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Spatial fuzzy modeling for spatial parameter system
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Abstract: A new fuzzy modeling method is proposed for spatial parameter systems. First, On the basis of the 3-D fuzzy

set, we propose an improved spatial fuzzy set consisting of a traditional fuzzy set and an additional dimension for spatial

information. On the spatial axis, the traditional fuzzy membership function is extended along the spatial physical variation

curve of the input variables, thus, the spatial variation of the input variable is described by the continuous variation of the

membership function. Secondly, on the basis of the spatial fuzzy set, we make use of the spatial Mamdani fuzzy modeling

format to develop a modeling method for building the fuzzy model of the spatial parameter system. The simulation verifies

the effectiveness of this method.
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2 (Problem formulation)
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3 (Spatial fuzzy set)
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Fig. 1 A spatial fuzzy set
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2 3-D

Fig. 2 The comparison of 3-D fuzzy set and spatial fuzzy set
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4 (Fuzzy mod-

eling based on spatial fuzzy set)
4.1 (Spatial fuzzy logic sys-

tem)
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3

Fig. 3 The structure of spatial fuzzy logical system

, :

R̄l : If x1(z, t − d1) is C̄ l
1 and · · ·

and xi(z, t − di) is C̄ l
i · · ·

and xJ(z, t − dJ) is C̄ l
J ,

Then y is Ḡl,

(2)

: R̄l(l = 1, 2, · · · , L) l , L

; xj(z)(j = 1, · · · , J) ; C̄ l
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ĀXj

,

:⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩
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4.2 (Spatial fuzzy modeling)
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5 : (Case

study: A cross-flow heat exchanger)
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Tst(t) = 70 , 5 .
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Fig. 4 Steam heated heat exchanger

5 T

Fig. 5 Initial steady state of temperature
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PDE (10)(11) . :

T (z, t + 1) = f(Ts(z, t), Ts(z, t − 1)). (12)

Δz = 0.01, Δt = 0.001. ε = 0.03,
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Fig. 6 spatial fuzzy set for the process
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Table 1 Fuzzy rule base

Ts(z, t)
T (z, t + 1)

NB NS ZE PS PB

NB NB NB NB NS ZE

NS NB NB NS ZE PS

Ts(z, t − 1) ZE NB NS ZE PS PB

PS NS ZE PS PB PB

PB ZE PS PB PB PB

. 7

, 8 , 9 ,

x = 0.3 10 .

7

Fig. 7 The real output

8

Fig. 8 Model predict output

9

Fig. 9 The modeling error

10 x = 0.3

Fig. 10 The modeling error at x = 0.3
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PDE —–K-L [11] ,
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Table 2 The results of modeling

K-L

RMSE 0.0287 2.8095

MAPE 0.062497% 2.5767%

RMSE 0.2285×10−4 0.4372×10−3

MAPE 0.003794% 0.16841%

, K-L

—–

, 2 11, 12 .

11

Fig. 11 The modeling error

12 x = 0.8

Fig. 12 The modeling error at x = 0.8

, K-L ,

, ,

.

6 (Conclusion)
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