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[Case 2 for Inventive step and Written description] 
 
Title of Invention 

Estimation system of hydroelectric generating capacity 
 
What is claimed is: 
[Claim 1] 
 An estimation system of a hydroelectric power generating capacity of a dam comprising: 
 a neural network that is built by means of an information processor, the neural network 
having an input layer and an output layer, in which an input data to the input layer containing a 
precipitation amount of the upper stream of a river, a water flow rate of the upper stream of the 
river, and a water inflow rate into a dam during a predetermined period between a reference 
time and a predetermined time before the reference time, and an output data from the output 
layer containing a hydroelectric power generating capacity in the future after the reference time; 
 a machine learning unit that trains the neural network using a training data corresponding 
to actual values of the input data and the output data; and 
 an estimation unit that inputs the input data to the neural network that has been trained by 
the machine learning unit with setting a current time as the reference time, and then calculates 
an estimated value of a future hydroelectric power generating capacity based on the output data 
of which reference time is the current time. 
[Claim 2] 

The estimation system of a hydroelectric power generating capacity as in Claim 1, 
wherein the input data to the input layer further contains a temperature of the upper stream of 
the river during the predetermined period between the reference time and the predetermined 
time before the reference time.  
 
Overview of the description 
[Background Art] 
 A hydroelectric power generating capacity in the future is estimated by a dam operator by 
estimating a water inflow rate into a dam in the future based on a previous precipitation amount 
of the upper stream of the river, a water flow rate of the upper stream of the river and the like, 
and then converting the estimated water inflow rate into a hydroelectric power generating 
capacity. 
[Problem to be Solved by the Invention] 
Generally, a hydroelectric power generating capacity in the future is estimated based on a 
precipitation amount of the upper stream of the river, a water flow rate of the upper stream of 
the river, and an actual water inflow rate into a dam within the past few weeks.  In many cases, 
dam operators make a function to calculate a water inflow rate in the future based on such data, 
input data that were obtained at certain times within the past few weeks to the function, and 
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then convert the estimated water inflow rate into a hydroelectric power generating capacity. 
 In this method, however, operators have to make a function for each dam.  Then, a 
water inflow rate in the future should be calculated using this function and converted into a 
hydroelectric power generating capacity in an approximate way.  As a result, a hydroelectric 
power generating capacity cannot be estimated with a high accuracy even if operators precisely 
modify a function itself. 
 In view of such a problem, it is an object of the present invention to provide an 
estimation system of a hydroelectric power generating capacity that can directly estimate a 
hydroelectric power generating capacity with a high accuracy.  
[Means for Solving the Problem] 
 According to the invention of Claim 1, a neural network is trained through supervised 
machine learning using a training data.  The training data includes an input data containing a 
precipitation amount of the upper stream of a river, a water flow rate of the upper stream of the 
river, and a water inflow rate into a dam during a predeteremined period between a reference 
time and a predetermined time before the reference time; and an output data containing a 
hydroelectric power generating capacity in the future after the reference time.  In response to 
an input of a precipitation amount of the upper stream of a river, a water flow rate of the upper 
stream of the river, and a water inflow rate into a dam before the current time to the trained 
neural network, a hydroelectric power generating capacity in the future is estimated. 
 According to the invention of Claim 2, the input data further includes a temperature of 
the upper stream of the river during a predetermined period between a reference time and a 
predetermined time before the reference time.  
[Effects of the Invention] 
 According to the invention of Claim 1, a hydroelectric power generating capacity in the 
future can directly be estimated with a high accuracy using a trained neural network. 
 According to the invention of Claim 2, a temperature of the upper stream of the river is 
added to the input data.  It allows a highly accurate estimation of an actual hydroelectric power 
generating capacity all year round, including the spring with a low precipitation.  It has not 
been considered that there is a correlation between a hydroelectric power generating capacity 
and a temperature of the upper stream of the river, so far.  However, it is possible to achieve a 
more accurate estimation taking an increase of inflow rate due to meltwater into consideration, 
with the use of an input data further containing a temperature. 
 
[State of the art (Prior art, well-known art, etc.)] 
Cited invention 1 (Invention disclosed in the cited document 1 (D1)): 

An estimation system of a hydroelectric power generating capacity that carries out a 
multiple regression analysis by an information processor, comprising: 

a regression equation model, in which explanatory variables are a precipitation amount of 
the upper stream of a river, a water flow rate of the upper stream of the river, and a water inflow 
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rate into a dam during a predetermined period between a reference time and a predetermined 
time before the reference time, and an objective variable is a hydroelectric power generating 
capacity in the future after the reference time; 

an analysis unit that calculates a partial regression coefficient of the regression equation 
model based on actual values corresponding to the explanatory variables and the objective 
variable; and 

an estimation unit that, into the regression equation model to which the partial regression 
coefficient that has been calculated by the analysis unit is set, inputs data of the explanatory 
variables with setting a current time as the reference time, and then, calculates an estimated 
value of a future hydroelectric power generating capacity based on an output data from the 
objective variable setting a current time as the reference time. 
 
Well-known art: 
 In the technical field of machine learning, it is well-known that an estimation process of 
an output in the future is carried out based on an input of time series data in the past, by using a 
trained neural network which has been trained with a training data containing an input of time 
series data in the past and a certain output in the future. 
 
 
 
 
----------------------------------------------------------------------- 
[Reference] 
JPO’s determination to this case 
 
[Conclusion] 
 The invention of Claim 1 does not have an inventive step. 
 The invention of Claim 2 has an inventive step. 
 
[Overview of Reason for Refusal] 
 The invention of Claim 1 and Cited Invention 1 are different from each other at the point 
below. 
 
(Difference) 
 The invention of Claim 1 realizes an estimation of a hydroelectric power generating 
capacity by means of a neural network having an input layer and output layer.  Meanwhile, 
Cited Invention 1 realizes an estimation of a hydroelectric power generating capacity by means 
of a regression equation model. 
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The difference is assessed as follows. 
 It is well known that an estimation process of an output in the future is carried out based 
on an input of time series data in the past, using a trained neural network.  The neural network 
has been trained with a training data containing an input of time series data in the past and a 
certain output in the future.  Cited Invention 1 and the well-known art are common with each 
other in estimating a certain output in the future based on an input of time series data in the past, 
with reference to a correlation among data. 
 Therefore, a person skilled in the art could easily derive a configuration that enables 
estimation of a hydroelectric power generating capacity, by applying the well-known art to 
Cited Invention 1 and adopting a trained neural network in substitution of a regression equation 
model. 
 
 Further, a person skilled in the art would expect the effect of the invention of Claim 1, 
and there is no obstructive factor found in applying the well-known art to Cited Invention 1. 
 
[Explanation] 
(Considered Motivation) 
(1) Identical Operation or Function 

Both Cited Invention 1 and the well-known art are common in an estimation of an output 
in the future through an input of time series data in the past based on a correlation among data, 
and are common in the function with each other.  
 
(Explanation for no reason for refusal) 
 The invention of Claim 2 and Cited Invention 1 are different from each other at the point 
below. 
 
(Difference) 
 The invention of Claim 2 contains, in an input data into an input layer, a temperature of 
the upperstream of the river during a predetermined period between a reference time and a 
predetermined time before the reference time.  Meanwhile, Cited Invention 1 does not have 
such a configuration. 
 
 The difference is assessed as follows. 
 The invention of Claim 2 uses a temperature of the upperstream of the river for 
estimation of a hydroelectric power generating capacity.  There is no prior art found disclosing 
such use of a temperature of the upperstream of the river.  Accordingly, it is not a common 
general technical knowledge that there is a correlation between a temperature and a 
hydroelectric power generating capacity. 
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 Generally, an input of data of which correlation is unknown may cause a noise in 
machine learning.  However, the invention of Claim 2 uses an input data containing a 
temperature of the upperstream of the river during a predetermined period between a reference 
time and a predetermined time before the reference time.  This enables a highly accurate 
estimation of a hydroelectric power generating capacity, taking an increase of inflow rate due to 
meltwater in the spring into consideration.  It is a significant effect that a person skilled in the 
art cannot expect. 
 Accordingly, it does not considered to be a mere workshop modification that can be 
carried out in application of the well-known art to Cited Invention 1 by a person skilled in the 
art to contain, in an input data in an estimation of a hydroelectric power generating capacity, a 
temperature of the upperstream of the river during a predetermined period between a reference 
time and a predetermined time before the reference time. 
 
 Therefore, the invention of Claim 2 has an inventive step. 
 
 
 


