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Abstract - Stock Market Volume is the quantity of shares or contracts traded in a stock market or a security amid a given 
timeframe. Anomaly identification is a significant information digging procedure for recognizing irregular patterns in time 
series data. There are several factors that make anomaly detection of multivariate time series more complicated. The investor 
needs to know the anomalies on stock market for efficient trading. The present work focuses on the detection of anomalies in 
the stock market volumes using multivariate Gaussian distribution. This work performs a comparative study of the anomalies 
of the companies listed in both BSE SENSEX and NIFTY 50 from ten different sectors for a selected time frame.Based on 
Average Price and Average Stock Volume, it was observed that BSE showed more anomalies compared to NSE for the case 
under consideration. The detection of the anomalies show significant but rare events, which can lead to apprehension in the 
investors’ mind. Also it is possible that the investor may use the anomalies for his advantage by exploiting the anomalies to 
earn superior returns. 
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I. INTRODUCTION 
 
Anomalies are occurrences when the result obtained 
under a given set of assumptions is different from the 
result expected.These are referred to as patterns in the 
data that do not conform to a well-defined 
characteristic of normal behaviour (Mohiuddin et al., 
2016).Anomaly detectionrefers to the problem of 
identifying patterns in data that do not conform to 
expected behaviour (Chandola et al., 2009). These 
inconsistent patterns are referred as anomalies, 
outliers, discordant observations, exceptions, 
aberrations, surprises, peculiarities or contaminants in 
different application domains. These abnormalities 
happen intermittently yet may be an indicative of 
extensive and genuine risk, for example, digital 
interruptions or extortion. Anomalies are crucial 
because they represent serious but exceptional events, 
and they can stimulate severe actions to be taken in a 
broad range of application regions. They can lead to 
stock market crashes. So it is very necessary to detect 
anomalies on stock market volumes for efficient 
trading. 
There are several factors that make anomaly detection 
of multivariate time series more complicated. The 
first difficulty arises because of the lack of a concise 
and operational anomaly definition. Unusual points 
(exhibiting too high or too low values) and 
unexpected subsequence appearing in univariate time 
series can be considered as anomaly.Multivariate 
techniques do not only deal with the abnormal values 
or subsequence in each time series but also 
investigate the relationships among these variables. 
Stock Market Volume isthe quantity of shares or 
contracts traded in a stock market or a security amid a 
given timeframe.In financial markets, anomaliesrefer 

to situations when a security or group of securities 
performs contrary to the notion of efficient markets, 
where security prices are said to reflect all available 
information at any point in time (Archana et al., 
2014). Stock market anomaly is defined as an unusual 
pattern of stock returns that exist within the stock 
markets (Sahar et al., 2012). The present work 
focuses on the detection of anomalies in stock market 
using Bivariate Gaussian Distribution. Daily data of 
stocks of companies listed in both BSE SENSEX and 
NIFTY 50 are analysed for a time frame of six 
months for the detection of anomalies on Average 
Price and Average Volume. The companies selected 
were classified into ten different sectors – 
automobile, banking/finance, construction, consumer 
goods, energy, Information Technology, Metals, 
Shipping, Pharmaceuticals, and 
Telecommunications.The mean, variance, covariance 
and correlation coefficient of each company have 
been found out and applied to the probability density 
function of Bivariate Gaussian distribution.  The 
outlier score of each data point is also found out. A 
generalized threshold value is used, where any value 
of the outlier score greater than the threshold value, is 
labelled as an anomaly. 
 
II. LITERATURE REVIEW 
 
Mohiuddin et al. (2016) presented a broad analysis of 
four major classes of outlier detection strategies 
which comprises of clustering, statistical, 
classification, and information theory and discussed 
about research challenges with the datasets utilized to 
organize interruption location. Atkinson et al. (2003) 
described the outlier detection techniques on 
univariate and multivariate data focusing on Gaussian 
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distribution and Mahalanobis distance. Naila et al. 
(2016) proposed a two stage semi supervised 
statistical approach for outlier detection in an 
intrusion dataset. The work focused on building a 
probabilistic model of normal points and the deviated 
points were labelled as anomalies based on a 
threshold value which had been deduced from 
Maximum Likelihood function. Deutsch et al. (2011) 
aimed in plotting, finding anomalies and checking the 
bivariate distributions of multiple Gaussian data on 
geostatistical models.  The data is assumed to be in 
normal distribution and not checked due to the 
difficulty in constructing a true statistical test. 
 
III. MULTIVARIATE TIME SERIES 
ANOMALY DETECTION-AN OVERVIEW 
 
Anomaly detection techniques can be classified into 
univariate and multivariate, based on the number of 
variables involved. For detecting anomalies in 1-D 
time series data, there are so many techniques. But 
univariate anomaly detection techniques cannot 
provide the correlation and inner-relationship 
between the variables in the data. This interaction 
between the involved variables is very important in 
understanding the change of state which may turn out 
to be anomalies. Therefore multivariate anomaly 
detection techniques can be used in such cases. 
Multivariate anomaly detection techniques can be 
classified into two- statistical approaches and neural 
network based approaches. The statistical approaches 
include probabilistic/Gaussian Mixture Modeling 
(GMM), Hidden Markov Models, hypothesis testing 
and clustering techniques. Among neural network 
based approaches, principally Support Vector 
Machines (SVM), Adaptive Resonance Theory 
(ART) approaches, and Self- Organizing Maps 
(SOM) approaches. Statistics based anomaly 
detection techniques are very promising in identifying 
anomalies from multi-dimensional data of complex 
industrial system as well as implicating responsible 
variables that cause the anomaly. 
Consider a time series T = t1, t2, t3,…..tn which is an 
ordered sequence of real-valued measurements of 
stock market data taken. A multivariate time series S 
= f(T) is a collection of time series that corresponds 
to the measurements of ‘n’ real-valued variables 
spanning the same time interval.  The objective of 
anomaly detection in multivariate time series is to 
find the timestamps at which the measurement values 
for one or more variables in Sdeviate significantly 
from their normal behaviour (Haibin et al., 2017). 
The normal behaviour represents the expected value 
of a time series based on its historical changes as well 
as its relationship to other time series in S. 
Multivariate time series anomaly detection can also 
be classified on the basis of the type of anomalies 
found. 
Gaussian distribution is a statistical anomaly 
detection method with fundamental principle as ‘An 

anomaly is an observation which is suspected of 
being partially or wholly irrelevant because it is not 
generated by the stochastic model assumed’ 
(Chandola et al., 2009). Statistical anomaly detection 
methods have a basic assumption – ‘Normal data 
instances occur in high probability regions of a 
stochastic model, while anomalies occur in the low 
probability regions of the stochastic model’. 
Statistical techniques fit a statistical model to the data 
to be analysed and then apply a statistical inference 
test to decide whether a point is anomalous or not. 
Points that have a low probability value based on the 
applied test statistic, are labelled as anomalies. 
Multivariate Gaussian distribution is a statistical 
probabilistic model which gives the probability of 
each point in the data set. 
 
1. Multivariate Gaussian distribution 
Multivariate Gaussian distribution is a statistical 
technique for the detection of anomalies in a data set 
with more than two variables (Atkinson et al., 2003). 
The probability density function of a multivariate 
Gaussian distribution is: 
 
푃(푦 ;휇,Ʃ) =  (2휋) |Ʃ|  푒푥푝 −(푦 −

휇) Ʃ (푦 − 휇)
2   (1) 

 
where휇 is the mean and Ʃ is the variance covariance 
matrix. The distribution can be written as y ~ N(휇,Ʃ) 
where 휇 € Rn and Ʃ € Rnxn (covariance matrix). |Ʃ| is 
the determinant of Ʃ. The probability of each data 
instance is the probability density function of the 
whole data. Normal data instances occur in the high 
probability regions of the stochastic model and 
anomalous instances occur in the low probability 
regions. A threshold value is considered and if the 
probability of a data point is less than the threshold 
value, then that point is considered an anomaly. 
Since we consider only two variables for anomaly 
detection, bivariate Gaussian distribution can be used. 
Here n=2,|Ʃ| = σ σ (1− ρ ). 
 
2. Bivariate Gaussian Distribution 
In the 2-dimensional non-singular case (k = rank (Σ) 
= 2), the probability density function of a vector [x 
y] as reported by (Deutsch et al., 2011) is: 

P(x, y) =  
πσ σ ρ

exp (−
( ρ )

μ

σ
+

μ

σ
−

ρ μ μ

σ σ
)                (2) 

 

{\displaystyle f(x,y)={\frac {1}{2\pi \sigma 
_{X}\sigma _{Y}{\sqrt {1-\rho ^{2}}}}}\exp \left(-
{\frac {1}{2(1-\rho ^{2})}}\left[{\frac {(x-\mu 
_{X})^{2}}{\sigma _{X}^{2}}}+{\frac {(y-\mu 
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_{Y})^{2}}{\sigma _{Y}^{2}}}-{\frac {2\rho (x-
\mu _{X})(y-\mu _{Y})}{\sigma _{X}\sigma 
_{Y}}}\right]\right)}where x represents the Average 
Price and y represents the Average Volume of the 
stock values of a particular company. μ is the mean 
and σ  is the variance of the average price and μ  is 
the mean and σ  is the variance of the Average 
Volume of the particular stock and ρ is the correlation 
coefficient of the Average Price and Average 
Volume. According to Naila et al. (2016), a threshold 
value ‘T’ can be used to detect anomalies from the 
normal instances. The threshold value of probability 
density function is different for each company. So, a 
generalized threshold value cannot be obtained for 
probability density function. 
 
3. Output of Anomaly Detection 
An essential perspective for any anomaly detection 
technique is the way in which the irregularities are 
accounted for (Chandola et al., 2009). The outputs 
produced by anomaly detection techniques are one of 
the following two types: 
Scores: Scoring techniques assign an outlier score to 
each data instance in thetest data depending on the 
degree to which that instance is considered an 
outlier.An analyst mayhave the choice to either 
analyse top few anomalies or use a cut-off threshold 
to select theanomalies. Outlier score is equal to the 
Mahalanobis distance which is similar to the 
Euclidean distance from the centroidof the 
data(Aggarwal, 2017). 
Outlier score for multivariate case 

=  (푦 − 휇) Ʃ (푦 − 휇)  

 (3) 
 
Outlier score for bivariate case = 

( ρ )

μ

σ
+

μ

σ
−

ρ μ μ

σ σ
(4) 

 
Outlier score of the data would be more appropriate 
for choosing the threshold value rather than 
considering the probability density function. A 
generalized value of outlier score =3 has been chosen 
as the threshold value for detecting anomalies since 
this value is more consistent in all companies. 
Labels: Techniques in this category assign a label to 
each test instance. The label assigned is normal for 
normal instances and anomaly for abnormal 
instances. 
 
IV. ANOMALY DETECTION ON STOCK 
MARKET VOLUMES 
 
The daily stock market data from 1 August 2017 to 
28 February 2018 of twenty ninecompanies listed in 
both BSE SENSEX and NIFTY 50 over ten different 
sectors are selected for the analysis. An instance of 

the data is explained.Out of four companies analyzed 
in Energy sector, Reliance Industries Ltdis chosen for 
the sample analysis. The average price, Deliverable 
quantity and Number of Trades data is obtained from 
the public domain and the data analysis is carried out. 
Average volume is the result obtained by dividing 
deliverable quantity by Number of Trades. 
 

Data Analysis BSE NSE 
μ = Mean(Average 

Price) 1023.63 1023.75 

μ = Mean(Average 
Volume) 

32.67 27.47 

σ = Variance(Av- 
eragePrice) 69622.10 69652.15 

σ = Variance(Av- 
erageVolume) 1421.72 128.75 

σ = Covariance -1135.69 -917.42 

ρ =  
σ

σ σ
 -0.11 -0.30 

Table 1: Reliance Industries Ltd 
 
Table 1 gives the analysis of stocks of Reliance 
Industries Ltd of both Bombay Stock Exchange 
(BSE) and National Stock Exchange (NSE). By 
looking at the values, it could be concluded that the 
mean average price of this company in both BSE and 
NSE are comparatively equal and their variance is 
almost the same. But the mean of Average Volume of 
the same company of BSE and NSE varies and their 
variance also have a great difference. The no: of 
trades of NSE is very high compared to BSE owing to 
the decrease in Average Volume. By analysing all the 
companies, the mean and variance of average price of 
the same company in both BSE and NSE are same 
while the mean and variance of Average Volume 
varies in BSE and NSE. Therefore the presence of 
anomalies could be due to the change in No: of 
Trades of both the stocks. 
 
Consider Reliance Industries Ltd BSE on 27Oct 17, 
where 
Average Price (AP) = 946.44, Average Volume (AV) 
= 156.47. From Table 1, μ =1023.63, μ =32.67, 
σ =69622.10, σ =1421.72,  ρ =-0.11 
 
P(AP, AV) =

 
πσ σ ρ

exp (−
( ρ )

μ

σ
+

μ

σ
− ρ μ μ

σ σ
)           (5) 

 
Equating the values, P(AP,AV) = 1.94E-15 
Outlier score or anomaly score is the distance from 
the centroid of the data to a particular point. It 
represents the rank of the anomaly in unsupervised 
machine learning. So higher the rank, higher is the 
degree of anomaly in the data. 
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Outlier Score 

 
(6) 

 
After equating the values, outlier score = 6.76 which 
is less than the threshold value (Outlier Score = 3) 
 

Reliance BSE 

Date WAP Average 
Volume 

P(AP, 
AV) 

Outlier 
Score Label 

14-
Dec-17 915.12 156.47 7.35E

-08 3.28 Anom
aly 

27-
Oct-17 946.44 286.86 1.94E

-15 6.76 Anom
aly 

11-
Sep-17 823.70 224.45 3.82E

-11 5.09 Anom
aly 

05-
Sep-17 1629.58 143.60 6.36E

-09 3.96 Anom
aly 

04-
Sep-17 1613.51 99.62 1.64E

-07 3.03 Anom
aly 

Reliance NSE 

Date Average 
Price 

Average 
Volume 

P(AP, 
AV) 

Outlier 
Score Label 

06-
Sep-17 1645.9 74.82 6.28E

-12 5.65 Anom
aly 

15-
Sep-17 841.99 87.62 2.72E

-11 5.39 Anom
aly 

28-
Feb-18 953.33 77.86 1.51E

-09 4.58 Anom
aly 

Table 2: Analysis of Reliance Industries Ltd for outliers 
 
Table 2 gives the analysis of the Reliance India Ltd 
for detection of anomalies. From the analysis of the 
stocks of BSE and NSE, it is observed that, both have 
different number of anomalies, with no similar 
anomalous days. BSE has more anomalies than NSE. 
The anomaly score for BSE is higher than that of 
NSE. 
 
V. PERFORMANCE ANALYSIS OF 
COMPANIES AND STOCK EXCHANGES 
 
Twenty Nine common companies of BSE SENSEX 
and NIFTY 50 have been analyzed for anomalies. 
In automobile sector, five companies are analysed. 
Number of anomalies present in BSE are higher than 
that of NSE. The highest anomaly score is observed 
in BSE for all the five companies analysed. In the 
given time frame, NSE showed less anomalies than 
BSE. Only one common anomalous day is observed 
on Hero MotoCo for both BSE and NSE. 
In banking sector, seven companies are analysed. 
Number of anomalies present in BSE are higher than 
that of NSE. The highest anomaly score is observed 
in BSE for all the seven companies analysed except 
for IndusInd Bank. In the given time frame, NSE 
showed less anomalies than BSE. Only one common 
anomalous day is observed on Axis Bank for both 
BSE and NSE. 

In construction sector, only one company is analysed. 
Number of anomalies present in NSE are higher than 
that of BSE. The highest anomaly score is observed 
in LT Constructions BSE. For the company analysed 
in the given time frame, BSE showed less anomalies 
than NSE. No common anomalous day is present on 
this sector. 
In Consumer Goods sector, three companies are 
analysed. Number of anomalies present in BSE are 
higher than that of NSE. The highest anomaly score is 
observed in BSE for all the three companies. In the 
given time frame, NSE showed less anomalies than 
BSE. No common anomalous day is present on this 
sector. 
In energy sector, four companies are analysed. 
Number of anomalies present in BSE are higher than 
that of NSE. The anomaly score reached the highest 
point in two companies of BSE and two companies 
for NSE. For the four companies analysed in the 
given time frame, NSE showed less anomalies than 
BSE. No common anomalous day is present on this 
sector. 
In Information Technology sector, three companies 
are analysed. Number of anomalies present in NSE 
are higher than that of BSE. The anomaly score 
reached the highest point in all three companies of 
BSE. In BSE and NSE, Wipro has the highest number 
of anomalies with two common anomalous days. For 
the three companies analysed in the given time frame, 
BSE showed less anomalies than NSE. 
In Metals sector, two companies are analysed. 
Number of anomalies present in BSE are higher than 
that of NSE. The anomaly score reached the highest 
point in two companies of BSE. For the two 
companies analysed in the given time frame, NSE 
showed less anomalies than BSE. Only one common 
anomalous day is observed on Tata Steel for both 
BSE and NSE. 
In Pharmaceuticals sector, two companies are 
analysed. Number of anomalies present in BSE are 
higher than that of NSE. The anomaly score reached 
the highest point in two companies of BSE. For the 
two companies analysed in the given time frame, 
NSE showed less anomalies than BSE. No common 
anomalous day is present on this sector. 
In shipping sector, one company is analysed. Number 
of anomalies present in BSE are higher than that of 
NSE. The anomaly score reached the highest point in 
Adani Ports BSE. No common anomaly days are 
there for BSE and NSE. For the company analysed in 
the given time frame, NSE showed less anomalies 
than BSE. 
In Telecommunications sector, one company is 
analysed Number of anomalies present in BSE are 
higher than that of NSE. The anomaly score reached 
the highest point in Bharti Airtel NSE. No common 
anomaly days are there for BSE and NSE. For the 
company analysed in the given time frame, NSE 
showed less anomalies than BSE. 
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For the ten sectors analysed, NSE showed less 
anomalies than BSE for eight sectors and BSE 
showed less anomalies than NSE for two sectors in 
the given time frame. Although the mean Average 
Price for same company is equal in both BSE and 
NSE, the anomalies are due to the variation in 
Average Volume. The Average Volume of the same 
company shows a very high variance resulting in 
anomalies on the data analysis. 
 
CONCLUSION 
 
This work focused on the detection of multivariate 
anomalies and to perform a comparative study of the 
anomalies of the companies listed in both BSE 
SENSEX and NIFTY 50 for different sectors to see 
which stock market has less number of anomalies in 
the selected time frame. After analysing twenty nine 
companies from ten different sectors, it is observed 
that the average price of stocks in NSE is almost 
similar to the same stocks in BSE. The variance of 
average price is similar in the same companies of 
both stock exchanges. The Average Volume is higher 
for BSE than NSE for the same company. 
Analysing stock market wise, BSE has the highest 
number of anomalous days than that of NSE. For 8 
sectors, BSE had the highest anomalous score. The 
anomaly score reached the highest point in stocks of 
BSE than in NSE.  In Construction sector and 
Information Technology sector, the number of 
anomalies were more in NSE than in BSE.  Analysing 
sector wise, banking sector has the highest number of 
anomalous days for BSE as well as NSE. The number 
of common anomalous days was highest for 
Information Technology sector. Analysing company 
wise, the highest number of anomalous days were 
observed on Hero MotoCo for BSE and Wipro for 
NSE. 

The present analysis has been performed on a 6 
months’ time frame. Anomalies can be extended for a 
larger time frame considering different categories of 
stocks. Many factors can cause the anomalies in the 
stock market, which needs to be carefully analysed 
and defined. 
Though the stock market is highly efficient, it is 
impossible to prevent historical and long term 
anomalies. Therefore, the investor may use them to 
his advantage. Exploiting the anomalies to earn 
superior returns is a risk since the anomalies may or 
may not persist in the future. 
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