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Abstract. obtaining to the method with the least prediction error is one of the challenging 

issues of financial and investment markets analyzers. In high frequency trading strategies 

predicting the most accurate price of the securities is the only way to benefit from the 

markets.  This paper presents a new approach to set the functional parameters of the Kalman 

filter, dynamically according to the market environment changing with respect to the 

technical analysis indexes, the parameter Q  is measured by simple artificial neural network. 

And feed to the EKF algorithm to predict the next price for the securities. The method is 

experimented on the securities of the Iran stock exchange market to show its desirability in 

short-term prediction.  

  

 

1. Introduction 

Today’s, investing in stock is an important part of society and economy, in the other hand, 

stock price volatility in the all stock exchanges is commonplace. Stock prices affected by 

external and internal factors like political, economic and etc, so the stock price prediction for 

capitalists is very important to be able to return most of their investment will earn (Francis, 

J.C,1972).  

    Meanwhile, given the unavailability of accurate information about the factors affecting 

stock market fluctuations and of unknown factors affecting stock price changes, due on 

bringing people to predict price changes by the companies but this simply not possible.  

     Generally there are two viewpoints of analyzing: Technical analysts and fundamental 

analysts (Pring, Martin J.,1998). Technical analysts can calculate the intrinsic value of stock. 

They believe that the market has undergone a pseudo psychological mode and history is 

always repeatable and patterns at any time cause reputation of trends of price. Therefore by 

studying the past trend, the future could be predicted (Fugence,F. Fama.,1970). But in terms 

of fundamental analysts, the stock market has no memory and prices are changed randomly. 

    As noted, the main purpose of technical analysis is predicting trends of stock price. 

However, predictions are often not correct and have some errors that the rate decreases with 

increasing of information. The other comment which was raised said: technical analysis based 

on the weak principles. For example, the expectation that some of historical patterns of the 

securities prices will be repeated in the future may not necessarily occurs, because market 

conditions will change over time (Donald B., Keim.,1983). 

http://www.facebook.com/pages/Do%C4%9Fu-Akdeniz-%C3%9Cniversitesi/233353630030774
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Also, according to the new strategies of trading like high frequency trading, the sequence of 

trading and characteristics of the market is changing quickly, so there must be very accurate, 

sharp and smart method of anticipation which should be swift conformity to the market 

environment to predict the minuscule changes precisely in short-term positions for no miss of 

opportunities (López de Prado, Marcos M.,2011). 

Many methods in time series models used for predicting the prices (Todd F., M.. Correa, 

A.,2007). But, as mentioned previously, one of the effective method is, predictive model, 

named Kalman filter which simultaneously fuses information of technical and fundamental 

analysis presented to forecast the price in the stock exchange markets (H. Haleh, and others, 

2011) And extended version of Kalman filter is appropriate for the nonlinear systems (Qi, M. 

& G.S. Maddala,1999). 

But, one of the challenging issues of using extended Kalman filter (from the time series 

family) is, how to initiate or set its parameters like Q, R and P- for more efficiency of the 

predictions. Some do that with statistical methods, some set them practically, and in most of 

the applications, they are constant (McMillan, D. G.,2001). But they should be variable 

because the financial and economic series characteristics used for the stock markets 

environments are “high frequency” which means that the conditional variances of the process 

is not constant over the time and they consists of daily weekly and intraday observations 

(Aldridge, Irene,2010).  

Technical Analysis indexes like: RSI, %K, MACD _ because of rich information about the 

trends of the prices_ are the appropriate parameters that can be used for showing the dynamic 

environmental changes.  

This paper introduces how to use technical analysis indexes, to calculate the EKF parameters 

effectively for all kinds of the securities in the stock exchange markets, without any need to 

manually initiate the parameters for each one. 

Then as a real test, the model implemented for the securities of some of industrial companies 

in Iran. Finally, the obtained results will be compared with constant initiating method result to 

shows its desirability in short-term predictions. 

 

 

2. Extended Kalman Filter 

Kalman filter is created from the name Rudolf E. Kalman in an article which was published in 

1960 that presents recursive solution to filter the linear discrete data (Kalman,R.E,1960). 

Kalman filter actually is a set of mathematical equations that is type of optimally estimator, 

predictor and corrector which sensibly minimizes the estimation error covariance 

(Maybeck,P.,1979). This filter is effective for normal distributed data (Welch, G., 

Bishop,G.,2001). So the first step is to prove the normal distribution of the prices in the 

market, according to the standard tests the changing of the prices are normally distributed 

(Namazi. M; Z. Shoushtarian;1996). 
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Fig1. Normal distribution of the price in market 

 

Kalman filter is trying to understand the general issues which are to estimate the state of 
nRX   discrete-time control process that has linear differential function. Now what 

happens if a process that should be estimated and (or) relationship with the measurement 

process is nonlinear? Many successful and interesting applications in the Kalman Filter are in 

these conditions. The Kalman filter that linear mean and covariance of states is known 

extended Kalman filter (EKF) (Haykin, Simon, 2001). 

 Assume that the process has 
nRX   state vector. and process given with a nonlinear random 

differential equation. 

),,( 111  kkkk wuxfx
                   (1) 

By measurement 
mRz  in which:  

                                           
),( kkk vxhz 

                                 (2) 

Where the random variable kw
 and kv

represents the process and measurement noise. In this 

equation, nonlinear function of  
f

  in the differential equation 1 related to the state in the 

previous time step to current time k .These are also include function parameters ku
 and  zero 

mean noise process ( kw
). Nonlinear function h  in measurement equation 2 is related to the 

state kx
to the measurement kz

( Huang , Shian-Chang,2008). 
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As mentioned in the previously the Kalman filter performance need the use of parameters 

like
Q

, R , kW
and kV

. These parameters are always set practically. Now let’s calculate the 

statistical parameters by using available data. 
Q

 Is covariance of process noise. To calculate 

Q
 according to the parameters definition, an interval stock price changes should be 

calculated. For this purpose, in a specified period (one year) change in stock price is 

calculated by the formula [16]. 

                                      
(n))((n)ei ihnprice 

                        (6) 

                                      
)( ieVarQ 

        (Statistically)               (7) 

3. Technical Analysis Indexes  

   In this section there will be announced some of the technical indexes which are used in the 

stock market analysis (William L.Jiler,1990).   

Technical indexes will show the trends of the price in the short-term and mid-term periods. 

Like RSI, this is criterion for measuring the speed of the price changes. 

  RS
RSI




1

100
100

                             (8) 

(, where RS is the daily ratio of average closing increasing price to average closing decreasing 

price in the same period.) 

If RSI reach to less than 30, this is the sign that the stock price will reach to the floor price in 

the near future and increase the possibility of price growth. Or if the RSI exceed the 70, this 

shows that there will be a ceiling price for the securities in the near future and increase the 

possibility of price reduction. 

 

 

Fig2. 14 day’s RSI  

MACD is the other method of technical analyzing which is from the oscillator’s family. Any 

divergence between price chart and MACD chart shows the inverse in the trend of the prices 

in the near future (H.Panahian,2011). 
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                                             Fig3. 5-Day and 20-Day MACD chart 

 

4. Technical Analysis indicators in EKF parameter setting 

   These parameters can give to the analyzing system a good knowledge of the market 

environment. In this application RSI, MACD values will be used for setting the Q parameter. 

Q
in Kalman filter is a parameter which shows the process error variance. Q is calculated 

statistically by using available data. This parameter is always set practically and constant. But 

what makes the EKF adaptive for all the stock market conditions all the time is how it can 

change its status of forecasting. One of them is setting Q parameter that recognizes the 

changing of the prices in the next periods. 

As noted, technical indexes like RSI, MACD can show the trends of the price changing in the 

near future, and Q will affect the forecasting price in the future market price environmental. 

So we find a nonlinear relation function between RSI index value and price changing as 

below to use it for setting Q.  

But according to the nonlinear relation, a type of artificial neural networks which is called 

generalized regression neural network designed to estimate the changing rates. The network 

was designed with MATLAB neural network tool.  

To improve neural network’s capabilities, a compound of technical and fundamental factors 

related to the market environment is used as inputs over different time period [18].  The 

fundamental index which affects on the price of the securities is the market return rate. This is 

another environmental variable which affect on the changing of the securities price. This is 

related to the parameter called β. If the β coefficient of the asset was more than 1 then the 

fluctuations of the return rate will be very dependent to the market return rate and if it was 

less than 1 then the relation is reverse. The relation is shown in the below equation: 

            
)(

),cov(
2

m

mi

i
r

rr


 

                    (9) 

 (Where ri is return of the securities and rm is the return of the market.) 

The other fundamental parameter which affects to the prices in the market environment is the 

total index market (TIM); this parameter shows the trading index of the market. In Tehran 

Stock market it is called TEPIX. 
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The network trained by supervised method of learning with the result of equations 6 and 7 in 

170 episodes. 

 

 

    Fig4. Designed neural network for estimating Q with respect to RSI, MACD, β and Price 

 

 

                                          Fig5. Relation between dynamic Q and RSI by ANN 

After learning, the Q is generated in each market situation according to the technical indexes 

by the time of prediction and then feed to the EKF model for exploring the next price of the 

securities in the next trade. The experiments were done on the securities of Iran stock 

exchange Market to show the efficiency of the method. 
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                              Fig6. Result of Q estimation with ANN while training the network 

 

                                  

                              Fig7. Stock price prediction   

 

5. Conclusions 

    Extended Kalman filter is one of time series family forecasting method. According to the 

variable condition and high frequency fluctuations in the financial markets, for efficient 

forecasting, it is essential to obtain a good knowledge of the market environment.  This paper 

tries to forecast the securities price with EKF model which dynamically set the Q parameter 

according to the technical analysis indexes. This is done by using an artificial neural network 

to find a relation between RSI, MACD and β with the continuous changing of the market 

environment which leads to efficient forecasting. Table 1 shows the comparison result by 

MSE and MAE criteria’s for two types of constant and dynamic Q, using in different and 

sequential prediction of EKF model in stock exchange. 
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Table1. Error comparison with different Q’s 

MAE MSE EKF Predict with 

156.76 25.9 Constant Q 

110.43 20.3 Dynamic Q with ANN 

 

 

References: 
 

Francis, J.C., “Investment: Analysis and management”,New York, 1972, McGraw-Hill. 

Pring, Martin J. “Introduction to Technical Analysis;”, Mc Grow Hill.1998. 

 

Fugence,F. Fama.,” Efficient Capital Market: A Review of Theory and Enprical Work”, The       
Journal of Finance, No.2, May1970, PP.383-417. 

Donald B., Keim.,” Size-Related Anomalies and Stock Return Seasonality: Further Empirical 
Evidence”, Journal of Financial Economics 12 , 1983. 

 

López de Prado, Marcos M., "Advances in High Frequency Strategies”, Complutense 
University Doctoral Thesis (published), December 2011, , retrieved 2012-01-08 

Todd F., M.. Correa, A..,”Gaussian Process Regression Models for Predicting Stock Trends”, 
MIT technical report , 2007. 

 

H. Haleh, B. Akbari Moghaddam, and S. Ebrahimijam , “A New Approach to Forecasting 
Stock Price with EKF Data Fusion”, International journal of Trade, Economic and 
finance(IJTEF), Vol.2, No. 2, April, 2011.PP: 109-114, ISSN:2010-023X. 

            

Qi, M. & G.S. Maddala, “Economic Factors and The Stock Market: A New Perspective;”, 
Journal of Forecasting18, pp: 151-166. 1999. 

 

McMillan, D. G. ‘Non-Linear Predictability of Stock Market Returns: Evidence from Non-
Parametric and Threshold Models’, International Review of Economics and Finance, Vol.10, 
pp. 353-368.  2001. 

 

Aldridge, Irene, “High-frequency trading : a practical guide to algorithmic strategies and 
trading”, John Wiley & Sons 2010,  ISBN 978-0-470-56376-2. 

 

Kalman,R.E,“A New Approach to Linear Filtering and Prediction Problems”, Transaction of 
the ASME-Journal of Basic Engineering (series D):pp: 35-45. 1960 . 

 

S.Maybeck,P.”Stochastic models, estimation and control”, Harcourt Brace Jovanovich 
Publisher , Academiv Press. 1979. 

 

Welch, G., Bishop,G. ”An Introduction to the Kalman filetr”. by ACM, Inc. 2001.  

Namazi. M; Z. Shoushtarian; “A Review of Test on the weak form of Efficient market 
hypothesis”;  Journal of Financial Research; Vol. 13; No 11 and 12,1996. 

 

Haykin, Simon, ”Kalman Filtering And  Neural Networks”, AWiley&Science 
Publication,2001,  ISBN 0-471-36998-5. 

 

http://www.lulu.com/browse/search.php?fSearchData%5Bauthor%5D=Marcos+L%C3%B3pez+de+Prado&fSearchData%5Blang_code%5D=all&fSort=salesRankEver_asc&showingSubPanels=advancedSearchPanel_title_creator
http://home.comcast.net/~lemavia/HFT_thesis.htm


American Academic & Scholarly Research Journal                                    aasrj 
 ISSN 2162-3228                                                                    Vol 9, No 1, JAN 2017 
_______________________________________________________________ 

 

19 

 

Huang , Shian-Chang, “Online option price forecasting by using unscented Kalman filters and 
support vector machines”, Journal of Expert Systems with Applications 34 , 2008,  2819–
2825. 

 

William L.Jiler, “How charts can help you in the stock market”, Fraser Publishing Co., 1990. 

 

H.Panahian,” Stock Price Prediction by Artificial Neural Networks: A Study of Tehran’s 
Stock Exchange (T.S.E)”, American Journal of Scientific Research , ISSN 1450-223X Issue 
18(2011), pp.35-51. 


