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Development of the new meta-heuristic optimization algorithm inspired
by a vision correction procedure: Vision Correction Algorithm
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Abstract In this study, a new meta-heuristic optimization algorithm, Vision Correction Algorithm (VCA), designed
according to the optical properties of glasses was developed. The VCA is a technique applying optometry and vision
correction procedure to optimization algorithm through the process of myopic/hyperopic correction-brightness
adjustment-compression enforcement-astigmatism adjustment. The proposed VCA unlike the conventional meta-heuristic
algorithm is an automatically adjusting global/local search rate and global search direction based on accumulated
optimization results. The proposed algorithm was applied to the representative optimization problem (mathematical and
engineering problem) and results of the application are compared with that of the present algorithms.
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Fig. 3. Flow chart of Vision Correction Algorithm
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Table 1. Definition of parameters in VCA
.. R
Parameters Definition ( Generaalllgjal ue)
Probability rate of .
DR1 alobal search Self-adaptive
Probability rate of
DR2 positive search in global Self-adaptive
search phase
MR Probability rate of MTF 0~ 1
process (0.3)
CF Searching range in MTF 0 ~ 100
process (10)
Probability rate of
AR astigmatic process 0~1
according to astigmatic (0.1)
angle
AF Integer value of 0 ~ 180
astigmatic angle (45)
BE AYNFES 47 94 AFE F R
division rateS 7FAA H® 2+ AAWHFE9] division

rate <= Th9] Table 29} 2T}, Table 2414 Hi= v}
o} Zo] 7ol AARG+= A2 THE DRy, DR #&
2 B ol AT SR A Y] v Ent ofu et
Ao A o] gAakako] 247] T2 A A E& Kol
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Table 2. Application of division rate for local and global search

Fitness X X X X4 Xs
Rank (division ratel, (division ratel, (division ratel, (division ratel, (division ratel,
division rate2) division rate2) division rate2) division rate2) division rate2)
1 0.3425 0.2245 0.4471 0.5843 0.2679
(0.10, 0.50) (0.11, 0.48) (0.09, 0.47) (0.12, 0.53) (0.10, 0.50)
) 0.3427 0.2251 0.4466 0.5841 0.2657
(0.11, 0.47) (0.15, 0.35) (0.11, 0.45) (0.10, 0.55) (0.12, 0.54)
3 0.3421 0.2250 0.4468 0.5845 0.2668
(0.14, 0.43) (0.14, 0.39) (0.10, 0.48) (0.12, 0.51) (0.13, 0.51)
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Fig. 6. Schematic of making division rate in 4D
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=

HAIE Este] VCAl A&H 212 9 Eq. (2)
o} 2}

sx(1,5) =sx(1,5) X {1+rand(—1,1) X sin’0 }

sz(1,7): new decision variables

rand(—1,1) : random number between —1 and 1

0 : astigmatic angle

Table 3. Specification of benchmark functions

Benchmark problems O\}/)Sr;al Numbj;r;il(izcision
Six hump camel back -1.031628 2
Easton and fenton 1.74 2
Schwefel 0 30
Hyper sphere 0 30
Speed reducer design 2994.47 7
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S AEAE Aden rpe Axd @ 4 o,
R I 27H°] oA WAk Aol A
Bk A48 dare]52 HS, WCAS©] 3tk ofefe
Eq. (3)< Six Hump Camel Back function®]iL Table 4
M= -84 3E Hlaste] Hlth
1
Min f(z)=42?—2.1z}+ gx? +x,x, —4al + 4z
subject to —10<z, <10
~10 <z, <10
©)

Table 4. Comparison of solutions for Application of
2D benchmark function(Six Hump Camel

Back)[11]
HS WCA VCA
Sgﬁa‘;‘n - -1.0316 -1.0316
Best solution -1.0316 -1.0316 -1.0316
Sg;iztn ; -1.0316 -1.0316
SD - 7.89E-10 0.00E+00
NFEs 4,870 3,105 935
4447915 A9 RY HS, WCA, VCA B 7M ¥
2 Zk(best solution)> L3It} kA5 HS 724 7}
7 U Zhworst solution), ¥ Z(mean solution) 52
A7} §lom, NEFs#tie WCA, VCA] nlsl] A= o
22 A& 30 § 9tk WCA] A A A¥ BF

VCAS} TdatA| vt
AFEH WCAo| A2
A zol7t Y A&
off H|3| oF 3u) o]
#Hs 2ed g g
9] Eq. (4)& Easton and Fenton function©]
A ALAFHE HlaLste] Hokrt

=¥ (standard deviation, SD)=
XojAFnrt WA}
4 9tk ®3 NFEs#te] VCA
#4

_ﬂ].‘— 71— =]

L

R

1+ iz 1
Min f(x){12+x§+—22+ L 24}(_)
Ty (z,7,) 10
subject to —10<z, <10 o
—-10<x, <10
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Table 5. Comparison of solutions for Application of

2D benchmark function(Easton and Fenton)[11]

Table 6. Comparison of solutions for Application of
30D benchmark function(Schwefel)[11]

1S WCA VCA GAF SCE-UA MSCE VCA
Mean l\fef.m 54348 | 8042.6031 | 15598 | 3.81E-04
) 1.7441 1.7441 solution
solution Best
e | 39879 | 73944190 | 01072 | 38IE-04
Best solution 1.7441 1.7441 1.7441
SX‘I’:‘S;H 6219.6 | 85943853 | 6.1420 3.81E-04
Worst 1.7441 1.7441
solution SD 5523 228.5129 1.4026 | 0.00E+00
D | 96506 0.00E+00 NFEs 120,000 | 120,000 120,000 | 120,000
NFEs 800 650 328 _
g A3E A VCAS A|9)3 GAF, SCE-UA,
MSCE E5F HAzks 24 &3k9th VCAE 2831
Ag AN AR .
48435 A3 A Six Hump Camel Back Al < Schwefel BAo|A] B A7t HAZS 231 9
A £& zke] 4 o - — o3
M QLA WIS HSSl A 1 22 @A D ouy opo) mey gRAAst WS Rt 2284
"E‘ =0 2zl A = o)} 2~ fe) 71-1: = B -
he gshd e S @ BeR NFESEE o) gro) 091 e 9881 A9ae 23 98S o
WCA, VCARTE Bt} ofal duteh vEIZA R, WCA gy

o] 4% SD#FS A nw Axgre] nASHA Zo| 7t L
= AL B 4 9lal, NFEsgk 94 VCAel m1s) of 2n)
I 9o VCAZE B 9 58

F gk

Wxul EA41=
ket ok el Eq.
(5)% Schwefel function®] . Table 6914 = 482 3=
Hlaste] wgtth AW A7 307190
EAA Blast HH3t daE]FS GAF(Genetic
algorithms  with  floating-point  representation),
SCE-UA(Shuffled algorithm),
MSCE(Modified shuffled complex evolution algorithm)
5ol Stk

B

complex evolution

N
=418.9829 X N— Y Jz;sin (

i=1

Mh f(z) il

®)

subject to —500 < z; <500,

i=1,---,30

123

olel9] Eq. (6)< Hyper Sphere function®]iL Table 7
NME AEAHE Hlalste] Bkt

Min f (z) = ©6)

subject to —512<z; <5.12,

i=1,-,30

Table 7. Comparison of solutions for Application of
30D benchmark function(Hyper Sphere)[11]

GAF SCE-UA MSCE VCA
Mean
i 4.83E-05 | 5.92E-12 | 0.00E+00 | 0.00E+00
solution
Best
X 9.56E-11 | 3.48E-16 | 0.00E+00 | 0.00E+00
solution
Worst 15 20804 | S97E-11 | 0.00E+00 | 0.00E+00
solution
SD 429E-05 | 1.212E-11 | 0.00E+00 | 0.00E+00
NFEs 120,000 120,000 120,000 120,000
&A= v EH MSCES VCAES |23 GAF,
SCE-UA EF HAZE 244 L3kt MSCEQ} VCA
£ A83191& ul Hyper sphere FAoIA] & #7}
HAgS Za 9lom ol we} xEHATH %‘*Eo}?ﬂ
ST o= VCA dag|Fo] dAsHA HAgs 2



B AFE &8 EEA) AT A3B, 2016

RS or]gich Table 8. Comparison of solutions for Application of
engineering benchmark function(Speed reducer
design) [12]

PSO-DE MBA VCA

n}2) ‘1} o® %ETxﬂ FEEA ] Agste] A AES Mean 2996.348 2996.690 2994.673

solution
. o}l9] Eq. (7)< Speed reducer design problem

Best solution 2996.348 2994.482 2994.475
function®] 3L Table 8olA&= A&ZAE Hlwste] B3k Worst
t}. Speed reducer design problem functionoll 4] H] gk solution 2990348 2996769 9931
A3} dag]5-2 PSO-DE (Particle swarm optimization SD 6.40E-06 1.56 2.65E-01
with differential evolution), MBA S©°] $lth NFEs 54.456 6,300 50,000
Min f(z) = 0.78542,25(3.333323 +14.9334x,
—43.0934) — 1.508z, (22 +22) “827E 29y MBAS) NFEsgto] 7Hd stot
T TATTT () Bitgh 7P B gk /H v gk SolA veae Az
+0.7854 (2 22 + x522) 7F 7 FeE € 7 oAk SDO] B PSO-DEE 46
subject to SRS o 7P o E AFE BolFa gloy At
VCA© Bl8] AA| Aol & 4= 9tk
ple)=—2 1 <0 Zgn oz AQwsel A5k 2709 S84 wAn}
P 7 BA, ARuse] A5k 307190 3t e
gy () = mfl =0 A, AA| FEHEA|(Speed reducer design problem) 5l
19323 A VCAS] 2838150 ) the Lare|sel vl egd
gle) = T1=0 Fe 438 vy
1.93z7
9:2)= zzxéx: =0
(745 (,/z,2,))? +16.9 < 10°]/2 4. 2 B
95 (x) = 3 -1=<0
110z
(745 (5/2ym4))? +157.5 < 109]/2 B ATelM= HE el Feta SAoA agkd A=
gs(x) = 8527 —1=0 3 WelFe2g #HA3F darg]EQl Vision Correction
Ty Algorithm(VCA)S 713151t}
g.(2) = —-1=<0 _ _
40 VCAYIAE DRSS A&3te] 54 ks B3 e
pol) =21 <0 A AR AAure) BAUSE /e 4900 B
| W5 g5 nastel, AzE o BAFE} 959
gola) = 12;2 -1<0 A AeH o AN HaF FES T
15, 419 DR DR, DR, 5°] SEWFE S8 24449 Be
9oz =—p 10 AAwgrict k7o) DRy, DRyE 7HA 3 Yk
L1z, 419 TG HEYORM WY Sae ol M HAshs
gule)=———"1= Al e Rt Adale] SRshe £4 B2
3 AT =N 5% AeS Hole As EIsA
%Zexl <36, 0.7 <w, <08, 17 <z, < 28, ohoeE o] A A A el Beskl =
73 <z, <83, 7.3 <z, <83, 2.9<u, <39,  ZAY W= e EA=E FUkel] 24AE 5T
50 = z; =55 m AN Bl BEA=E ol 2AANE
@) of A=w Aol g 1o gasAY e
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Az 93 Awge M5t 20

Ql ek wilAlnpd A, AW 7k 307091
sHa MiA ek A, A geE Al A8dte] AdE
ARkt dnbA oz o] LAlol A Hlagh v
daglFEol vel Ao T2 e e Ae &
sttt

&5 F7H4<1 TE U

AT-E Eajol, vsjsee
et B4 ugn V)
Aen 2o s A

References

[1] D. E. Goldberg and J. H. Holland, “Genetic Algorithms
and Machine Learning”, Machine Learning, Vol.3, Issue
2, pp.95-99, 1988.
DOI: http://dx.doi.org/10.1023/A:1022602019183

[2] M. Dorigo, Optimization, learning and natural
algorithms. Ph. D. Thesis, Politecnico di Milano, Italy,
1992.

[3] J. Kennedy and R. Eberhart, ‘Particle swarm

optimization”, In Neural Networks, 1995. Proceedings,
IEEE International Conference on, Vol. 4, pp.1942 -
1948, IEEE, 1995.

DOI: http://dx.doi.org/10.1109/icnn.1995.488968

Zong Woo Geem, Joong Hoon Kim, and GV
Loganathan, “A new heuristic optimization algorithm:
harmony search”, Simulation, Vol.76, No.2, pp.60 - 68,
2001.

DOI: http://dx.doi.org/10.1177/003754970107600201

I. Fister Jr., X.S. Yang, 1. Fister, J. Brest, and D. Fister,
“A Brief Review of Nature-Inspired Algorithms for
Optimization”, Elektrotehniski vestnik, Vol.80, No.3,

[4]

(5]

pp.1-7, 2013.
[6] D.H. Lim, JH. Lee, and C.W. Ahn, “Differential
Evolution  Algorithm using Parallel  Processing

Structure”, Journal of the Korean Institute of Information

125

Scientists and Engineers, Vol.37, No.l, pp. 323-327,
2010.

Y.Y. Chun, H.S. Choi, S.J. Park, and S.J. Lee, “ The
Evaluation of Reliability for Exam Distance of Visual
Acuity”, Journal of the Korean Ophthalmic Optics
Society, Vol.19, No.1, pp. 17-22, 2014.

DOI: http://dx.doi.org/10.14479/jk00s.2014.19.1.17

H.J. Pahk, S.W. Lee, and W.D. Kim, “Computer Aided
Measurement and Compensation System for Focal
Length of Lenses in Camera Manufacture Based on the
MTF Performance Using the Line CCD Sensor”, Journal
of Korean Society for Precision Engineering, Vol.l5,
No.8, pp. 71-80, 1998.

G.S. Che, W.S. Chang, and J. Oh, “A Study on the MTF
Graphics using Simpson Approximation”, Journal of the
Korea Navigation Institute, Vol.16, No.2, pp. 401-408,
2014.

H.J. Bang, J.U. Lee, B.H. Son, K.H. Ahn, and E.J. Choi,
“A Study on Assessment of MTF Performance and
Theoretical Analysis of Convex Trial Lenses”, Korean
Journal of Optics and Photonics, Vol.24, No.5, pp.
217-223, 2013.

DOI: http://dx.doi.org/10.3807/KJOP.2013.24.5.217

A. Sadollah, H. Eskandar, A. Bahreininejad and J.H.
Kim, “Water cycle algorithm with evaporation rate for
solving constrained and unconstrained optimization
problems”, Applied Soft Computing, Vol.50, May 2015,
pp.58-71, 2015.

A. Sadollah, A. Bahreininejad, H. Eskandar and M.
Hamdi, “Mine blast algorithm: A new population based
algorithm  for  solving  constrained engineering
optimization problems”,  Applied Soft Computing,
Vol.13, No.5, pp.2592-2612, 2013.

DOI: http://dx.doi.org/10.1016/j.as0¢.2012.11.026

(71

(8]

[9

—

[10]

(11]

[12]

=
S

E=(Kim Joong Hoon)

e 1984 2¢ : st EE3)
7} (F3Ah

¢ 1986%1 12¥ : Virginia Polytechnic
Institute & State Univ. (&HJAH

01992 29 : Univ. of Texas at
Austin(ZH4A

*1993d 349 ~ @A . st

AZAIN BT 35




FH2ANEL7| &38R A AT A3E, 2016

0| o] E(Lee Eui Hoon) ("33

02003 2¢ : YL E5ET
&8kt (&3

02005 29 : mH St AL3|g
e e )

/\]—)

1 od

2013\ 9 ~ A . et
A5 SR A ey
Ukt
<ok
gt e FAdest
£ & (Yoo Do Guen) BB

Z| & 2KChoi Young Hwan) (X359

020101 2€ : ghetuigta 143
Al 2ElE8H) (F3Ah

02014 29 ~ dA : a1y
A5A13 84T A
3 A} B3

126




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


