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Application of a rough-set neural network to superfamily
level ininsect taxonomy

Du Ruiging' , Chu Xueying" , Wang Qinglin* , Zhao Qiuhong® , Pang Fahu'
(1. Department of Biology , Nanyang Normal University , Nanyang 473061, China;
2. Department of Mathematics, Nanyang Normal University , Nanyang 473061, China)

Abstract To study the feasihility, reliability and importance of taxonomy character at superfamily level ininsect math-
morphological features by a combination approach o the roughrset theory and the neutral network we analyzed 11 math-
morphological features (MMFs) , such as area, perimeter, and so on, from the images of 23 species o insects, infive
superfamilies of Lepidoptera and Coleoptera, Noctuoidea, Bombycoidea, Papilionoidea, Scarabaecidea and
chrysomeloidea. The results were compared with those of the statistical analysis reported by Zhao Hanging. The rank of
reliability MMFS in the identification of insect superfamilies is from high to low; the area and hot-holenumbe are grater
than perimeter; the X-length, form parameter, circularity, roundness-likelihood, eccentricity greater then Y-length, lo-
bation, sphericity. The results are not completely identical with those from Zhao Hanging, but the most characteristics
areidentical. The results o pattern recognition by neutral network are completely identical with those of traditional
classifications. This theory applied to insect taxonomy is better compared with the statistical analysis method and has a
great significance at superfamily level when used with roughrset neutral network.
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Tablel Heven mathematicd morphological characters extracted from 23 ecies of insect
Al P/ Lx/ Ly/
107%m® 107%m  10°%m 10 %m F B S c R E H
20 365 932.9 273.5 117.8 3.315 0.089 0.156 5.900 0.335 0.431 10.12
10 394 768.8 188.2 86.0 4.686 0.085 0.151 4.909 0.372 0.441 26.17
13 841 717.8 228.4 96.0 2.980 0.076 0.139 5.874 0.338 0.409 1.84
72155 1685.0 485.1 124.7 3.142 0.048 0.084 7.750 0.442 0.25%4 5.20
82879 1821.0 503.4 147.8 3.201 0.069 0.087 9.366 0.426 0.279 3.40
103368 2143.0 561.0 156.4 3.545 0.041 0.072 9.243 0.420 0.270 53.17
149687 2486.0 640.9 178.4 3.297 0.050 0.086 9.758 0.464 0.261 10.63
37948 1206.0 298.0 92.7 2,901 0.086 0.145 6.923 0.551 0.316 7.73
38479 1105.0 305.9 105.1 2.538 0.110 0.189 6.886 0.526 0.344 1.22
54 812 494.0 375.5 117.5 3.278 0.064 0.109 8.275 0.495 0.264 1.39
60053 1344.0 377.2 125.4 2.404 0.114 0.198 8.521 0.542 0.321 1.76
42783 1317.0 404.3 102.2 3.348 0.070 0.133 6.818 0.334 0.228 43.55
31773 1231.0 169.4 250.4 3.930 0.314 0.325 5710 1.432 1.493 5.35
5331 303.0 60.7 113.6 1.373 0.420 0.424 5554 1.844 1.8715 1.63
5252 299.6 60.7 113.0 1.362 0.422 0.421 5564 1.828 1.870 1.57
4350 266.8 59.3 98.0 1.306 0.436 0.492 5163 1.571 1.652 6.74
4 606 275.8 61.3 101.0 1.319 0.445 0.514 5342 1.558 1.648 2.77
6091 320.1 69.3 114.5 1.341 0.453 0.516 5.517 1.614 1.653 12.04
8011.5  488.4 60.8 167.3 2.389 0.349 0.222 5011 2743 2.750 16.20
2402.9 234.4 32.0 91.2 1.860 0.363 0.226 4.139 2.991 2.853 1.37
1871.9  220.0 27.3 88.7 2.067 0.409 0.223 3.682 3.214 3.265 1.00
2700.8 262.0 32.9 98.9 2.032 0.411 0.249 3.919 3.176 3.013 1.35
2190.3  206.2 36.6 79.7 1.549 0.369 0.307 4.098 2.120 2.18 1.00
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n=01¢ =0.01
f(x) =1 (1+exp(- x))
3) xk (k ),
dk (dk xk 5x1

dk(my) =(0.9 0.6 0.6 0.6 0.6)
dk(my) =(0.6 0.9 0.6 0.6 0.6)
dk(mg) =(0.6 0.6 0.9 0.6 0.6)
dk(mg) =(0.6 0.6 0.6 0.9 0.6)
dk(ms) =(0.6 0.6 0.6 0.6 0.9)

4) :uk=W- xk, vk =f (uk) ,

yk=f(H-vk) ,ek= 1 yk- dk Il #2; uk = ( ukq,
uks, uks, uka, uks) , xK = (xki, xks, xks, xka,
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ek >€ , W H :
gH1 = yki- (1- yki) - (dki- yki)
gH2 = yka (1- yko) - (dkz2 - yko)
gH3 = yks* (1 - yks) - (dks - yka)
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gwz = hy' - gH- ' (ukz)
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gwg = hy' - gH- f' (uka)
gws = hs - gH- f' (uks)
gw = (gwi, gwz, gWs, gWs, gws)
AH=n-H-vk
H(n+1) =H(n) +tA H
Aw=n-gw- xk
w(n+1) =w(n) +A w
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S=(U, A, 1 E<1 1 R<1
, 1 2 1< E<2 2 1< R<2
VE— VR:
3 2< E<3 3 2< R<3
F<15 1 B<0.15 4 3sE 4 3<R
1 H<1 1 A <10000
1.5< F<2.5 2 0.15<B<0.25
5= 2 1< H<2 2 10000< A <50 000
2.5< F<3.5 3 0.25<B<0.35 Vi = V=
3 2< H<6 3 50000< A <10 000
3.5<F 4 0.35<B
4 6<H 4 10000< A
$<0.2 1 C<4.5 1 P <300 1 Ly<120
0.2<5<0.25 J2 a55c<55 yo 2 H0SP<S0 2 120< Ly <150
0.25¢5<0.35 ° |3 5.5<C<6.5 P71'3 500< P<1000 Y |3 150< Ly <200
0.35<S 4  6.5<C 4 1000< P 4 200<Ly
2 23

Table 2 Decidon of the clasdfication to each insect ecies with the knowledge syssem of rough set andyss
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D
2.2
, 11
4 ({A,P,Lx,F} {Lx,C,R,
H} {A,C,R,H} , (A,
C,R,H}), ,
5 2
10 ,
H=

[1.0071 -0.0845 -0.0839 -0.0841 -0.0823

-0.0853 1.0072 -0.0852 ~-0.0839 -0.0837

-0.0081 0.0068 1.0970 0.0739 -0.0580
0.0083 0.0079 -0.0084 1.0930 0.0079
0.0091 0.0082 0.0079  0.0067  1.0899]

W =

[0.0013 0.0072 0.0850 1.9710 1.9974
0.0930 0.0014 1.1969 0.0047 1.9974
0.0783 0.0037 1.2010 0.0039 1.9996
0.0038 0.0041 1.1989 0.0950 1.9996
0.0071 0.0990 1.1999 0.0063 1.9999]

13
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Table 3 The resultsof neutra network in testing
pending samples

, ek

ek
A C R H
& 2 2 4 0.1547 m
& 3 4 1 3 0.1709 m
& 4 4 1 4 0.1712 m,
& 2 4 1 1 0.1912 ms
en 3 4 1 1 0.1908 ms
e 2 4 1 1 0.1913 ms
e 1 3 2 1 0.1237 my
e 1 2 2 4 0.1237 my
er 1 2 2 2 0.1228 my
e 1 3 2 4 0.1230 ms
el 1 2 3 4 0.1045 ms
e 1 1 3 1 0.1098 ms
en 1 1 4 1 0.1093 ms
12,ek= Il yk- dkll %2
11
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