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Abstract - In this paper, We summarize fuzzy neural 
network’s research actuality, development tide and application 
field. expound basic conception of fuzzy logic system, artificial 
neural and fuzzy neural network; set up a normal fumy neural 
network model and study algorithm aim at actual problem, the 
node number of fuzzy layer, normal layer and rule layer is 
computable if the model has assured input and output pattern 
and fuzzy layer’s subject function, and the model has good 
applicability to export express and pattern identification. The 
Combination model is applied to synthetic integration of 
forecasted rainfall data produced by gradual regression method, 
periodic analysis plus multi-layer method and model output 
statistics method. The model is trained by short-term rainfall 
data of Zhejiang province from 1980 to 1997. The synthetic 
integration (forecast) results from 1998 to 2000 show that the 
presented model can obtain satisfactory forecast performance. 

Index Term - NeuraI nemork, Funy Iogic, funy  neuraI 
network, Synthetic integration , MeteoroIogical forecasl 

I. INTRODUCTION 

The increasing demand for more exact and in. time 
meteorological forecast and growing dependency of the 
economy and population life upon the weather and natural 
environment conditions necessitate continuous improvement 
of meteorological forecasting technologies. Meteorological 
forecast is a very complicated task with characteristics of 
fuzziness and non-linearity and is a complex learning process. 
In order to improve forecast performance, neural networks 
and fuzzy logic technology are introduced to meteorological 
forecast [’,*’, and have widely been adopted in the research of 
rainfall In this paper: based on neural networks 
and fuzzy logic, a new kind of .combination model is 
presented for the synthetic integration of rainfall forecasted 

‘ data produced by gradual regression method, periodic analysis 
plus multi-layer method and MOS (Model Output Statistics) 
method. Synthetic integration experiment results show that the 
presented combination model can effectively integrate 
forecasted data to obtain more exact rainfall forecast. 

11. COMBINATION METHODS OF NEURALNETWORK AND 
FUZZY LOGIC 

Neural networks are in nature fuzzy and differ from 
traditional information process methods in two aspects: first, 
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combine neural networks and fuzzy logic systems. The 
followings are some popular combination methods: 

(I)  Using fuzzy logic operations “and” and “or” to replace 
Sigmoid function in neural networks; 
(2) Adopting fuzzy weights in the neural networks; 
(3) Using fuvy input data in the neural networks input layer; 
(4) Using both fuzzy weights and fuzzy input data. 
(5) Combination of above methods. 

Researches on combination of neural networks and 
fuzzy logic systems have led to the emergence of so-called 
neurofwzy systems. 

111. A COMBMATION MODEL OF NEURAL NETWORKS AND 
FUZZY SYSTEMS 

In this section, a novel combination model of neural 
network and fuzzy logic system is presented. Where the fuzzy 
logic function is fused with node function of neural network. 
The presented combination model is shown in Fig.1, which is 
composed of four layers: input layer, membership function 
constructing layer, inference layer, and defuzzification layer. 
The structure of the model is a standard multi-layered feed 
forward network, but nodes of the model work according to 
fuzzy logic function. 
A .  
The membership function of each node in the fuzzy neural 
network combination model is constructed as: 
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Fig.] Fuzzy neural nehvork combination model 

where, fl  i j  is the degree of membership function 
corresponding node ij, mi,, and 6 i j  are’parameters that can 
be trained, respectively. 

product of all &puts into this node. That is: ’ ,  

Inference results, outputs of the inference nodes, are a 

fj (2) 

y ’ =  2 wix i  (3) 

x ;  = p 1 ;  0 p Z i ” ‘  0 pn; = 

The output of the combination model output layer 
node, defuzzification result, is defined.as a linear weighted 
sum of all inputs to this node: 

. , = I  

r 

j = l  

where wi is thd weight that will be trained in the neural 
network training process. 
B. Neural network learning scheme ’ 

The popular error back-propagation tr’aining algorithm 
is adopted as the leaming ‘strategy to train and adjust the 
pToposed combination model with making cost function 
E P = i ( Y  - Y)’minimum, the adjusting scheme of mi  
6 ij and wj are obtained , ,  

where 7 is the learning rate, Y is the real output of the neural 
network and y is the desired value, i.e. teacher signal. 

IV. SYNTHE’IlC INTEGRATION OF RAINFALL 

The presented combination model now is applied to 
integrate rainfall forecasted by GRM (Gradual Regression) 
method, PAM (Periodic Analysis plus Multi-layer) method 
and MOS (Model Output Statistics) method for short-term 
rainfall of Zhejiang province, China. Where there are three 
input data, so the combination model parameter m=n=3. 
The 18 sets of forecasted data and real data of rainfall kom 
May to September of 1980 to 1997, shown in Table 2, are 
used to train the presented combination model. 
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Before training the proposed model, there are two 
preliminary works. First, data used to train the model are 
standardized as values between 0 and 1 for accelerating 
convergence rate of the neural network. So all forecasted data 
is divided by a historical maximum value among three type 
forecasted data. Second initial values of mu, Goand wi have to 
be assigned before starting the training process. Where initial 
value of m, is assigned to the mean of 18 forecast data. Initial 
values of G,and wj are both assigned as 1. Learning rate q is 
chosen to be 0.00005. Training ending condition is defined as 

After 1000 times training operation the neural network 
reaches convergence state. The real outputs of the model are 
shown in the SIM column of Table 2. It indicates that the 
integrated results are more closed ,to real rainfall. 

The trained combination model is then used to integrate 
forecasted rainfall data obtained from GRM, PAM and MOS 
before real rainfall data.obtained. Synthetic integration results 
are demonstrated in Fig.2. It is shown obviously that the 
accuracy of. synthetic integration method exceeds any one’s 
result of GRM, PAM and MOS. 
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TABLE 2 RAMFALL FROM MAY TO SEPTEMBER 

GRM PAM MOS SIM Real 
,. * i Ci:i 

1980 I 733.43 I 841.44 I 787.44 ~~#t%%W~ .. ,. :.>> 745.00 
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Fig.2 Synthetic integration results 

V. CONCLUSION 

In this paper, the characteristics of neural netyorks and 
fuzzy logic systems have been shortly compared. Some 
popular combination methods of fuzzy logic and neural 
networks are briefly described. A new combination model that 
fuses neural network and fuzzy logic is proposed and it is 
adopted for synthetic integration of rainfall of forecasted 
rainfall data produced by gradual regression method, periodic 
analysis plus multi-layer method and MOS method. The 
characteristics of the new model are simple in computation 
and making every layers of the network with physical 
meaning. Experimental results show that the proposed 
combination model has more satisfactory forecast 
performance than traditional forecast methods. The presented 
combination model is a new try to combine neural networks 
and fuzzy logic system. The property of this combination 
model will be discussed in future research. 
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