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Satisfactory feature selection and its applications
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Abstract: Feature selection is essentially a satisfactory optimization problem in engineering applications. Most of
the existing feature selection methods did not consider the cost of feature extraction and automatic decision of the
dimension of feature subset. In this paper, a novel approach called satisfactory feature selection method ( SESM) is
proposed. SFSM considers compromisingly classification performance of feature samples, the dimension of feature set
and the complexity of feature extraction. Feature satisfactory rate and feature set satisfactory rate are defined. Several
satisfactory rate functions are designed. Satisfactory feature set evaluation criterion is given in a mathematical way.
Satisfactory feature selection algorithm is described in detail. Experimental results of radar emitter signal feature selection :
and recognition show that SFSM is superior to sequential forward selection using distance criterion, new feature selection
method and multi-objective genetic algorithm in computing efficiency and feature qualities. Hence, the validity and
applicability of the proposed method are verified.
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2 BTN 5% 5 ( Satisfactory feature
evaluation and selection)
2.1 g4 AN (Evaluation criterion)
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SRES A BIREUE T 16 FAFE. X 10 FiES
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A1 RAAER P RAHAER & L (SR) A 45 R (OR)
Table 1 Satisfactory rates ( SR) of each feature of
original feature set and ordering results( OR)

i 1 2 3 4 5 6 7 8

SR 0.798 0.734 0.902 0.922 0.959 0.708 0.887 0.809
OR 13 14 7 6 2 15 8 11

i 9 0 11 12 13 14 15 16

SR 0.953 0.941 0.853 0.971 0.922 0.844 0.805 0.950
OR 3 5 9 1 6 10 12 4
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A m,,m; 53 7KHE D BRE  RESHEERSE,
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fEB¥. BT SFSDC F1 NFS #83E BT 5545 S 4R 1F
EW4ER, R 75 SFSM HH TSI 45 R th e , SFSDC
I NFS {4t 8 #0465 &~ 52k 1 SFSM fir ik 18 19 4%
fEEAERAAR]. MOGA BFEER/NICH 100, 52 LA
RS FI R 0.8 F10. 007, B ik & K#L
REL A 500 ,4 FEFAEIESR 7L THFEA T B A R
100 KL GEITEINE 2 BioR. L4 R FE Pentium
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Table 2 Comparison results of 4 methods

F ¥ SFSM  SFSDC  NFS  MOGA
AL 46.55  24.31  48.29  57.32
4 L AR, 5,10 4,5 6,7 1, 12
#HEE 0.98 0.89 0.94 0.96
BPSK/(% ) 0 65.49  51.89  17.89
QPSK/ (%) 2.12  43.88  31.87 0.06
MPSK/ (% ) 5.8  99.98  21.95 0.11
LFM/ (% ) 0.02 0 2.15 8.06
NLFM/ (% ) 0 0 29.29  20.00
CW/ (%) 0.46 0 0.24 0
FD/ (%) 0 0 16.63 0
FSK/( % ) 0.12 0.06  36.38 0
IPFE/ (% ) 0 10.02 1.79 0
CSF/ (%) 0 0.12 45.12  40.00
THigiAAE/ (%)  0.86  21.96  23.75 8.61
Il 45 B4 1) /s 38.33  498.39 129.70 139.48
3K, BE 1)/ 5 1.84 1.84 1.83 1.86

¥ SFSDC FI NFS 450 EUA 2 FF 1T E
1#%, SFSDC K13 ) B AR E R i 4 AE 4 #1542
B, NFS 3515 i) s (£ R AR 8 i A 1E 6 1 7 A,
MOGA 372 # B 14 F7 1E 58 WRRAE 1 #0012 18T, #%
FFEEWRECER 2 DA WM. 45% SFSM,
SFSDC,NFS fil MOGA #: 18 H st £ K TE 5 ~
20dB A5 M b T BBl N AT A 25 R I RS B, SR
HRET R B 4 S 88 N M e W 45 41 25 85, HGS R
2 -15 - 10, B AR M ZITH B E 5L n) 8 ) 4850
R, &R 2T E SRR ESEER R
& R E 5 5 K i ¢ tansig” F1“ logsig” 15 18 iR
B, NGB R e R I SR, B B U
“0-1"RUFS Hi 20 0.05, % £ Mk 0. 001,
BRI HCH 10000. 225 100 Yk 5256 B 15 49 4
KBS 2N e a) I ()R 10 F 2R IR SRS IR
SRR IR ANER 2 FR.

# 2 Br,SFSM [#%i+& i 8] Lk, NFS fil MOGA
/>t SFSDC £ ,{H SFSM 48 H i 4HIE i B B
5. M R E R BT R R B, SFSM K15 19 - KR iR
AT KN 0.86% , 43 5] L. SFSDC, NFS #1 MOGA 71>
21.10, 22.89 F17.75 NE 5345, FL SESM 3 BFFE
EFER 4 A2 SRR (8] Lk SFSDC,NFS I MOGA
DARE AL 4 FOT IR E R A A S I AT R A A
6. FILRTE ), SFSM e 1B 20 36 1k ) RFAE B 5%
R A B A KT SFSDC,NFS #1 MOGA 3 f 5.
4 Z%iE(Conclusions)

FECE R IER B P, B0 % BAHE M & 1Y
BRI AR M, XEA SRR RE
EFEFRE R E R T TE S BRI R B IR
PEURTHE PR R AN S5 1B, A 305 AT B IE R #
Pk WK BRSEIE H Pkt o BB 4 O &2 Z R 34
AW ERFESE , 3518 T Lk SFSDC,NFS fl MOGA
R A IE B IR B S MR RIS, 6 B AR AR VA E
W F) 5 T TR BB B PT AR 4 AN R R S LR B
EHTRAR, RARKW RSN, At EA—Er
AHEM. TEA ST RS, B FR IR LML RERNH
RERAAHREEEN B EMERERE —E W, ik
B EGE A R RIS BUE R B & N
T — R A 2.

BBk (References) ;

[1] COVER TM, VANCOMPENHON J M. On the possible ordering
in the measurement selection problem [ 1]. IEEE Trans on

Systems, Man and Cybernetics, 1977, 7(9) :657 - 667.


http://www.cqvip.com

24

B oW A

2.
pooog httg://www.cgvi?.com|

w5 M M kR

(2]

(3]

(4]

(5]

(6]

(7]

(8]

MOLINA LUIS-CARLOS, BELANCHE LLUFS, NEBOT ANGELA.
Feature selection algorithms: a survey and experimental evaluation
[C]// Proc of Int Conf on Data Mining. Piscataway: IEEE Press,
2002 306 - 313,

BHE, TH, HAWR FRESETE FHESEMIRE
[J]. MT-5{EE%4R, 2002, 24(5) : 661 ~666.

(LU Tiejun, WANG He, XIAO Xianci. Recognition of modula-
tion signal based on a new method of featre selection[ J]. J of
Electronics and Information Technology, 2002, 24 (5) ; 661 -
666. )

E, VT EMM T E AW R R )], KRR,
1996, 18(2) . 102 -107.

(JIN Fan, HU Fei. Principles of satisfactory-solution for fuzzy
neural computing [ J1. J of the China Railway Society, 1996,
18(2): 102 -107.)

R ERTldrmwEaEm )], F858E, 1995,
24(1): 14 -20.

(XI Yugeng. Satisfactory control of complex industrial process
[J]. Information and Control, 1995, 24(1): 14 -20.)

JIN Weidong, LI Chongwei, HU Fei, et al. A study on intelli-
gent computation of methods of optimization operation for train
[ C1// Proc of Int Workshop on Autonomous Decentralized
System. Los Alamitos: IEEE Press, 2000 227 -230,

ZHAO Duo. The application of multi-criterion satisfactory opti-
mization in fuzzy controller design [ C ]// Proc of 2nd Int
Workshop on Autonomous Decentralized System. Los Alamitos;
IEEE Press, 2002:162 —167.

EH, SR BRE. ETRAKERHBHSEHRMKRML
BEHI]. Pt e 55 R, 2004, 21(3) ; 362 - 366.

( ZHANG Gexiang , JIN Weidong , HU Laizhao . Parameters

satisfactory optimization of controller in multivariable control sys-
tem [J]. Control Theory & Applications, 2004, 21(3); 362 -
366. )

[9] MARSEGUERRA M, ZIO E, PODOFILINT L. Optimal reliability
availability of uncertain systems via multi-objective genetic algo-
rithms[ 1], JEEE Trans on Reliability, 2004, 53(3) ; 424 —434.

[10] OSMAN M S, ABO-SINNA M A, Mousa A A. An effective
gentic algorithm approach to multiobjective routing problems
(MORPs) [J]. Applied Mathematics and Computation, 2005,
163(2): 769 ~781.

[11] KB#H. 5K, Mk, R TEFRIGEENGIEER
B[], #HEe 50 ,2005,22(5) : 810 -813,-819,
(ZHANG Gexiang, JIN Weidong, HU Laizhao. Feature Selec-
tion algorithm based on quantum genetic algorithm [J]. Control
Theory & Applications, 2005, 22(5) . 810 -813, 819.)

[12] ZHANG Gexiang, JIN Weidong, HU Laizhao. Quantum evolu-
tionary algorithm for multi-objective optimization problem
[C1/7 Proc of IEEE Int Sym on Intelligent Control. Piscat-
away; IEEE Press, 2003.703 - 708.

e B A

R (1974—) B, WHGE RS TRERHE, 4
4, IEEE Associate Member, IRSS 1 CAAl £, BFST 40 i &
e BHG AE S A3 T E R BNS, HREEL
B, £EMAT W EERERBI0 K5, HPHEIE0 58
A SCI g% El #2%, E-mail; gxzhang@ ieee, org;

EBE (1959—) .5 FUHWGE KRS TRERHE, ML
AT, B, ePE SR IR SRR B RERAR, A
HTHE;

HEB  (1945—) B HEB TR EFS 20 Fiti R, &
LR, W, SSRGS, TREEN, TIRENS.



http://www.cqvip.com

