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Sensor Data Fusion Using B-spline

Fuzzy Controller

Kyung-Soo Lee
School of Mechnical Engineering Graduate School

Pkyong National University, Busan, Korea

Abstract

The main object of this work is the development of an
intelligent multi-sensor integration and fusion model that
uses fuzzy inference system. Sensor data from different types
of sensors are integrated and fused together based on the
confidence which is not typically used in traditional data
fusion methods. The information is fed as input to a fuzzy
inference system(FIS). The output of the FIS is weights that
are assigned to the different sensor data reflecting the
confidence in the sensor’s behavior and performance. We

interpret a type of fuzzy inference system as an interpolator



of B-spline hypersurfaces. B-spline basis functions of
different orders are regarded as a class of membership
functions. This paper presents a model that fuses the data
from two different types of sensors and extract the shape of

object’s surface.
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Fig.17. The experimental setup
Table 1. System Spec
TRk A% A}k
21 %= -9-98, Delphi
PC Pentium II -450(256MB)
5.0
Frame
Meteor-2/4 standard 60field/s, 30frame/s
grabber
Camera SCC-420(%+4) 38%k FA
DSP TMS320C32 50MHz
Force sensor Bl. Autotec 10/100 10 gf / 20 gf-cm
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Fig.18. Simulation result. (a) Original B-spline MFs. (b) Input data(solid line)

and result(dash line)

i "

Fig.19. Simulation result. (a) Modified MFs. (b) Input data(solid line) and

result(dash line)

37



Zkel 714 HA 2P Pentium MMX-350Mhz PC

-32 7]EE ]

.

sk TMS

= ©A

ZAA

v

¢} TMS320C32 DSP

dlol B +=

o

BR
—_
110

oo

ol A2

5] &= =
553

2o Gie Y

S|
&

I
=

)

el

NI

ki3

7} Knolle] A A|

R

& o]de] B-2

Fig. 18. (a)

SF2=
=

448 B-=Zeel 714

3t

Aol A A A

o
= 2

19. (a)

'y

i

e =5 YeERY. Fig. 20.

YA
It

3 Ao} Fig.

WMol THE HolF

hyA
ar

A Aykel AA

S
=

R

A ol

=}, 3l Fig.22.+

= 5o

H o] F T},

i

38



0 - I
5 .-""-..- -H"\-\.HH
- o |
=, Py
u' R'“-h_ _.-""'
0w X ¥ o4 ¥ & WMo ow %K W
]
i)
i - |
H .
» T a
|]'.. E‘-H\-\""—\-\_ --f
[ . -
1]
<]
- 1
W
a]. .-.-.--__,_,_;—'—'_‘—\—\_\_\_\__\--\-hh
_,f’" e i
Y e
o 1l X X 4 1 2] | )] ¥®om
il I

Fig. 20. Experimental result by using difference B-function

(a) Original. (b)Modified. (c) Real surface curve

39




-~ e
— Wodied

i- ]
3

3

[

1 _

a

:

]

I |
{
|
|

0

w33 N & ¥ 8 N ¥ W oW
Samphing fime

Fig. 21. Experimental errors used different MFs. (a) Original MFs. (b)
Modified MFs

40



Crigrel
Muied
=l =
&4
B+
N
2
o
BT -
i
pu |
T
Wl
15t
n
£L
;

’ o ® % N 9 ® W W @
Sampleingtime

Fig. 22. Experimental squared errors used different MF's.

(a) Original MFs. (b) Modified MFs

41



el

BR
—_
110

ox
b
EE

Ton

-

.=

S

)

Zhang¥} A. Knollo] A|¢t3k 5] Aloj7]e] Aye} vl

=)

el

o

o] o]

=]
=

el

w_m
e
N

gelsty o= 2o

o)

TR
qr
<
ﬂl

K

)

~
110

T AUt

S}
=

A Ael

S

TR

22

il
il

EEY9 IF-

SENED

=

3}

8 Fofof

S

s el

S

4

5]

Sk
=

A<
A

)

2

(

bt
e

rvze)
T
&

;0D
qr
§

i
&+

42



g 4 gonw wHAE F4o] s,

(4) WAAE B F 9

%

o] AW ZRE

ay

il

oy

—=
o

)

pir
=\

i

[e]

A7rel o

RS

Fel Bl A

= vel As

= HA AR

Aol A

1ol Wstel] upe} AAZFo® A

2ey, 2

ko3
T

FUeh. ek 2}

37 23

Ao A el

A AL B-g5o

AAelM AE7He

7 <)

bt

S|

7} o)l Aol

B

ey
4r

& A

of o

43



[1]J.S.R. Jang, C. T. Sun and E. Mizutani, Neuro-Fuzzy and Soft
Computing NJ, Prentice-Hall, 1997.

[2]L. Wang, Adaptive Fuzzy Systems and Control, Prentice-Hall, NJ,
1994.

[3] E. H. Mamdani, “Twenty years of fuzzy control : experiences
gained and lessons learned”, IEEE International Conference on Fuzzy
Systems, pp. 339-344, 1993.

[4]T. Terano, K. Asai and M. Sugeno, Applied Fuzzy Systems, AP
Professional, Cambridge, MA, 1994,

[5]J. Yen, R. Langari and L.A. Zadeh, Industrial Applications of Fuzzy
Logic and Intelligent Systems, IEEE Press, New York, 1994. A.and
B.Author, "Paper Title" ICASE Journal, vol. 1. no. 1., pp. 123-126,
1996

[6]D. Driankov, H. Hellendoorn and R. Palm, “Some Research
Directions in Fuzzy Control, Ch. 11, 281-312, New York, Wiley, 1995.
[7]T. Takagi and M. Sugeno, “Fuzzy identification of systems and its

application to modeling and control”, IEEE Trans. System, Man

44



Cybernet. SMC-15(1) pp.116-132, 1985.

[8]L. H. Tsoukalas and R. E. Uhrig, Fuzzy and Neural Approaches in
Engineering, New York, Wiley, 1996.

[9]G. Farin and J. Kahmann, A survey of curve and surface methods in
CAGD, Computer Aided Geometric Des. 1, pp 1-60, 1984.

[10]J.-S.R. Jang, “ANFIS : Adaptive Network Based Fuzzy Inference
System”, IEEE Trans. System, Man Cybernet. 23 (3) pp. 665-685, 1993
[11]H. Bersini and G. Bontempi, “Now comes the time to defuzzify
neuro-fuzzy models”, Proc. FLINS Workshop on Intelligent Systems
and Soft computing for Nuclear Science and Industry, pp. 130-139,
1996.

[12]J. Zhang and A. Knoll, “Designing Fuzzy Controllers by rapid
learning”, Fuzzy Sets and Systems, Volume 101, Issue 2, pp. 287-301,
16 January 1999.

[13]+-9 &, “DSPu}~E] Al €] 22 TMS320C32 vl~E”, =&

OhmA}, 1999.

45



2

2

2}a)e)

|
)]
m
S Z
<
ol
Ll Rr 41

| X0 ,
NI
o |
o

R
i< =] )
ER s Wy
— w ) o < _lh_
Hﬂ_ o {0 ™ K - e =
= el = D g <
= o ® R o -
poss T 4 U o ol w2
- 5 03 2 o w L = oy 0
— N _I.I _|r I
w B noR ol @ o % o © = < m s
z O i LTI S S = @ il
s o iy o HO roxom 2 Al od RO
51 = o W 0 > P 5
CL—— - zr ] . X0 o ol K =
o = n0 . - 4 a0 = 2 = oll <D
U ~on ™ K = © = o T 2
o [t /gor 30 _ B ~ = Bl T <H
.8 = = = 3 = M =z oz
iofl n - m 1[{§ ™ S 0l =) - 7 <0 b0 =
= 5 B ol = : = o )
I W 2 r R0 A of = 20 i ©
- w22 w5 "R = w3 © D
oF o ol ™ N - I =) 30 = o0 m™ X0 R __.m 00
o o il o W 0 . w N u I =)
5 o " 5 4 W B o <z = 0 2 - ow om
_ M = = = 3 = = 3 7 U = M 0
ok N © Al PR ol gl ol 5 K = =~ <
- 5 = o ©° o D > 5o 0 o RTINS <
ke TR 5o o 3 J 7 ) Tf w0 = 57 M
N, mo o P 3 ¢ U w 5 Uk
x J B o0 3 Ul m w7 ® uo o = o 3
B oa woo D& sy X oo U @ o 0 o
. w o8 L =W R I A
L A L L - < Z 5 - ¥ o g ~
0 R = m 7 = il A o . < <0 - !
oK = 4 o0 w w2 - g © W 0 WU
_ o A O U < n 3 F ol o WK - =
nooou @ O R ™ i B D i W
{0 R Lo 5 = o wm my
L B K now r= iy
oF k Y
" S B iy
(S) -
TA



	표지
	목차
	초록
	1. 서론
	2. 퍼지 제어기
	2.1. 퍼지 이론의 개념
	2.2. B-스플라인 퍼지 모델

	3. 디지털 신호 처리기
	3.1. 디지털 신호 처리의 개념
	3.2. 하드웨어 구성
	3.3. 소프트웨어

	4. 센서 데이터 융합
	4.1. 센서 데이터 융합의 개념
	4.2. 힘 센서
	4.3. 비젼 센서 

	5. 시뮬레이션 및 실험 결과
	6. 결론
	참고문헌

