United States Patent

US006721718B2

(12) (10) Patent No.: US 6,721,718 B2
Ulyanov 45) Date of Patent: Apr. 13, 2004
(54) SYSTEM FOR INTELLIGENT CONTROL 5,943,660 A 8/1999 Yesildirek et al. ............ 706710
BASED ON SOFT COMPUTING 5971579 A 10/1999 Kim
(75) Inventor: Sergei V. Ulyanov, Crema (IT) OTHER PUBLICATIONS
) ) . Bose Bimal K., (1994). “Expert System, Fuzzy Logic, and
(73) Assignee: Yamaha Hatsudoki Kabushiki Kaisha, Neural Network Applications in Power Electric and Motion
Shizuoka (JP) Control”, Processing of the IEEE, vol. 82, No. 8, pp.
) ) o ) 1303-1323.
(*) Notice: Subject to any disclaimer, the term of this Chen, Jen—Yang, “An Integration Design Approach in PID
patent is extended or adjusted under 35 Controller,” IEEE, 1999, pp. 901-907.
U.S.C. 154(b) by 0 days. Dote, Y., “Real Time Nonlinear Learning Control for robotic
Manipulator Using Novel Fuzzy Neural Network,” IEEE
(21) Appl. No.: 10/190,322 International Conference on System, Man, and Cybemetics,
Oct. 1998.
(22) Filed: Jul. 2, 2002 Tanaka, et al., “A Mobile Robot Service Use: Behavior
’ . Lo Simulation. System and Intelligent Control,” IEEE Proceed-
(65) Prior Publication Data ings of the International Conference on Intelligent Robots
US 2003/0093392 A1 May 15, 2003 and Systems, Sep. 1997.
Tsai, Chin—Yin, et al., “Design of Lyapunov Function Based
Related U.S. Application Data Fuzzy Logic Controller,” IEEE, 1996, pp. 396—401.
(63) Continuation of application No. 09/177,466, filed on Oct. * cited by examiner
22, 1998, now Pat. No. 6,415,272. . . .
_ . Primary Examiner—George B. Davis
(51) Imt. CL7 o GO6F 15/18 (74) Attorney, Agent, or Firm—Knobbe, Martens, Olson &
(52) US.Cl e 706/2 Bear LLP
58) Field of Search ............................ 706/2, 10, 13, _
(%) Field of Sear ! 706903 7 ABSTRACT
_ Ref Cited A reduced control system suitable for control of a nonlinear
(50) eferences Cite or unstable plant is described. The reduced control system is
U.S. PATENT DOCUMENTS conﬁgu.rcd to usc a reduced sensor sct for. controlling the
plant without significant loss of control quality (accuracy) as
5,111,531 A * 5/1992 Grayson et al. .............. 706/23 compared to an optimal control system with an optimum
5,142,877 A 9/1992 Shimizu ........ e 62/129 sensor sel. The control system calculates the information
5,159,660 A 10/1992 Tuetal .ocvciriiccnenncee 706/23 content provided by the reduced sensor set as compared to
5,204,718 A 41993 MOrifa. ocovveveccerseicns 399/74 the information content provided by the optimum set. The
5214,576 A * 5/1993 Tanietal .............. 700/42 1 1 leul he “diff b h
5268835 A 12/1993 Miyagaki el al. oo 70031 control system also calculates the difference between the
5785377 A 2/1994 Sugasaka el al. ............ 700/47 entropy production rate of the plant and the entropy pro-
523052230 A * 4/1994 Matsumoto et al. ........ 700/287 duction rate of the controller. A genetic optimizer is used to
5,324,069 A 6/1994 Ogawa ................ .. 701737 tune a fuzzy neural network in the reduced controller. A
5,367,612 A * 11/1994 Bozich et al. . ... 706/903 fitness function for the genetic optimizer provides optimum
5372,015 A 12/1994 Suzuki et al. .. - 62/228.4 control accuracy in the reduced control system by minimiz-
2;33}1,2% 2 13 }ggg gwata - ;ggﬁg ing the difference in entropy production while maximizing
5,471 an ... : :
740324 A * 471998 Mathur et al. o 706,16 the sensor information content.
5,815,198 A 9/1998 Vachtsevanos et al. ....... 348/88
5,877,954 A 3/1999 Klimasauskas et al. ....... 700/29 15 Claims, 10 Drawing Sheets
219 215
'Y/ ‘/,
218 216 212 i
§ 2 1
wr | oo K GA ds (d& ‘di\ i
22\0 /; B fomin & .\ dt at  a %




