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Input Variables Selection of Artificial Neural Network Using Mutual Information
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Abstract

Input variable selection is one of the various techniques for improving the performance of artificial
neural network. In this study, mutual information is applied for input variable selection technique
instead of correlation coefficient that is widely used. Among 152 variables of RDAPS (Regional Data
Assimilation and Prediction System) output results, input variables for artificial neural network are
chosen by computing mutual information between rainfall records and RDAPS’ variables. At first the
rainfall forecast variable of RDAPS result, namely APCP, is included as input variable and the other
input variables are selected according to the rank of mutual information and correlation coefficient.
The input variables using mutual information are usually those variables about wind velocity such as
D300, U925, etc. Several statistical error estimates show that the result from mutual information is
generally more accurate than those from the previous research and correlation coefficient. In addition,
the artificial neural network using input variables computed by mutual information can effectively
reduce the relative errors corresponding to the high rainfall events.

Keywords : mutual information, artificial neural network, input variable selection, RDAPS
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Table 1. Information of Rain Gauge Stations
Location :
Station Station . Beginning of Av.erage Ma).nmurn
Basin ; rainfall rainfall
code name Longitude | Latitude observation (tmmy/3hr) (tmm/3hr)
30011248 Jangsu Geum gang 127-31 35-39 1988-01-01 54 66.5
33011146 Jeonju Mankyung gang 127-09 35-49 1918-06-15 59 103.0
31011232 | Cheonan Sapgyo cheon 127-07 36-46 1973-01-01 55 1055
10071203 Icheon Han gang 127-29 37-16 1973-01-01 56 54.0
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Table 2. Description of RDAPS Data

V;l;i;l;le Description Dimension | X Y | Z Unit
APCPsfc 3 hours accumulated rainfall 2 191 [ 171 | 1 | mm/3hr
HGTsfc Geopotential height on surface 2 191 [ 171 ] 1 gpm
HGTprs Geopotential height 3 191 [ 171 | 24 gpm
MIXRsfc Mixing ratio on surface 2 191|171 ] 1 kg/kg
MIXRprs Mixing ratio 3 191 | 171 | 24 | kg/kg
PRMSmsl Sea-level pressure 2 191 (171 ] 1 Pa
TMPsfc Temperature on surface 2 191 171 ] 1 K
TMPprs Temperature 3 191|171 | 24 K
UGRDsfc Wind velocity of East-West direction on surface 2 191 (171 ] 1 m/s
UGRDprs Wind velocity of East-West direction 3 191 1171 | 24 m/s
VGRDsfc Wind velocity of North-South direction on surface 2 191|171 ] 1 m/s
VGRDprs Wind velocity of North-South direction 3 191 [ 171 | 24 m/s
DZDTsfc Wind velocity of vertical direction on surface 2 191 (171 ] 1 m/s
DZDTprs Wind velocity of vertical direction 3 191 |1 171 | 24 m/s
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(DZDT, UGRD, VGRD)7} 7-$-o] @2 oJ3ks n|x
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Table 3. Mutual

Variables of RDAPS Output

H3oA 2YFog 24ZFoA
A4 (flexibility) &
I AR Flo]
=8 Zhoutput) &=
27 87 Hstelth
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(9b)

a=tansig(n)
Fig. 4. Hyperbolic Tangent Sigmoid

Information and Correlation Coefficient Between the Observed Rainfall

Transfer Function

and the

Site Jangsu Jeonju
MI Correlation Coefficient MI Correlation Coefficient

Rank Variance Value Variance Value Variance Value Variance Value
1 D300 0.6569 D100 0.3096 U925 0.9894 M450 0.2598
2 D100 0.6246 D150 0.1890 D925 0.9615 M300 0.2561
3 D050 0.6111 D250 0.1809 D300 0.9292 V450 0.2442
4 U000 0.6094 D200 0.1769 VGRD 0.9289 MIXR 0.2384
5 V550 0.5952 D050 0.1727 V600 0.9285 V700 0.2308
6 V350 0.5875 U150 0.1643 U650 0.9200 M150 0.2296
7 V400 0.5844 MO050 0.1417 U800 0.9166 T450 0.2286
8 u6s0 0.5731 D350 0.1389 u700 0.9115 T925 0.2285
9 U400 0.5672 D500 0.1375 U450 0.9065 T300 0.2247
10 V450 0.5630 M100 0.1325 U350 0.8995 V925 0.2223
11 D150 0.5625 D300 0.1295 U950 0.8968 V600 0.2199
12 U950 0.5589 U925 0.1263 V850 0.8967 V850 0.2172
13 U450 0.5569 APCP 0.1252 U900 0.8956 T700 0.2063
14 V500 0.5547 M150 0.1249 D070 0.8948 T850 0.2053
15 V900 0.5544 V925 0.1238 D600 0.8945 D925 0.2042
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Table 3. Mutual
Variables of RDAPS Output ()

Information and Correlation Coefficient Between

the Observed Rainfall and the

Site Cheonan Icheon
MI Correlation Coefficient MI Correlation Coefficient
Rank Variance Value Variance Value Variance Value Variance Value
1 D150 0.9055 M750 0.1767 V050 0.7002 D300 0.3555
2 V300 0.8790 M100 0.1730 D050 0.6669 M250 0.2681
3 U150 0.8568 M250 0.1626 U300 0.6622 V030 0.2137
4 UGRD 0.8499 VGRD 0.1601 DI50 0.6619 M100 0.2127
5 V450 0.8406 D100 0.1483 V200 0.6610 D450 0.2097
6 U050 0.8352 M300 0.1327 D250 0.6596 T™MP 0.2042
7 U350 0.8336 T750 0.1324 U150 0.6313 D230 0.1929
8 V875 0.8309 M150 0.1253 U600 0.6266 M300 0.1870
9 D875 0.8298 D150 0.1228 D300 0.6227 MO050 0.1811
10 D250 0.8277 V150 0.1208 V875 0.6020 M400 0.1789
11 V975 0.8274 H500 0.1084 V600 0.5929 MIXR 0.1780
12 V800 0.8253 V975 0.1079 U450 0.5879 M450 0.1754
13 DZDT 0.8238 H950 0.1069 U070 0.5875 MI150 0.1734
14 U800 0.8159 H650 0.1069 V350 0.584 D030 0.1699
15 V070 0.8143 H350 0.1063 U925 05729 T400 0.1681
ob AF)ll it Fs FRFF ATA Al uet E
= =t S wakel BE79-9 Bayol Frha B @ WsE 7t
Al el @ | | 2} Ajelste] ANN_28h ANN3S 742} 4708, w5 97)
l | o] AFNAGE 2l 51K Table 4).

K- : aPm AN FAARe AFES ey
I Lo 8] th2-9) Egs. (1003 1DE Aoe HAlFoxt
i i i (RMSE, root mean square error)®} A A 2
'Tn;ur' et T 'ayzrsl m e TRRMSE, relative RMSE)E 485151
Layer Layer

Fig. 5. Modeling the Artificial Neural Network 1 &

7t A F 2.2 RMSE) E;m—w (10)

AFHon muy @ AFNFYe] DL Fig, 5%

2t B A F 23 @ 2 RRMSE) (11)
4. M2 ¥ A3

2 AF M= 259 5(2008)0] AFAEE A=A} o
2 LS AR olge ANN 10 QFHRE B WA BEgS ehic, ANN 139 9kl o
A STk gEo] 71 AR ol 2, o)A, A 2 A% u|wE Table 501 YERASIT
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Table 4. Types of Artificial Neural Network

Shin
Method et al. Correlation coefficient Mutual information
(2008)
Site All Jangsu Jeonju | Cheonan | Icheon Jangsu Jeonju | Cheonan | Icheon
Name ANN_1 | ANN_2-1 | ANN_2-2 | ANN_2-3 | ANN_2-4 | ANN_3-1 | ANN_3-2 | ANN_3-3 | ANN_3-4
APCP APCP APCP APCP APCP APCP APCP APCP APCP
Selected M850 D100 M450 M750 D300 D300 U925 D150 V050
input
variables U700 D150 M300 M100 M250 D100 D925 V300 D050
V700 D250 V450 M250 U350 D050 D300 U150 U300
Table 5. RMSE and RRMSE Results
Site Type RMSE (mm/3hr) RRMSE
ANN_1 8.8306 3.2150
Jangsu ANN_2-1 4.6854 3.1428
ANN_3-1 3.4827 3.3212
ANN_1 6.3948 9.5635
Jeonju ANN_2-2 7.1798 10.1424
ANN_3-2 4.5806 6.1710
ANN_1 8.3718 14.0271
Cheonan ANN_2-3 6.7866 11.9825
ANN_3-3 3.8955 6.1983
ANN_1 3.3790 24732
Icheon ANN_2-4 4.4630 1.7265
ANN_3-4 2.4053 1.9313
Table 514 W= s} o] 45 AUFS olgatel 7} 4YS =l vehdom, gLt o] A A%
gk MdE ANN3 wgel WEARTed  AwWAF 4EANFL ol A% W v
(RMSE)d3}+= 47(3.4827), A52(4.5806), 1 <H3.8955), Ag WgEo] AAHeH o]of w2 Azghe] oAb
o]H(24063) 0.2 BE A HoA g2 AFAalA W] H] o] Zpol7}t iAoz A Htrn HE Fo= 1
s s oAk Ae Ao etk BEAFE 4 ek
SZHRRMSE)®] A9, et o HHelA 29 Fig. 69 HyrAld a7k Ald & HekA
ANN_2085 31428, o] 1.7265)¢] 227F ANN_3(% el a5 BA4E SRS 44 x5
33212, ©]H 1.9313) B} AA Jebk Yo TAI%E & 71878 F3ke] yEhd Aolth
e gt Hke] A ABATE o8 oY A7 PEREE B He BS54 083t
WS AARS W oRE Egus BAE WEse] B nAgd aE3SEe g 1wl gloln shek ga
AN om o] B A AHHFS o] &aA YHEWF 2 olF AMe 3|FAIRI Aotk 2 Wk A
S AAS Aze] QA5 vlus|Ed AUy oz 93 o 579 kol #5aH dA k= B+-E HEhl=
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Table 6. Absolute Errors According to Group and Type (mm/3h)

Site o Group 1 2 3 4
ANN_1 70.49 74.46 128.29 582.88
Jangsu ANN_2-1 94.62 86.82 90.86 241.24
ANN_3-1 100.01 61.99 64.22 143.66
ANN_1 138.49 166.05 100.67 396.94
Jeonju ANN_2-2 180.70 204.34 126.58 425.43
ANN_3-2 107.07 95.57 94.56 244.87
ANN_1 149.04 139.49 97.92 45491
Cheonan ANN_2-3 186.70 147.29 129.43 471.83
ANN_3-3 118.15 75.09 74.93 240.52
ANN_1 77.09 96.46 97.91 176.46
Icheon ANN_2-4 44.46 56.96 65.07 172.36
ANN_3-4 82.02 61.25 72.76 105.70
Table 7. Relative Errors According to Class
Standard 1mm/3hr 3mm/3hr 5mm/3hr 10mm/3hr 20mm/3hr
Class - + - + - + - + - +
ANN_1 188.62 | 124.75 | 255.24 | 58.13 | 270.30 | 43.06 | 291.24 | 22.13 | 302.70 | 10.67
Jangsu | ANN_2-1 | 22456 | 11947 | 314.48 | 2955 | 322.98 | 21.04 | 33512 | 891 | 340.05 3.98
ANN_3-1 | 22364 | 81.90 | 284.00 | 21.54 | 290.86 | 14.68 | 300.15 | 5.39 | 30282 | 2.72
ANN_1 821.57 | 126.05 | 908.89 | 38.73 | 922.71 | 24.91 | 932.65 | 14.97 | 942.50 5.13
Jeonju | ANN_2-2 | 991.10 | 14591 | 1090.32 | 46.69 | 1112.23 | 24.79 | 1121.20 | 15.81 | 1132.01 | 5.01
ANN_3-2 | 573.43 | 83.86 | 629.76 | 27.54 | 638.69 | 18.60 | 648.03 | 9.27 | 654.85 | 2.44
ANN_1 695.38 | 151.32 | 805.95 | 40.75 | 814.30 | 32.40 | 831.49 | 15.20 | 838.97 773
C}:;OH ANN_2-3 | 85554 | 17543 | 984.32 | 46.65 | 994.00 | 36.97 | 1016.20 | 14.78 | 1024.01 | 6.96
ANN_3-3 | 525.07 | 77.45 | 575.62 | 26.89 | 581.79 | 20.73 | 594.09 | 8.43 | 599.24 | 3.28
ANN_1 15052 | 111.35 | 22643 | 3544 | 241.73 | 20.14 | 255.10 | 6.77 | 258.73 3.14
Icheon | ANN_2-4 | 80.77 | 63.68 | 121.47 | 22.98 | 131.52 | 12.93 | 138.33 | 6.12 | 139.89 | 4.56
ANN_3-4 | 14021 | 8657 | 201.68 | 2510 | 213.71 | 13.06 | 223.04 | 3.74 | 22497 | 1.81
dukx o2 3417 4797 10 mm~30 mmY 7 e ghell tisiAl Eq. (12)5 &3 2t 159 ddext
ol AP oem A A oF AUt Sxgt & & T-skdtH(Table 7).
solks s 2T = JARE Ommoll 77k A9
~ ol IS AB sl A n
;}@ 52 ;:nnLg ;2(1);21 El L}E}},zl:}]%}z]% ? ﬂ;ﬁ; A 3H Absolute Frror) = 331D, — ] (12)
dopr 7] fl&f z+ A HF AeARE L5 =S
2 4493 % 25 % 7 st 479 e R U] Table 62 7 259 Adjeas 7IHER

H43% BB1%% 201048 1H
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Table 8. Accuracy and Error Rate of Each ANN Model
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AHEE 7 o2 e A,
1HE& Aelstars Be AR BE Ve
RNCESE 915417 HANN_3)
B v e R = oz 7z
uh Ae 3¢ ww sk Ak A
HsiiE e &3 A7} g A e

BAE o A Aol ANN_L

2N g dvkar wEk = Qv

th-¢] Table 82 ANN_1, ANN_2, 12|31 ANN_3
O 3k A AA 59 e g 9 o
A2 el Ao® AL (accuracy)E AA AEE
Ao 2 s on 9 xHerror rate)= HluAH 2 ¢
of gk x5 AvE7] 91814 dSmm/3hr Bt & 7
ol s AEE grolth o714 FEeet b=
9] Egs. (14), (1I5F o8& Zolal, o714 RS
HAAE #5E FFeEola, Av A7 A3 EE
o]-g-alA FAg 9ol

Accuracy = (1 -3 R;A )>< 100 (14)

Error rate = (E R;BA )>< 100 (15)

1884 dEAES FAT ANN3
nge Aol 49 ANN_13 Hws)A 1048 %~
3856 %9 AT S How, ANN_2¢} B]uE)

T 142 %~3540 %2 F3 = FLAANE Btk &
b 9xFe] 7§ ANN_1# Hluls|A= 862 %~50.57
Q A AR ew, ANN_2¢} H]aLa]A]

T 706 %~2361 %74 A = i

Site Group Type Accuracy(%) Error rate(%)
ANN_1 26.89 69.11
Jangsu ANN_2-1 55.58 29.60
ANN_3-1 65.44 18.54
ANN_1 35.38 38.78
Jeonju ANN_2-2 2451 41.46
ANN_3-2 56.33 23.95
ANN_1 30.16 48.05
Cheonan ANN_2-3 22.37 49.73
ANN_3-3 57.77 26.12
ANN_1 62.80 22.48
Icheon ANN_2-4 71.86 20.92
ANN_3-4 73.28 13.86
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