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Improvement of Genetic Programming Based Nonlinear Regression Using ADF and
Application for Prediction MOS of Wind Speed

A A7
(Seungchul Oh - Kisung Seo)

Abstract - A linear regression is widely used for prediction problem, but it is hard to manage an irregular nature of nonlinear
system. Although nonlinear regression methods have been adopted, most of them are only fit to low and limited structure
problem with small number of independent variables. However, real-world problem, such as weather prediction required
complex nonlinear regression with large number of variables. GP(Genetic Programming) based evolutionary nonlinear regression
method is an efficient approach to attach the challenging problem. This paper introduces the improvement of an & based
nonlinear regression method using ADF(Automatically Defined Function). It is believed ADFs allow the evolution of modular
solutions and, consequently, improve the performance of the GP technique. The suggested ADF based GP nonlinear regression
methods are compared with UM, MLR, and previous GP method for 3 days prediction of wind speed using MOS(Model Output
Statistics) for partial South Korean regions. The UM and KLAPS data of 2007-2009, 2011-2013 years are used for

experimentation.
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begin
t<-0
initialize P(t) // each individual consists of tree
evaluate P(t)
while (not termination-condition) do
begin
t <~ t+l
select P(t) from P(t-1)
recombination P(t) // genetic operation with trees
evaluate P(t)
end

end

J¥ 2 GPY| ¢IAF 1HE
Fig. 2 Procedure of genetic programming
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N
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% 3 GPO] uHf A4t
Fig. 3 Crossover operation of GP
_ Mutation
Poin
Parent 1 '
AT @ /’/ - Random
Generation Subtree

c+ (B-A)

a8 4 GPO| Ho] ¢4t
Fig. 4 Mutation operation of GP
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3.2 A=A Q)8 (Automatically Defined Functions)
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4.1 KLAPS 7|4} BloJE}

KLAPS(Korea Local Analysis and Prediction System, Ol&}
KLAPS)[12]= Shite Fofo] thall 5km siAw=(235 x 283)9) 1
AZE 7HA0Z2 SElnE BT o AlAHOR, o FE g
TN ARFE FR9) MBIl R 8%k KLAPSY QI/4% Al
S= UM9 A5 sYstA 2, £8 5kme| SHAEE 1A
), shitle 92917) AAKd & Yot 443570 AREE e E,
A 4075719 AR 360712 A& 01T

B =RoAE 2007~2009, 2011~2013" & 6ER9
KLAPS, UM ¥¢] TIOJEIE AMEsIo] ol&g 8sith Ol ¢
S, A ARF B2 FTEE0RME KLAPS, UM HIOJHE KLAPS
AR ©e] HolHE Welsto] AFsith 2]l AMESHIAL St
= XYESHEE 51F0 28(00UTC, 12UTC), 3AIRt 7HEo=
21709 BE o5 AIKH+06H ~+66H)CE ol AIEE MAEH)
o], AEAES olHARY &7|st Yol "Qsith ET,
UMY 647] CIHQIAIE 71Hoz AlgSlo] oSAle A}
™, ZF o HIA HE UERNAIAL ke RIE7F T2, AT

KLAPS
‘) KLAPS : A|ZEHQ] — AXE Ch| |
U M A - AHRbE Tl |

| UM(O]®)KLAPS(M %) S¢ |

| Bias KA, Hiel ubE 4+

I8 7 Z5 oHE gt KLAPS 7|14 A1R9 A+A 3A
Fig. 7 Reconstruction procedure of KLAPS weather data for
wind speed prediction
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MOS(Model Output Statistics)[13]&= SR EHEEO] QXS
E0l= OEEEA, FRERH o=Zhol Mosoll 9t H
FYe Sote dyolrt. deEoz, 4 oFo] thsia MOS
Mg B3 2818 $AERE UM[14] HEO QXE H
Fohe HIHE ArESiTH15. 16].

7129] MOSOlAl AIEEE old HE 7lMe Al (DY 2ol
TAE oHIRNET Aol Afte 8 AgE9Ql #4072
Alo] AT 0714 AWSSE EK0] tish RAYOIH, VAR E
I 10] LI9F Q= UM olHQOIAE Z1eIFIh #alg, UM of
HOIRE 2, 3, 7|12, 8% S ThYst 714k QIRtol thato]
71 1EEE ARSEO FHECL J81 o= Z olRQIKN]
S| FAIs=olT.
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Fig. 8 GP based compensation technique for wind speed
forecast
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GP Egl MHE <9Ist Hn S TS0 Zo] ZoErh
GP dof AFE%l= E%Ul%i I 10] U UMY 647 olR 9
A9} A= ERCE O|FOIAIH, 2129 o QRIS kol m
2hAl 1~47H§ TRET} 2 ollE QIR theiAle FA-FTh
TS7E SHEL) GP e AREQAN, -, =, /), AR (cos,
sine), Bit(ave), 7FEEE(wfl, wi2)E AHSSITH

ﬂIE
| —v—‘
5 o

o)

E 1 UM o|HQIR}
Table 1 Predictors of UM

Group Code
TS, T8, T7, Tb
DZ18, DZ17, DZ85
TDD10, TDDS8, TDD7, TDD5
QS, Q10, Q8, Q7, Q5
DQS5, DQ85, DQT5
RHS, RH8, RH7, RH5
MRH17, MRH15, MRH85
VPDS, VPD10, VPDS,

Air Temperature

Thickness

Dew-Point Depression

Specific Humidity
Q Difference
Relative Humidity
Mean RH

Vapour Pressure Deficit

VPD7,VPD5
Zonal Wind us, U8, U7, U5
Meridional Wind VS, V8, V7, V6
Wind Speed WSS, WS8, WS7, WSb

NW Wind Speed
NE Wind Speed
SW Wind Speed
SE Wind Speed

NWS, NW8, NW7, NWb5
NES, NE8, NE7, NE5
SWS, SW8, SW7, SW5
SES, SE8, SE7, SEb

Total Rain Amount PCPN
Lapse rate LR87, LR85
K-Index KI

Severe Weather

224004 ddgst Zsteatel =7 44, grt, A= J2|3
GP f&Q4to] e alg ARAl 2 o AFuTE HEgEr}
718 <5t AAE Feith ZH ARe a9 99 22 Eflo ¥
HE 7R QEd, @ BRols dadger) Az BEols
EOgol UM QI edE <+ ASS UEHICH
NZe o\ B 52 A 2% go
£GP FESiol ot HEA Fe et ﬁOlE}. 0714,
GP_Treex= HEAIOE A (1)9] AWSSOl| SHETITY.

F

WSS,p= WSSy, + GP_Tree @

5. 3% oE 4 88 49 X &AW
51 AF &4 9 A

KLAPS ZAVE] tist B4 ol52 9Ist GP 7lwe] &% w
AA A8S Thedt 2o SalE,

- KLAPS RIEBAAIS :
- e R - gst R K19 364 R AR
(K 4071, 29 5070, Y 4071, th++ 457, o= 4571,
FAF 4370, AFE 1017H)
- ol ¥ A1Z 00 UTC
- 53 o AR : 217H(+06H ~+66H, 3AIRt 7+4)

2007~2009%, 2011~2013¢

g

21219] oH B M Age 208 BHE EsHITE
lil-gp[17]€ &5t sfelon, dgdo] Abget FHUZE

el mehEls the ® 29 LTt

T

4V
I

E 2 @AzZzJsd gehog

Threatening Index SWEATI Table 2 Parameters of Genetic Programing
GP Parameters Values
T A7 200
A+B, A-B, A*B, A/B
), sin(A) kS -
Rra(A ) wilh,B) Foh Aoy = 200
Zth Ex] o 10
Z7] Edl 74 half and half
Zs A 21 -
T5-TS WSS~WS5 Z7] Edl 74 Zo] 92 -3
DZi8~Dz8s | NwS-hws IR & 09, ME : EURE@ES ¢ 1)
TDD10~TDD5 NES~NES — - :
Qs~Q5 SWS~SW5 SHO] AL} gE 01, A8 : EHHEGEY] )
DQS5~DQ75 SES~SES
RHS~THS PCPN
MELET- VRN | (Re7LRSS 2007 ~2009, 20114 4¥%] 8k HOlERE TSk 2080
Us~Us SWEATI GPE sdlisitt. ojmf ME%E 20719 S5 20128 AS(validation)
VS~V5 ERC

J¥ 9 GP A9 74
Fig. 9 Construction of GP individual
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AMESITE Hal thAQl CHEAESFREA(MLR) BiHolAds
Z Igo] " gloBEE 2007~2009, 2011~20128 SEXIE
& HolHZE 435k, 20139E BHIAE HoJHZE AEsiy ¥
7¥Sith 20104 ElolHE Y BE &AFo] Aol AelsiTh

o oy

| 2007 | 2008 | 2009 | 2011 | 2012

1% 10 GP sk5 Hlole 4
Fig. 10 Composition of learning data for GP

| 2013 |
\ |

‘Validatit‘m Data H Testing Data |

S FHO e BAoh] fleiA ER XY, g7 Al
Ztholl thoha] sedlst AP AE Zike 3 31 Zon, ¢
A= RMSEE UERACE  AREIGIATL  A2ZEgH(cos, sin) 1
23l BgrSavg, wil, wi2). wil, wi2 & A2 7FEA17F T
E g Sr(weighted average)E QUISIT Ad ZAuloja] H

| te AT AQETH= At HHdesEs
7l ARESH A1 Ot O 45 URtem, ARE|A4k
Zigkettg AESH AFo] 71E f4ge HAlrh Aol 3

a

=
Folu AE gge nEe & 4 Urk

_>|:
A
Q
o
rg
Rali Lol

3 g gl thst AF A" ZIHUMAGP)
Table 3 Preliminary results of effects for function selection

AEARES) Mg HA WSS gt
loperator (40) (43) (101) (184)
+,-,%/ 3.5959 1.1473 1.9708 2.1316

+,-,%,/,c08,8in 34781 1.1042 1.9068 | 2.0608

+,-,%,/,c08,8in,

3.4765 1.104 1.9907 | 2.1064

avg,wfl,wf2

2 AgoAE UM, UM+MLR (UMo] MLR HZA, MLRE C}
SAES|AEA), UM+GP (UMO] GP H7A). 18]31 GPOl ADF
7IHg F716 HE7HES Hlushth GP_ADF Y E9 AFe
I 39 AME AFOAQ & A AWE Falsto] oot &
O] 47}X2 Th2A F-48itt.

- GP_ADF1

main : +, -, % /, sin, cos, avg, wfl, wf2 (647] QIX}, ERC)
ADFO : +, -, *, /,(ARGO, ARG1, ARG2)

ADF1 : sin, cos (ARG3, ARG4)

- GP_ADF2

main : +, -, % /, sin, cos, avg, wfl, wf2 (647] QIX}, ERC)
ADFO : +, -, %, /, sin, cos (ARGO, ARG1, ARG2 )

ADF1 : +, -, =, /, avg, wfl, wf2 (ARG3, ARG4, ARG5S )

ADFE At%t REZ2I2y 7|8 oMy 8724 7 WM 2 E% o2 2y S
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- GP_ADF3

main : +, -, % /, sin, cos, avg, wfl, wf2 (647] QIA}, ERC)

ADFO : +, -, %, /, sin, cos, avg, wfl, wi2 (ARG ®l0] WS
Hih) AF AIRIQE ERCTF 23

ADF1 : +, -, % /, sin, cos, avg, wfl, wf2 (ARG $lO0] RH
S AY QIR ERCYF 2T

- GP_ADF4

main : +, -, % /, sin, cos, avg, wfl, wf2 (647] QIA}, ERC)

ADFO : +, -, %, /, sin, cos, avg, wfl, wf2 (ARG §lO0] WS
(HFEh A IR x8h

Z} GP_ADFi9] A&EolA main Efle BT SUsHA ol
AFEQILY, A, BeerE Aot QRIEE 6470 UM Q1
Aot AW ERCE EEOIT) 2 ADFO] AFEe g0 114
T= QIR FHE ThEA $Ith GP_ADFL, 2, 32 % 79
ADFE AM2EHH, GP_ADF4= SL19] ADFS ARZEH}
GP_ADF12 5 7§9] ADFof thalAl 22t AbE|oILtat a+ztst
F2 Aoy, AR 2 e 27iE AASITE GP_ADF2&=
Z} ADFOl AREIQIAMS W& ESHAIZ|L, ADFOOl= AFSHRE,
ADF10lE Hug+ES F712 ZRKILH QRls & T} 37
AES}. GP_ADF3Q] gt maindt L&A A8k QIXlo)
HSIE Fof, v SE AQ QARAETNE EFAF, S50 &
HE QIAE0] slo E{tE= HIES =01:F STl GP_ADF4
ADFE o JI2 F4stal High Ag QR =S
GP_ADF32} GP_ADF40lxl= Q1<=(ARGQ)E AMESHAl 2Lt

rr

52 A8 dit H £4

TAlL WE, s A RYE 42 E8g
AEF, gdst 7 "Ysg, 29, 33, g+, &l 245 A
Fo) AdEsto, Ade sHsiion, & 36470 AREo] Tist
Hin AE Zih 3 40 LieF AT
UMEH] Z3to] HigiAd MLR HAS ¢ Zo] Agst s
te ZHRgtE UM 2EO| JIRe QAFE ZiAs MOS HE
o] ZEFQ POz sfAHErt. GPE B HE2
IRQ0)A] MLR EAo] HJslAl RMSE @& & o =4 L}
oLl AM Brtgke MLR HAof Hish 9F 35% A= QACE

RIQVEl 47}A] GP_ADFE AMSSh HA dWiHs BE MLR 2
GPUtel R HIshAl & Higho] S5 Uit 53], F
ADF9| gt g delotyl HBogl g=8 Z§sh GP_ADF2
2ol AR g gsolA M 46kA ugten, MLR B8
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Table 4 Performance comparison results of wind prediction
for 7 areas (RMSE )

00 UTC Mg Bt A= o+
UM 4.2583 3.1262 2.3505 1.4656
UM+MLR 3.0350 1.5622 1.9588 1.3065
UM+GP 3.4664 1.0914 1.8917 1.1346

+GP_ADF1 2.8621 1.2794 1.8330 1.1293
+GP_ADF2 2.7959 1.2408 1.8256 1.1273
+GP_ADF3 3.0022 1.2970 1.8402 1.1540
+GP_ADF4 2.9965 1.2974 1.8564 1.1442

00 UTC a4 z4 ol Sy
UM 2.2146 3.1609 1.7530 3.0549
UM+MLR 2.0016 2.6705 1.4462 2.3301
UM+GP 2.0015 2.6786 1.2312 2.2492

+GP_ADF1 1.9684 26211 1.2549 2.1580
+GP_ADF2 1.96565 2.6346 1.2274 2.1362
+GP_ADF3 1.9748 2.6415 1.2791 2.1981
+GP_ADF4 1.9824 2.6552 1.2601 2.1987

017]A] +GP_ADFi = UM + GP_ADFi & 9Jn|gt

6.4 8

E =RoMe Ats ESH M4 780l ADFE ARSSH0] GP
7ldt Qs HIAY slRAA AY JIHE &R Aokl T
o] QXIS EToHE < oH9 REA MY xR HESHH
Ch Al G924 Mg, B4 AFEE EEst Jsto) 71 A9,
3647 AARE thaliAl 2007E~2009, 2011~2013E9] Wthst 7
A HIoHE ez Tt zl8st Aglg 8lehal, &5 o
Zo] thst 85 UM Y THELAESAEAHT Hlwstrh

AMQtEl ADF 7|dh B3 dhHs0] X% MLR 2 GPTHO HE
o HIgHA 25t Hsg HYon, 718 L5t GP_ADF2 &
o] AAl "¢ dsolAd MLR 2Fo Hlsi ¢F 8.3%, “1g]al GP
HAEo| HIHAE 9F 50% ZHAEIUACH

%, ADF 4 ol AASIE 3 HIdE slHA M
7189 Hsg =0, AfEg Jsh ARZ gEsto] 8g A

gloJrt.
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