37868 - 0.009618304*t

y = -0.009618 * t + 99.378671

y = exp(-0.000108 * t + 4.602011)

1_UV-Protected_100_G_off

99.876236 + t*(-0.012778154)

y = -0.012778 * t + 99.876248

y = exp(-0.000148 * t + 4610348)

1_UV-Protected_100_G_on

100.833496 + t*(-0.018921105)

y = -0.018921 * t + 100.833422

y = exp(-0.000240 * t + 4.632128)

1_UV-Protected_100_R_off

sqrt(2242.8735 - t) + 51.915363

y = -0.015428 * t + 101.051577

1_UV-Protected_100_R_on

102427635 - 0.024292456*t

y = -0.024292 * t + 102.428060

1_UV-Protected_100_W_off

100.28125 + t*(-0.0016450898)

y = -0.001645 * t + 100.281529

1_UV-Protected_100_W_on

10043722 + t*(-0.0023164477)

y = -0.002316 * t + 100437210

1_UV-Protected_80_B_off

99.86478 + t*(-0.0035258753)

y = -0.003526 * t + 99.864775

1_UV-Protected_80_B_on

sqrt(10005.546 - t)

y = -0.005007 * t + 99.851883

1_UV-Protected_80_G_off

*(-0.00421593) - 1*(-99.98348)

y = -0.004216 * t + 99.983591

1_UV-Protected_80_G_on

sqrt(9907.281 - 1)

y = -0.005780 * t + 100.075113

y = exp(-0.000184 * t + 4,626440)
y = exp(-0.000332 * t + 4.664326)
y = exp(-0.000017 * t + 4,608048)
y = exp(-0.000024 * t + 4.609679)
y = exp(-0.000037 * t + 4604159)
y = exp(-0.000053 * t + 4.604470)
y = exp(-0.000044 * t + 4.605542)
y = exp(-0.000061 * t + 4607057)

1_UV-Protected_80_R_off

100493164 + t*(-0.0040318896)

y = -0.004034 * t + 100.497116

y = exp(-0.000042 * t + 4610666)

1_UV-Protected_80_R_on

sqrt(10081.891 - 1)

y = -0.005421 * t + 100.650539

exp(-0.000057 * t + 4.612708)

<
[0

1_UV-Protected_80_W_off

100.53647 - 0.00081834977*t

y = -0.000818 * t + 100.536472

y = exp(-0.000008 * t + 4.610523)

1_UV-Protected_80_W_on

100.66226 + t*(-0.00091137)

y = -0.000911 * t + 100.662255

y = exp(-0.000009 * t + 4.611752)

2_Standard_100_B_off

99.98071 - 0.007983306*t

y = -0.007983 * t + 99.980730

y = exp(-0.000087 * t + 4.606857)

2_Standard_100_B_on 100.25 + t*(-0.010564927) y = -0.010724 * t + 100.433100 y = exp(-0.000120 * t + 4.613642)
2_Standard_100_G_off 100.80853 - 0.014971764*t y = -0.014972 * t + 100.808699 y = exp(-0.000178 * t + 4.622718)
2_Standard_100_G_on 102142204 + t*(-0.02348185) y = -0.023482 * t + 102.142065 y = exp(-0.000317 * t + 4.658345)
2_Standard_100_R_off 101.196175 + t*(-0.018380111) y = -0.018380 * t + 101.196163 y = exp(-0.000231 * t + 4.634046)
2_Standard_100_R_on 102356445 + t*(-0.02843361) y = -0.028434 * t + 102.356477 y = exp(-0.000417 * t + 4.679976)

2_Standard_100_W_off

%(-0.0019308815) - 1%(-100.29864)

y = -0.001931 * t + 100.298638

y = exp(-0.000020 * t + 4.608162)

2_Standard_100_W_on

100.65852 + t*(-0.002958546)

y = -0.002959 * t + 100.658496

y = exp(-0.000030 * t + 4611952)

2_Standard_80_B_off

100.58956 - 0.0034033547*t

y = -0.003403 * t + 100.589575

y = exp(-0.000035 * t + 4611268)

2_Standard_80_B_on

sqrt(10136.813 - 1)

y = -0.005027 * t + 100.560326

y = exp(-0.000053 * t + 4.611430)

2_Standard_80_G_off

sqrt(10255.826 - 1)

y = -0.004390 * t + 100.568343

y = exp(-0.000046 * t + 4.611312)

2_Standard_80_G_on

100.92379 + t*(-0.0069966716)

y = -0.006997 * t + 100.923781

y = exp(-0.000075 * t + 4.616032)

2_Standard_80_R_off

sqrt(10224.675 - t)

y = -0.004301 * t + 100.321511

y = exp(-0.000045 * t + 4.608941)

2_Standard_80_R_on

sqrt(9914.305 - t)

y = -0.006549 * t + 100.849687

y = exp(-0.000070 * t + 4.615249)

2_Standard_80_W_off

99.805954 - 10.74279/(106.33058 - t)

y = -0.000615 * t + 100.536466

y = exp(-0.000006 * t + 4.610477)

2_Standard_80_W_on

100.76208 + t*(-0.0009923959)

y = -0.000992 * t + 100.761770

y = exp(-0.000010 * t + 4612739)

¥ 4.4 Rawdata®] Zt Al dx4d 9 43 mdy
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Z7

SR &3}z d

Ad d3tzdy

A% a8 md4

1_UV-Protected_100_B_off

99.5902 + t*(-0.0075862887)

y = -0.00758665 * t + 99.5905

y = exp(-8.2528e-05 * t + 4.60286)

1_UV-Protected_100_B_on

99.37868 - 0.009618304*t

y = -0.00961844 * t + 99.3787

= exp(-0.000107719 * t + 4.60201)

1_UV-Protected_100_G_off

99.876236 + t*(-0.012778154)

y = -0.0127782 * t + 99.8762

y = exp(-0.00014821 * t + 4.61035)

1_UV-Protected_100_G_on

100.833496 + t*(-0.018921105)

y = -0.0189211 * t + 100.833

y = exp(-0.000240242 * t + 4.63213)

1_UV-Protected_100_R_off

sqrt(2242.8735 - t) + 51.915363

y = -0.0154282 * t + 101.052

y = exp(-0.000184259 * t + 4.62644)

1_UV-Protected_100_R_on

102427635 - 0.024292456*

y = -0.0242924 * t + 102428

y = exp(-0.000331994 * t + 4.66433)

1_UV-Protected_100_W_off

100.23778 + t*(-0.0016113764)

y = -0.00161144 * t + 100.238

y = exp(-1.63438e-05 * t + 4.60761)

1_UV-Protected_100_W_on

100.33594 + t*(-0.0022567974)

y = -0.00225498 * t + 100332

y = exp(-2.30076e-05 * t + 4.60863)

1_UV-Protected_80_B_off

99.86478 + t*(-0.0035258753)

y = -0.00352588 * t + 99.8648

= exp(-3.66028e-05 * t + 4.60416)

1_UV-Protected_80_B_on

sqrt(10005.546 - 1)

y = -0.00500704 * t + 99.8519

y = exp(-5.29391e-05 * t + 4.60447)

1_UV-Protected_80_G_off

t%(-0.00421593) - 1%(-99.98348)

y = -0.00421609 * t + 99.9836

y = exp(-440653e-05 * t + 4.60554)

1_UV-Protected_80_G_on

sqrt(9907.281 - 1)

y = -0.00578003 * t + 100.075

y = exp(-6.14869e-05 * t + 4.60706)

1_UV-Protected_80_R_off

100493164 + t*(-0.0040318896)

y = -0.00403438 * t + 100497

y = exp(-4.19119-05 * t + 461067)

1_UV-Protected_80_R_on

sqrt(10081.891 - t)

y = -0.00542063 * t + 100.651

y = exp(-5.71555e-05 * t + 4.61271)

1_UV-Protected_80_W_off

10045472 + t*(-0.0007559876)

y = -0.000755971 * t + 100.455

y = exp(-7.5905e-06 * t + 4.60972)

1_UV-Protected_80_W_on

4(-0.00075390283) - 1*(-100.45692)

y = -0.000753858 * t + 100.457

y = exp(-7.57028e-06 * t + 4.60974)

2_Standard_100_B_off

99.98071 - 0.007983306*t

y = -0.00798327 * t + 99.9807

= exp(-8.69208e-05 * t + 4.60686)

2_Standard_100_B_on

100.25 + t*(-0.010564927)

y = -0.0107237 * t + 100433

y = exp(-0.000120399 * t + 4.61364)

2_Standard_100_G_off

100.80853 - 0.014971764*t

y = -0.0149718 * t + 100.809

y = exp(-0.000177645 * t + 4.62272)

2_Standard_100_G_on

102142204 + t*(-0.02348185)

y = -0.0234817 * t + 102.142

y = exp(-0.00031721 * t + 4.65835)

2_Standard_100_R_off

101.196175 + t*(-0.018380111)

y = -0.0183799 * t + 101.196

y = exp(-0.000230542 * t + 4.63405)

2_Standard_100_R_on

102.356445 + t*(-0.02843361)

y = -0.0284337 * t + 102.356

y = exp(-0.000416952 * t + 4.67998)

2_Standard_100_W_off

100.2913 - 0.0018951203*

y = -0.00189518 * t + 100.291

y = exp(-1.9243e-05 * t + 4.60809)

2_Standard_100_W_on

100.65852 + t*(-0.002958546)

y = -0.00295853 * t + 100.658

y = exp(-3.02832e-05 * t + 4.61195)

2_Standard_80_B_off

100.58956 - 0.0034033547*t

y = -0.00340349 * t + 100.59

y = exp(-349592e-05 * t + 461127)

2_Standard_80_B_on

sqrt(10136.813 - 1)

y = -0.00502671 * t + 100.56

y = exp(-5.2665e-05 * t + 461143)

2_Standard_80_G_off

sqrt(10255.826 - 1)

y = -0.00438972 * t + 100.568

y = exp(-4.56176e-05 * t + 4.61131)

2_Standard_80_G_on

100.92379 + t*(-0.0069966116)

y = -0.00699661 * t + 100.924

y = exp(-7.48882e-05 * t + 4.61603)

2_Standard_80_R_off

sqrt(10224.675 - 1)

y = -0.00430056 * t + 100322

y = exp(-448614e-05 * t + 4.60894)

2_Standard_80_R_on

sqrt(9914.305 - t)

y = -0.00654864 * t + 100.85

y = exp(-6.99801e-05 * t + 4.61525)

2_Standard_80_W_off

99.97652 + 9.01026/(t - 106.77205)

y = -0.00042481 * t + 100.507

y = exp(-4.23293e-06 * t + 4.61017)

2_Standard_80_W_on

100.73066 + t*(-0.0008284341)

y = -0.000828234 * t + 100.73

y = exp(-8.2995e-06 * t + 461242)

¥ 45 Z-score 9 ZF ANdxd % d3F mdd
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SR €3}lzd2

A% d3tzdy

A 43 24y

1_UV-Protected_100_B_off

99.5902 + t*(-0.0075862887)

y = -0007587 * t +

99.590456

y = exp(-0.000083 * t + 4.602856)

1_UV-Protected_100_B_on 99.37868 - 0.009618304*t y = -0.009618 * t + 99.378671 y = exp(-0.000108 * t + 4.602011)
1_UV-Protected_100_G_off 99.90332 + t*(-0.012906162) y = -0.012906 * t + 99.902552 y = exp(-0.000150 * t + 4.610704)
1_UV-Protected_100_G_on 100.86304 + t*(-0.019116396) y = -0.019114 * t + 100.859429 y = exp(-0.000243 * t + 4.632507)
1_UV-Protected_100_R_off sqrt(2242.8735 - t) + 51.915363 y = -0.015428 * t + 101.051577 y = exp(-0.000184 * t + 4.626440)
1_UV-Protected_100_R_on sqrt(10127.171 - 3.773414*) y = -0.024356 * t + 102.328838 y = exp(-0.000333 * t + 4.662152)
1_UV-Protected_100_W_off 100.28125 + t*(-0.0016450898) y = -0.001645 * t + 100.281529 y = exp(-0.000017 * t + 4.608048)
1_UV-Protected_100_W_on 100.33594 + t*(-0.0022567974) y = -0.002255 * t + 100.331626 y = exp(-0.000023 * t + 4.608631)
1_UV-Protected_80_B_off 99.86478 + t*(-0.0035258753) y = -0.003526 * t + 99.864775 y = exp(-0.000037 * t + 4.604159)
1_UV-Protected_80_B_on sqrt(10005.546 - t) y = -0.005007 * t + 99.851883 y = exp(-0.000053 * t + 4.604470)
1_UV-Protected_80_G_off t*(-0.00421593) - 1*(-99.98348) y = -0.004216 * t + 99.983591 y = exp(-0.000044 * t + 4.605542)
1_UV-Protected_80_G_on sqrt(9907.281 - t) y = -0.005780 * t + 100.075113 y = exp(-0.000061 * t + 4.607057)
1_UV-Protected_80_R_off 100.493164 + t*(-0.0040318896) y = -0.004034 * t + 100.497116 y = exp(-0.000042 * t + 4.610666)
1_UV-Protected_80_R_on sqrt(10081.891 - t) y = -0.005421 * t + 100.650539 y = exp(-0.000057 * t + 4.612708)
1_UV-Protected_80_W_off 100.53647 - 0.00081834977*t y = -0.000818 * t + 100.536472 y = exp(-0.000008 * t + 4.610523)
1_UV-Protected_80_W_on 100.56741 + t*(-0.00085606636) y = -0.000856 * t + 100.567308 y = exp(-0.000009 * t + 4.610827)
2_Standard_100_B_off 99.98071 - 0.007983306*t y = -0.007983 * t + 99.980730 y = exp(-0.000087 * t + 4.606857)
2_Standard_100_B_on 100.25 + t*(-0.010564927) y = -0.010724 * t + 100.433100 y = exp(-0.000120 * t + 4.613642)
2_Standard_100_G_off 100.80853 - 0.014971764*t y = -0.014972 * t + 100.808699 y = exp(-0.000178 * t + 4.622718)
2_Standard_100_G_on 102.16211 + t%(-0.023731321) y = -0.023730 * t + 102.159495 y = exp(-0.000322 * t + 4.657163)
2_Standard_100_R_off 101.19702 + t*(-0.018384097) y = -0.018382 * t + 101.196590 y = exp(-0.000231 * t + 4.634146)
2_Standard_100_R_on 10229622 + t*(-0.028692978) y = -0.028693 * t + 102.296214 y = exp(-0.000422 * t + 4.676116)
2_Standard_100_W_off t*(-0.0019308815) - 1*(-100.29864) y = -0.001931 * t + 100.298638 y = exp(-0.000020 * t + 4.608162)
2_Standard_100_W_on 100.65852 + t*(-0.002958546) y = -0.002959 * t + 100.658496 y = exp(-0.000030 * t + 4.611952)
2_Standard_80_B_off 100.58956 - 0.0034033547*t y = -0.003403 * t + 100.589575 y = exp(-0.000035 * t + 4.611268)
2_Standard_80_B_on sqrt(10136.813 - t) y = -0.005027 * t + 100.560326 y = exp(-0.000053 * t + 4.611430)
2_Standard_80_G_off sqrt(10255.826 - t) y = -0.004390 * t + 100.568343 y = exp(-0.000046 * t + 4.611312)
2_Standard_80_G_on 100.92379 + t*(-0.0069966116) y = -0.006997 * t + 100.923781 y = exp(-0.000075 * t + 4.616032)
2_Standard_80_R_off sqrt(10224.675 - t) y = -0.004301 * t + 100.321511 y = exp(-0.000045 * t + 4.608941)
2_Standard_80_R_on sqrt(9910.454 - t) y = -0.006553 * t + 100.832835 y = exp(-0.000070 * t + 4.615064)
2_Standard_80_W_off 99.805954 - 10.74279/(106.33058 - t) y = -0.000615 * t + 100.536466 y = exp(-0.000006 * t + 4.610477)
2_Standard_80_W_on 100.76208 + t*(-0.0009923959) y = -0.000992 * t + 100.761770 y = exp(-0.000010 * t + 4.612739)
¥ 4.6 RANSACO] Z ANdxA 9 g3 mdd 24 ==
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2,166A| 7k 2,166 2t
zA AA =7 A% 27|14 diHl 438
e g3l& SRzd A zd Asad
1_UV-Protected_100_B_off 81.90 83.16 83.16 83.35
1_UV-Protected_100_B_on 76.35 78.55 78.55 78.89
1_UV-Protected_100_G_off 67.85 72.20 72.20 72.95
1_UV-Protected_100_G_on 50.40 59.85 59.85 61.09
1_UV-Protected_100_R_off 60.69 60.68 67.63 68.57
1_UV-Protected_100_R_on 38.85 49.81 49.81 51.69
1_UV-Protected_100_W_off 95.95 96.72 96.72 96.66
1_UV-Protected_100_W_on 94.46 95.42 95.42 95.36
1_UV-Protected_80_B_off 91.24 92.23 92.23 92.21
1_UV-Protected_80_B_on 87.70 88.54 89.01 89.09
1_UV-Protected_80_G_off 89.35 90.85 90.85 90.94
1_UV-Protected_80_G_on 85.36 87.98 87.56 87.79
1_UV-Protected_80_R_off 90.58 91.76 91.76 91.81
1_UV-Protected_80_R_on 86.86 88.97 88.91 89.05
1_UV-Protected_80_W_off 98.19 98.76 98.76 98.81
1_UV-Protected_80_W_on 97.82 98.69 98.69 98.72
2_Standard_100_B_off 80.52 82.69 82.69 82.96
2_Standard_100_B_on 73.77 77.37 77.20 T77.77
2_Standard_100_G_off 60.88 68.38 68.38 69.21
2_Standard_100_G_on 42.43 51.28 51.28 53.08
2_Standard_100_R_off 50.63 61.38 61.39 62.41
2_Standard_100_R_on 33.04 40.77 40.77 43.67
2_Standard_100_W_off 95.04 96.12 96.12 96.05
2_Standard_100_W_on 92.44 94.25 94.25 94.35
2_Standard_80_B_off 91.72 93.22 93.22 93.27
2_Standard_80_B_on 87.88 89.28 89.67 89.71
2_Standard_80_G_off 89.12 89.94 91.06 91.07
2_Standard_80_G_on 82.90 85.77 85.77 85.93
2_Standard_80_R_off 88.84 89.77 91.01 91.06
2_Standard_80_R_on 83.30 88.02 86.66 86.80
2_Standard_80_W_off 98.40 99.81 99.20 99.23
2_Standard_80_W_on 97.77 98.61 98.61 98.60

F 47 dEH B 24 SAHA9} o FA] BlaL
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2,166A| 7k 2,166 2t
zA AA =7 A% 27|14 diHl 438
e g3l& SRzd A zd Asad
1_UV-Protected_100_B_off 81.90 83.16 83.16 83.44
1_UV-Protected_100_B_on 76.35 78.55 78.55 78.94
1_UV-Protected_100_G_off 67.85 72.20 72.20 72.92
1_UV-Protected_100_G_on 50.40 59.85 59.85 61.05
1_UV-Protected_100_R_off 60.69 60.68 67.63 68.53
1_UV-Protected_100_R_on 38.85 49.81 49.81 51.69
1_UV-Protected_100_W_off 95.95 96.75 96.75 96.76
1_UV-Protected_100_W_on 94.46 95.45 95.45 95.47
1_UV-Protected_80_B_off 91.24 92.23 92.23 92.28
1_UV-Protected_80_B_on 87.70 88.54 89.01 89.10
1_UV-Protected_80_G_off 89.35 90.85 90.85 90.93
1_UV-Protected_80_G_on 85.36 87.98 87.56 87.70
1_UV-Protected_80_R_off 90.58 91.76 91.76 91.83
1_UV-Protected_80_R_on 86.86 88.97 88.91 89.02
1_UV-Protected_80_W_off 98.19 98.82 98.82 98.82
1_UV-Protected_80_W_on 97.82 98.82 98.82 98.82
2_Standard_100_B_off 80.52 82.69 82.69 82.98
2_Standard_100_B_on 73.77 77.37 77.21 717.70
2_Standard_100_G_off 60.88 68.38 68.38 69.27
2_Standard_100_G_on 42.43 51.28 51.28 53.05
2_Standard_100_R_off 50.63 61.38 61.39 62.47
2_Standard_100_R_on 33.04 40.77 40.77 43.68
2_Standard_100_W_off 95.04 96.19 96.19 96.20
2_Standard_100_W_on 92.44 94.25 94.25 94.29
2_Standard_80_B_off 91.72 93.22 93.22 93.27
2_Standard_80_B_on 87.88 89.28 89.67 89.78
2_Standard_80_G_off 89.12 89.94 91.06 91.15
2_Standard_80_G_on 82.90 85.77 85.77 85.95
2_Standard_80_R_off 88.84 89.77 91.01 91.08
2_Standard_80_R_on 83.30 88.02 86.67 86.81
2_Standard_80_W_off 98.40 99.98 99.59 99.58
2_Standard_80_W_on 97.77 98.94 98.94 98.93

F 4.8 Z-Score= o33 A7 wloEle] 7 ZHA 9} o= W@
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2,166A| 7k 2,166 2t
zA AA =7 A% 27|14 diHl 438
e g3l& SRzd A zd Asad
1_UV-Protected_100_B_off 81.90 83.16 83.16 83.35
1_UV-Protected_100_B_on 76.35 78.55 78.55 78.89
1_UV-Protected_100_G_off 67.85 71.95 71.95 72.66
1_UV-Protected_100_G_on 50.40 59.46 59.46 60.71
1_UV-Protected_100_R_off 60.69 60.68 67.63 68.57
1_UV-Protected_100_R_on 38.85 44.20 49.57 51.46
1_UV-Protected_100_W_off 95.95 96.72 96.72 96.66
1_UV-Protected_100_W_on 94.46 95.45 95.45 95.47
1_UV-Protected_80_B_off 91.24 92.23 92.23 92.21
1_UV-Protected_80_B_on 87.70 88.54 89.01 89.09
1_UV-Protected_80_G_off 89.35 90.85 90.85 90.94
1_UV-Protected_80_G_on 85.36 87.98 87.56 87.79
1_UV-Protected_80_R_off 90.58 91.76 91.76 91.81
1_UV-Protected_80_R_on 86.86 88.97 88.91 89.05
1_UV-Protected_80_W_off 98.19 98.76 98.76 98.81
1_UV-Protected_80_W_on 97.82 98.71 98.71 98.63
2_Standard_100_B_off 80.52 82.69 82.69 82.96
2_Standard_100_B_on 73.77 77.37 77.20 77.77
2_Standard_100_G_off 60.88 68.38 68.38 69.21
2_Standard_100_G_on 42.43 50.76 50.76 52.44
2_Standard_100_R_off 50.63 61.38 61.38 62.41
2_Standard_100_R_on 33.04 40.15 40.15 43.04
2_Standard_100_W_off 95.04 96.12 96.12 96.05
2_Standard_100_W_on 92.44 94.25 94.25 94.35
2_Standard_80_B_off 91.72 93.22 93.22 93.27
2_Standard_80_B_on 87.88 89.28 89.67 89.71
2_Standard_80_G_off 89.12 89.94 91.06 91.07
2_Standard_80_G_on 82.90 85.77 85.77 85.93
2_Standard_80_R_off 88.84 89.77 91.01 91.06
2_Standard_80_R_on 83.30 83.00 86.64 86.79
2_Standard_80_W_off 98.40 99.81 99.20 99.23
2_Standard_80_W_on 97.77 98.61 98.61 98.60

F 4.9 Z-Score= o4 A7 wlolEle] 7 ZHA 9} o= W@
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T
o A3 2" H9A RANSAC Z7oA 19812 HAUHoE 2 Q&5 HoH,

Ag Bl BE 2H0A M & 2LA4E 7SS AT

#® 410 &3} A S i3k MSE #H7}F

ol AA 358 SR 2% MSE 2|43 MSE
1}y MSE 3+ %] H A X
HEdo]H 19.53 20.83 27.95
Z-Score 19.59 20.90 28.04
RANSAC 15.87 19.81 26.02

sola}

i

= AL FAsGTh o9k Le Bhe NE T T HFE(MSE)

.

© WY 24, B2 g3 S A5S B 7 Advke AHellA YTt Ak
B AFgAME o]Hs £4S F3] RANSAC 7|4 Symbolic Regression E2o] &3}
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4.2. 79 & g3} H7}

B HoAE A =3 RANSAC - SR €3} »d& o|&3te] Z+ Ao thsh

%1 7] a3 P-value

Z7] A
Factor Level N Q3le WF | =
UV-Protected 16 81.6 17.6
Sample Standard 16 83.0 16.0 0.646
Brioht 100% 16 72.6 18.6 Lole-6
rgntness 180% 16 92.0 45 e
Blue 8 85.6 6.0
Green 8 75.6 15.3
Color 1.29e-5
Red 8 70.6 21.6
White 8 97.3 2.0
off 16 85.5 13.0
UV Exposure 0.046
on 16 79.1 19.5

_42_




&
o
N
(9,1
rlr
>
__&‘
N
X
b
Ll
T
o
=Y
PR
o
fru
2
0%
A
j‘l"
b
L
e
Ko
K3
riu
of
ot
flo
N

Main Effects Plot for Predicted Luminance (2166hr)

95

%
85 R

.——/. \
80 /

70

Mean Predicted Luminance (%)

Standard UV-Prote8d 100%8Blue Green Red White off on
Sample Brightness Color UV Exposure

1% 45 JA FERE

AAE E3& HOlHE 7IEo2 F2 8109 FFEee B4 2%

)

rlr
0
dlo
_"L_l,

- UV 2AF Q85 A 21944 9F 6.4%p SolR . ol Aol AL Al #3)35)
2 dsiyt AstEo] syt TheE Ao s dEn

- FEO] WE Aol= oF 1.4%pel FAIZE Zolrto] YEbdT o= RIAF| {5
7h 2 A 2304 G oAl B3 UEE WERITh

- FI=E 100% 2ol °oF 194%p ¥ FAES BHAY 75 AR dEs 2d
7P A= 23004 A3yt vk | ZeR sdd.

ol

U APge 98heg AASE M 4%Y B 2902 Uehgth Whic: ¥

o E3E 973%=E THE =& FAES BN O H, Blue, Green, Red =02 A3}&



o] Zr43tAth 3] Rede 7FE 2 3+ 70.6%S UERATH

2~

=
K3

flo

%, WP FF WL AF Dol 1 2 JFE v

™
= 719 8l dEdt

, UV =&

+
N
o
of?
ot
r d
o
f
o
k1
f
ol
1<)
al
1o
]:o{r
_ﬂ

olZ|gk UV 7IQl €3} A4S =2 oAUAY Aol /7] EFF W 24 2
des AHHSoE HAH(Bond breaking)stAY, 3 4HSH(Photo-oxidation) WHE< -fr
of v &AL 223 AlE](Non-radiative recombination center)E FAJst7] WlE o= AT
ATH16]. UV ZA} §7] dlate] 8814 WMy S doA axe] 1% AY A4
=

A= AstE ZbEside Hagk b o, & Ao #FE F43% 27 A=

N
b

AA ol2f3 F3etd & wAYUZ 7RI e R EAHT

J8]3 7]1¥ OLED €3} #d A= BlueZt 7H &2 TS 2te Zo=
g dEA Arh[7] v B AF9 AR A= White’l 7HE £ FAES B
°]il Red’} 7F¢ 2& FA &S Hole 5 ¥4 OLED 7 x4 RiuHe ZEd
Tha doldt side] Yesth. o2k oj= F% OLED7F 7I<€ RGB OLEDS$t o
2 UET 748 2 AR 7S AHEste HAdA 43 wWAYUSFe tE2A FA%

ool AT e 874 Jute] J)E 8 A4 go] B AT e
E o

| 7bed Aew s

12
o
!
o

O

_44_



4.3. o) 3A AA B 43 =dd i HF B}

S 41N E I8 463 o] oA AA WA I3 md xge] tigh

o) FA AA Ae& vl o, 4280 O" 47 F ZFol g dF X

S Y233, RANSAC 7]HF o]/ A A<} Symbolic Regression(SR)S ZA &3 =
.]

AS st AP 208 d3ES AFH R BAS T

Training (0-2060hr) MSE Comparison

Model 765 766 77
SR (Train)

SR (val)

| =m Llnear 67

e Exponential

Mean Squared Error (MSE)

ZSCORE

1Y 4.6 Training MES 37}
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Prediction (2166hr) MSE Comparison

Madel 2795 2804
. SR

B Linear
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Mean Squared Error (MSE)
I

ZSCORE

19 4.7 Predicition MSE 37}
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ABSTRACT

Symbolic Regression - Based Modeling for Degradation Analysis of

Transparent Displays

Seong Yong, Lim
Department of Computer Engineerin

Incheon National University

Transparent Organic Light Emitting Diode (OLED) displays are utilized in various
fields, such as digital signage, smart windows, and automotive Head-Up Displays
(HUDs), due to their dual characteristics of high transmittance and self-emission. With
the increasing outdoor application of these displays, it has become crucial to analyze
degradation under ultraviolet (UV) conditions, which affect the films, and to ensure
product reliability. However, conventional degradation analysis has primarily relied on
linear or exponential models, which fail to sufficiently account for outliers and the
non-linear degradation characteristics inherent in actual data.

This study analyzes the impact of outliers in transparent OLED degradation data on
predictive performance and proposes a degradation analysis method that combines outlier
removal with non-linear regression. Experiments were conducted using a full factorial

design involving UV exposure, color, brightness, and UV-blocking films. A total of
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4,992 relative luminance data points were obtained from accelerated testing over 2,166
hours under 32 distinct conditions. Model training was restricted to the 0-2,030 h
interval. Symbolic Regression (SR), linear, and exponential models were constructed after
applying outlier removal exclusively to the training dataset. Furthermore, the study
analyzes differences in model performance based on the outlier removal method by
comparing RANSAC and Z-score preprocessing techniques.

Regarding outlier removal, the Z-score method failed to eliminate rapidly fluctuating
outliers due to its dependence on variance. In contrast, RANSAC effectively removed
outliers by identifying data points with large residuals based on the underlying trend.
Symbolic Regression generated models expressible as mathematical formulas within a
complexity range of 4 to 6. Notably, the model applying RANSAC-SR demonstrated
superior predictive performance, exhibiting the lowest prediction error at the final
measurement point, which was excluded from the training set.

Analysis of condition-specific characteristics using the derived degradation models
revealed that degradation was accelerated under UV irradiation and high-luminance
driving conditions. Additionally, it was confirmed that degradation analysis using the
RANSAC-SR model is feasible and yields statistically significant results.

This study presents a methodology to enhance degradation prediction accuracy by
overcoming the limitations of conventional outlier processing and non-linear modeling
through the RANSAC-Symbolic Regression model. This approach reconstructs
degradation data into a continuous model capable of time-dependent analysis. The
proposed method is expected to be applicable not only to transparent OLED displays
but also to the analysis and reliability evaluation of wvarious displays and materials

exhibiting degradation characteristics.
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