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Development of Self-Adaptive Meta-Heuristic Optimization
Algorithm: Self-Adaptive Vision Correction Algorithm
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Q % H AFoA 7dtE Self-Adaptive Vision Correction Algorithm (SAVCA)2 345H4 EAJS malsto] 7idte
Vision Correction Algorithm (VCA)Q] & 6709 wi7f & A7t 32 +£=5% Division Rate 1 (DR1) ¥
Division Rate 2 (DR2)E A3t Modulation Transfer Function Rate (MR), Astigmatic Rate (AR), Astigmatic
Factor (AF) ¥ Compression Factor (CF) § 4719 wi7/fdi4E WAGse] A4S SHAl7]7] A8 AAI= AT
M=l SAVCAS AZS 99l 7]1& VCAE F&E&stHd 27 H4E 2= 48 B4 (Six hump camel back &
Easton and fenton) ¥ 307§ W& zk= 48t 24 (Schwefel ¥ Hyper sphere)ol| &3t 23} SAVCAE: H| WSt

2 &338ZF (Harmony Search, Water Cycle Algorithm, VCA, Genetic Algorithms with Floating-point

representation, Shuffled Complex Evolution algorithm % Modified Shuffled Complex Evolution)ef 8|3} 9
o A5 S BoFnh npRete 2 F8 EAIQl Speed reducer designA%E SAVCAE 7P £2 A3E HoF
o BXSH gifEs 2EIFS AXA] G2 SAVCAE o7 Eopo|A &&o] 7153 Aot}

Abstract The Self-Adaptive Vision Correction Algorithm (SAVCA) developed in this study was suggested
for improving usability by modifying four parameters (Modulation Transfer Function Rate, Astigmatic
Rate, Astigmatic Factor and Compression Factor) except for Division Rate 1 and Division Rate 2 among
six parameters in Vision Correction Algorithm (VCA). For verification, SAVCA was applied to
two-dimensional mathematical benchmark functions (Six hump camel back / Easton and fenton) and
30-dimensional mathematical benchmark functions (Schwefel / Hyper sphere). It showed superior
performance to other algorithms (Harmony Search, Water Cycle Algorithm, VCA, Genetic Algorithms with
Floating-point representation, Shuffled Complex Evolution algorithm and Modified Shuffled Complex
Evolution). Finally, SAVCA showed the best results in the engineering problem (speed reducer design).
SAVCA, which has not been subjected to complicated parameter adjustment procedures, will be

applicable in various fields.
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Hel Ay MAS sy 22 2 245}
L FES Pohs A2 ot AR EAE didstk=
9] "g4=#o]ct [1]. Genetic Algorithm (GA), Ant Colony
Optimization (ACO), Particle Swarm Optimization
(PSO) ¥ Harmony Search (HS)¥} -2 t}orst wet
FeAE A} gaglEo] L= [2-5]. Fistere
IRl wet FHAs7IRE dEE, AR RRTIR
LuEE, EYsle7IRE ¢1EE 9 Ve gagE 52
=2 ?—,v_—o}‘ﬁ%‘ﬂ] Vision Correction Algorithm (VCA)
2 EYSR7IN gauEEe s ERd 4 AUt (1, 6l

SkARE 243} 7o) gAds (A= 7
A A5t darelEo] wiAfHS Aol
=0t mEhA] g2 AolA widE £4
PAHEE 2= o] APE et 51A]
o 243}t 71HE A8 o, H3gt viAH
T2 9 AR Yol EoNA v HARL A
Yzt Z-gZA 0l w2t 249 i 2
o] dastug ARHZJo| tha Hojxich of
g uiiRs A BAIE SiEst] fls) ot Fofell
A AEsE i/ HSEE AFEor AT £ Y= 7Y
(Self-adaptive approach)e] AP= A} [7-9].

W2 AAFEC] GA, ACO, PSO ¥ HS 53 22 ot
e vebraE HAS daEES JNEet] Ak
o 7H4] PHEES A-E5iith dEF g T Y
oA B2 AFE0] = e HSY A E A%
A Aol digk AT A" A7ES ATEE oy
It 2t}

Geem (2010)2 HS9] wfi7iis4=?] Harmony Memory
Considering Rate (HMCR)¥} Pitch Adjust Rate
(PAR)E i3] BEEAJAL A] AAHS9] Ji4HE As4d
A & 4= Q1= Parameter-Setting-Free Harmony Search
(PSF-H9)Z /NE5i9ion, old 7]& Harmony Search®]
o] g BhES B3t 4= SlE Operation
type memory (OTM)E AItstct [10]. ES Jiang
et al. (2013} PSF-HSOlA 24| 29ke Bandwith
(Bw) T3t A507 47 8t 4= Q= Almost-parameter-free
Harmony Search (APF-HS)E 7Histe] 7|&9
PSF-HSE &AIZAT [11]. Choi et al. (2017)2 T
A HZASE 8 Self-adaptive multi-objective
Harmony Search (SaMOHS)E 7Hdste] Arprag
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SHlAE TEstel gEa 4
SR Qo] e o
Hse] 4s7hgelet Esise.
B8 A8 549 A

Fe e A o %iaiﬁ}

20180 7idE 27] VCA= ot 3 A4 %
TAIA £2 275 EO% At [11. sHAI9E VCA

&3517] sixe " i) o] B2 Al
3} 2ol Wasieh. o2zt B ulEdE VCA)
84 Holmali= 2 aQlolsl AR Y| Fe
2 o e welog e o2t itk deba 2 o
FolAE 71 VCAS] dfas S 9ig w2
o, As-0F uf/fse] o] 713t Self- Adaptlve
Vision Correction Algorithm (SAVCA)E 7ies}3ict.
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2. VCA
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VCAE Al 3o A 2Kt vekfra] A X
3t dargjEely ‘:]'0"—1' AN 22 25 &
o} [1]. sHAIRF Y e &S FAd5k siEAREe] o
gt o5 A= 7&@ 517] wi7HgEo] ol 47
Agst7] ofgle ZAE 7KL Utk VCAE A5k
7452 Division Rate 1 (DR1), Division Rate
2 (DR2), MTF Rate (MR), Astigmatic Rate (AR),
Astigmatic Factor (AF) ¥ Compression Factor
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VCAE % 6719 WipasE 2aste] 22t Hye
QY 5 k. VCAS AT U 679 oS
% DR1 % DR2E 38 94 5 45208 445
w0 o] Fejrhs §A5HEOm SAVCAGIAL Lk
oA 49 AESES o A SustE
WS W BAE Bstel gho) wsle] W 9
P4 A9 o] 2 thEst Qsto] AREEA
3 go] B0 ZUEE AGsy, W] wE
A Aol FFol AL RS TGS 2ES

s,

3. SAVCA

7]& VCAE DR1 ¥ DR2E AJgt 471 (MR, CF,
AR % AP) wi7fHis=9] ¥iZte EAo] HastgA|,
SAVCAE ti7ii4=0] W7g=Zo] & CFoll disf A7} 283
78S A8oto] Ao HAAEHEE s13th. SAVCA
£ ABAE =ol7] 8l 712 VCAY 6779 w7
ZF N9 WHSE AL H3E B IHFoRE £
Sttt Table 12 & A7o)A AEA 7L SAVCA
9] mi7fRis AAHHS 71E VCASH H|wstoitt.

Table 1. Comparison for each operator in VCA and

SAVCA
Operators VCA SAVCA
DR1 Self-adaptive Self-adaptive
DR2 Self-adaptive Self-adaptive
MR 0~1 Default (0.1)
CF 0 ~ 100 Self-adaptive
AR 0~1 Default (0.1)
AF 0 ~ 180 Default (45)

Table 1914 MR, AR & AF 59| 2+2 Zulgho] 4+
fHog Z JFE v A KotEE 1ZFe = 45t
At} VCA € SAVCAE 45t Q= w74 3 CF
= 232 HEASFE FEoto] AXEEE kst
Aot 4+ 2gHE WEsAsE A8 olae 479
AHE= o E B4 VXA HEE 22WA] gt

O 2= ARl AelE AT = g7 mWEelth

A ELEes] Sish Bae MelE Wsln T
AAeE Zofe] Slat 2ol Wastng HrHel
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CFE AR&31th SAVCAA
7} 22 oz AxtE

W3 CFe o 21 (1)

A A stdlcks BRBS xel
avg(cls A% x9 Bolth 2 AFUSE W2
Agkeket e CRRLE 2 et 74 ol

$7 4733 SAVCAY OMEL of#fe] Table 29}
2t

—

Table 2. Pseudo code of SAVCA

Begin

Objective function f(x), x = (x1, x2, -, xd)T
Generate initial group of candidate glasses
Calculate fitness based on rank of objective value

While (¢ ¢ Max number of iterations)

If (DR1 < rand)

Choose an existing glasses according to the fitness
Else generate new glasses via randomization

If (DR2 < rand)

Generate new decision variables in positive direction

Else generate new decision variables in negative direction
Endif

If (0.1 ) rand)
Apply MTF with compression factor
Endif

If (0.1 ) rand)
Apply astigmatism
Endif

Evaluate the fitness of new solution by new decision variables
Replace new solution with current worst solution
Endif

Find the current best solution

Endwhile
End

B9 48t EAIL} T8 EA0] F-&stitt. daelE
of et J52 YutHog duEe] AL (Mean
solution, Best solution, Worst solution & Standard
deviation)® AAEE (Number
Evaluations)® Uepd 4 Qlth

of Function
Y@ (Mean
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Table 3. Specification of problems for comparison

(1]

Problems Optimal value Numb:;r;ili zcision
Six hump camel back -1.0316 2
Easton and fenton 1.7441 2
Schwefel 0 30
Hyper sphere 0 30
Speed reducer design 2994.47 7

A 20 W5 2= 58 Ao A-E51elth vl
ATeA= Botgk, 7P 22 3, 7P UE g 23
HEwxl 9 AAElS (NFEs: Number of funtion
evaluations, ©]3} NFEs)E T A|5}3itt. NFEs: HREE
Al4E 814 (Iteration)oll AlAPE Adske T M5
oo AAEL Six Hump Camel Back A= VCA
£ A&std FAlol ol 4 (2)2F Zrh

y 1 .
fla) =daf—21a) + ol +aw, — ) +daj

subject to —10<z, <10

—10<z, <10

@

241 (2)°llA x; & x-= Six Hump Camel Back &4
9] AAH<=o|t}. Table 4914+ SAVCAS] J&23&
HS, Water Cycle Algorithm (WCA) ¥ VCAS} v w5}
it (1.
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Table 4. Results for application of 2D mathematical
benchmark function (Six Hump Camel

Back) [1]
HS WCA VCA SAVCA
Mean - -1.0316 | -1.0316 | -1.0316
solution
Best -1.0316 | -1.0316 | -1.0316 | -1.0316
solution
Worst - -1.0316 | -1.0316 | -1.0316
solution
SD - 7.89E-10 | 0.00E+00 | 0.00E+00
NFEs 4,870 3,105 935 531

Six Hump Camel Back &A9] Z-&Z3}o4 HHA
HS, WCA, VCA ¥ SAVCA 2% &5l -1.0316%
2= AL E 5 ok sHAEE JHSR ekt 48
¥ NFEs& E¥ thg gaejEol Hls) SAVCAZF 7+
T2 FS Hoja ot o] Z3k= Six Hump Camel
Back ZA1°IA SAVCAZ} 7V £& 45 Yl 3l
o= AL 9u|gith SAVCAE #i2A| HH&2 8T
Ht ofug} wi7iH4e] A7 ES Bagly] wEe] A
F484 oA FHEUAAL & 5 QAo

T 8 270 WE 2 5 EA|Z A9H Easton
and Fenton ¥Al+= %A Six Hump Camel Back &
Aet v 2 VCAE A851d &Ao1H 4 (3)=
2t}

1+.7:§+ i }(1)
i (z,2,)* J1 10

—10<x, <10
—10 <1, <10

flx) —{12+x§ +
subject to

®)

4] (3)°llA x1 ¥ x,= Easton and Fenton &4
A7gHs=oltt. Table 5914 SAVCASl H843E
HS, WCA 9 VCAS} Hlmateict [11.

Eaton and Fenton A2 A-843tolA B HS,
WCA, VCA 2 SAVCA BF A9l 1.7441& =
As & 5 ok AN YR =gt A8%
NFEs& 29 thg garlgol vls) SAVCAZE 7 &
2 #& HojFa 9l o] Z3k= Eaton and Fenton
ZAOIA SAVCAT} 7P 2 65 ERlt= 2& 9
ugit},
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Table 5. Results for application of 2D mathematical
benchmark function (Easton and Fenton) [1]

Table 6. Results for application of 30D mathematical
benchmark function (Schwefel) [1]

HS WCA VCA SAVCA GAF | SCE-UA | MSCE VCA | savca
Mean Mean - -
ol . 17441 1.7441 17441 ol | 54348 8042.6031| 15508 | 3.81E-04 | 3.81E-04
Best 17441 | 17441 | 17441 | 17441 Best 8 4419| 01072 | 3.818-04 | 3.818-04
solution : . : : solution 3987.9 |7394.4199 .107 3.81E- 3.81E-
Worst

solution - L7440 17441 17441 Worst | 62106 |8594.3853| 6.1420 | 3.81E-04 | 3.81E-04

solution

SP ) 1.96E-06 | 0.00E+00 | 0.00E+00 D 5523 | 2285129 | 1.4026 | 0.00E+00 | 0.00E+00
NFEs 800 650 328 189 NFEs | 120,000 | 120,000 | 120,000 | 120,000 | 120,000

FYH O 2 W4 2k 55t BA] 2 83te]

SAVCAZ} 7P #i2A] | ZeiE 2= A2 SIS 4= 3l
At F7HAQL 5 AR 3070 BSE 2= S5t &

Eoll A-8s1tt. 3070 W4E 2= 45 BAES FA
Agotd 27 W4E ZHe 5t BAIEOIAY tEA
TR AAER 24 120,0009] NFEsE 7|&02
sto] Asfof gt e A& Schwefel 24
= VCAE A&t 48 EAlol 4] (92 2t

N
f(z) =418.9820 x N— Y jw;sin (/[z,])

i=1

subject to —500 < z; <500,

i=1,--,30
@

Al (4olA] xA= Schwefel EAQ] AXAWHs=o|T}
Table 6914+ SAVCAS ZAHE&ZATE  Genetic
Algorithms with Floating-point representation
(GAF), Shuffled Complex Evolution algorithm
(SCE-UA), Modified Shuffled Complex Evolution
algorithm (MSCE) % VCA%} ¥ w35t [1].

Schwefel 42| 2-8-2 oA HH GAF, SCE-UA,
MSCE, VCA ¥ SAVCA X5 A5l 0°f =gskA] &
3tal ek SRR VCA 2 SAVCAOIA 71 23et g
Ql 381E-045 ¥& A& & & Utk o] A=
Schwefel EA|4 VCA ¥ SAVCA7} £2 45
Aok AS Yt
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& A 3078 HEE 2he 58 EA|IZ A9E Hyper
Sphere BAl= A Schwefel EA|2F WA E VCA
£ FE5t9d EAlolH 4] (5)2F 2t

N

fla)=Ya}

i=1

subject to —5.12<gx; <5.12,

i=1,",30
®)

21 (5)°llA x= Hyper Sphere £4|2] A% Zo|t}.
Table 7914 SAVCAS] #8A3E GAF, SCE-UA,
MSCE ¥ VCAS} Blustet [1].

Table 7. Results for application of 30D mathematical
benchmark function (Hyper Sphere) [1]

GAF SCE-UA MSCE VCA SAVCA

Mean
solution

4.83E-05 | 5.92E-12 | 0.00E+00 | 0.00E+00 | 0.00E+00

Best
solution

9.56E-11 | 3.48E-16 | 0.00E+00 | 0.00E+00 | 0.00E+00

Worst

. 2.29E-04
solution

5.97E-11 | 0.00E+00 | 0.00E+00 | 0.00E+00

SD 4.29E-05 |1.212E-11{ 0.00E+00 | 0.00E+00 | 0.00E+00
NFEs | 120,000 | 120,000 | 120,000

120,000 | 120,000

Hyper Sphere £A419] &4 3olA ¥ GAF ¥
SCE-UAZ A|€J3t MSCE, VCA @ SAVCA©IA Azt
Ql 0= Hoj31l 9t} o] Z3k= Hyper Sphere A0
Al MSCE, VCA ¥ SAVCA7} £2 45 Edck= A
< 9ujgitt.
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FAHer 307 Mg 2 e EA4l0 #8310
AIZ GAF, SCE-UA, MSCE @ VCA9] Zx}e} v]w3}
g2 o VCA 9 SAVCAZ} B&slA HAZS = A
< RIS & USie v g AR F3t ZA VM
AZS Y3 A-&3t Speed reducer design EAl=
67} Zrt.

Min f(x)= 0.7854x,23(3.333323 + 14.9334x,
—43.0934) — 1.508z, (22 +22)
+ 74777 (2 +23)
+0.7854 (w g +2522)

subject to
27
gl(ac) = 3 —-1<0
T THT
397.5
gg(x) = 3 —1<0
T THTy
1.93z3
g3 (z)= ! —1<0
ToT4Ty
193z}
94(«1') = 1 > =
ToT7Ty
(745 (z,/zy,4))? +16.9 x 10°]1/2
gs5(x) = - -1<0
1102
(745 (25 /wyw,y) )% +157.5 x 1072
96(x) = 3 ~1<0
85z
ToTy
g7(:c)= 10 —-1<0
5T,
r)= -1
gg(r) z 0
T, 1.5z +1.9
= — <
99(1') 12$2 1< Oglo(x) 2z 1<0
L1z, +1.9
i =T
where

26 <z, <36, 0.7< 1z, <08, 17< x4 < 28,
73 <z, <83, 7.3<um, <83, 29 <z, <39,
50<z, <55

©)

A (6)NA x1, x2 X3 X4 X5 X6 H x/= Speed
reducer design EA2] ZAF¥Hsroltt. Table 84+
SAVCAS] HE&AME Particle Swarm Optimization
with Differential Evolution (PSO-DE), Mine Blast
Algorithm (MBA) ¥ VCAS} v]wstt [1]

319

Table 8. Results for application of engineering
function (Speed reducer design) [1]

PSO-DE MBA VCA SAVCA
Mean | 9006482 | 2096690 | 2994673 | 2994567
solution
Best
L 2006348 | 2994.482 | 2994475 | 2994.472
solution
Worst | 5996348 | 2996769 | 2995515 | 2995339
solution
D | 6.40E-06 1.56 265E-01 | 1.50E-01
NFEs | 54456 6,300 50,000 50,000

Speed reducer design #4112 A-&Z3}oA HH
SAVCA9IA 7F E& 3] 2994.472F B ek
BEgont 1 U GolAE Hlud e 2neEs
of Hlg F2 852 HoFA o} o] A= 55 &

A B9t op 2t -Z5t —Cv'—xﬂ 9l Speed reducer design &
Ao M= SAVCA7} £2 452 ERltk= AL oufgich

4. 22

2 AFollAE 71E0f AEE VCASY] Tl g2 1
s A749] EAIE 7l4ds7] flste] SAVCAE i
SIRTE. SAVCAQ] /W2 7]& Aol 2 452 2
oJFJE VCAE ARESIIAL Sl RS 9 QIAY o]
Eol Aol gA A8 5 AA sk AAsh A= Uk

SAVCA= 71E o7119] w7l & 27| A=
TF4=o] 9= DR1 ¥ DR2E A9Igt 471 (MR, CF,
AR 9 APE A} A8y £ 114FPo T SAsko] AF
|72 =o1A sieitt 7] e VCA©] BIsiA tef
o =k =A 270 W4 2 3070 W S5 2A) H
g ZAoIA ARt og £2 *J—EL Holg3e=
gon HLE e gnelFEe] He £ 4
Hoj3gl
SAVCAS] ke VCAS] 53L 91t 240] 2
Zolm] TRkt 4 AT} olo}d 4 Stk 7hed mE
2% 79 98 67he] WSS Eshe Tgo] o
T % gom By MRS Btk Tyt F
o SAlo] A4 Aol Hol WetFel g Liel
Z9| Hgo| 7k Ao e

A
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