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Abstract: For modeling and analyzing several variables,
many techniques are available among which in statistical
modeling, regression analysis is one. Regression Analysis (RA) is
utilized for prediction and determination, where its utilization
has generous cover with the field of Artificial Intelligence. RA is
a measurable procedure’s for assessing the relationship among
variables (one dependent and one or more independent). Its
helps us to predict and that is why it is also called as predictive
analysis model. In this study, we had used vehicle data like
velocity with which traffic move’s, gradient, actual velocity to
predict the velocity profile of the vehicle. Also, we had analyzed
various regression models like linear regression, multivariate
linear regression and nonlinear regression. The outcome of this
work is to write a function for every model that everyone can
reuse that without using pre-defined functions in languages and
plotting the given data to best fit for analyzing.

Keywords; Regression, Predictor, Dependent variable,
Machine learning, Vehicle and Velocity

l. INTRODUCTION

Regression Analysis (RA) is a group of factual devices
that can help from numerous points of view to anticipate
things of different segments. RA is utilized to construct
numerical models to anticipate the estimation of one variable
from learning of another. Figure 1 shows the eight different
types of data mining techniques.
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Fig.1 Eight Data Mining Techniques (Courtesy: Google)

Most regularly, RA evaluates the contingent desire for the
needy variable given the free factors — that is, the normal
estimation of the needy variable when the autonomous
factors are fixed. Less usually,
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the attention is on a quantile, or other area parameter of the
contingent circulation of the reliant variable given the
autonomous factors. Figure 2 shows the machine learning

types.

In all cases, a regression function is used to assess the
independent variables. In RA, it is additionally important to
describe the variety of the needy variable around the
expectation of the regression function using probability
distribution.

TABLE 1: APPLICATIONS OF REGRESSION

S. No. | Application Regression used to
e  Assess the stability of the active
ingredient in a drug.
- e  Predict its timeframe of realistic
1. Pharmacatical usability so as to meet FDA guidelines
company and
. Identify a reasonable lapse date for the
medication.
Credit Card e  Predict month to month gift voucher
2. deals.
company . —
e Improve yearly income projections .
3. Hotel Franchise ¢ Ident_|fy a proflle.
. Predict potential customers.
4 Insurance e Determine the probability of a genuine
’ company issue existing.
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Figure 3 shows the three metrics used in regression.
They are linear, logistic, exponential, nonlinear,
polynomial, etc. commonly used regression is linear
regression. In this we developed linear regression, multi
variate linear regression, Gaussian regression using kernel,
polynomial regression [1] [2] [3].

All these regression methods are done by using machine
learning. We used Mat lab platform to solve regression
analysis and developed various functions like gradient
descent, cost compute, normalization. For experimental,
vehicle data is used like velocity with which traffic move’s,
gradient, actual velocity to predict the velocity profile of the
vehicle. From these predicted range of a vehicle. By using
different models of regression we come to conclusion which
model predicts best and fits the data to the best.
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Fig.3 Metrics of Regression (Courtesy: Google)
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Fig.6 Simple Regression Model (Courtesy: Google)

The paper is organized as follows: Section 2 presents prior
art and challenges. Section 3 presents the analysis of
regression and Section 4 gives the design and
implementation of regression. Section 5 discusses the
experimental results and Section 6 presents the conclusion
of the paper.

Il. PRIORART

A. Regression Analysis: Height vs Weight

Figure 4 shows the regression analysis on height vs
weight.
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Fig.4 RA with Height vs Weight (Courtesy: Google)

B. Regression Analysis: Sleep vs Happiness

Figure 5 shows regression analysis on sleep vs
happiness.
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Fig.5 RA with Sleep vs Happiness (Courtesy: Google)
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Simple linear regression is a model with a single
regressor X that has a relationship with a response y that is a
straight line.

y=Bot+Pix+e

where the intercept Po and the slope B; are unknown
constants which is shown in figure 6.

On the off chance that there is more than one regressor, it is
called multi variable regression. As a rule, the reaction
variable y might be identified with k regressors, X3, X,... ,X,
so that

y=PBo+ BXy + BoXo +... 4 Pixe + €

R-squared is a measure in insights of how close the
information are to the fitted regression line. It is otherwise
called the coefficient of assurance, or the coefficient of
various conclusions for numerous regression [4].

C. Regression Analysis: Growth of Programming
Languages

Figure 7 shows the growth of programming languages with
respect to number of questions views in each month.

Growth of major programming languages
Based on Stack Overflow question views in World Bank high-income countries
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{
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Fig.7 RA with Time vs # of questions views (Courtesy: Google)

IV. SYSTEM ANALYSIS

The purpose of this work is to test various regression
models on data to predict results. For this we had used
matlab as a platform and worked on it. The test data was
taken from vehicle data it contains map velocity which
traffic moves, driver velocity and gradient. The outcome of
this project is to come at a conclusion how regression was
used in prediction. We tested for four models: linear,
multivariate linear, polynomial and Gaussian regressions.
For this we used machine learning algorithms to get the best
without using the pre-defined functions in matlab [5] [6] [7]

[8].

A. Gradient Descent

Gradient descentis an optimization algorithm used to
minimize some function by iteratively moving in the
direction of steepest descent as defined by the negative of
the gradient shown in figure 8.
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Fig.8 Gradient Descent (Courtesy: Google)

B Multi-variate linear regression(MVLR)

Multivariate Regression is one of the simplest Supervised
Learning Algorithm used to estimates a single regression
model with more than one outcome variable which is shown
in figure 9.

predictor, x-variahle’,

independent variahle, coefficient
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response, dependent variahle, random errar,
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Fig.9 Multi-variate linear regression (Courtesy: Google)

The following are the steps need to follow to perform
MVLR:

i Selection of features
ii. Normalization of feature
iii. Selection of Hypothesis and Cost function
iv. Minimization of cost function
V. Test the hypothesis

B. Polynomial Regression(PA)

}_The population regression model: |

Population || population '
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T Fig.10 Polynomial Regression (Courtesy: Google)

and the dependent variable (y) 1s modeled as an n™
degree polynomial in x is known to be PA which is shown in
figure 10.

V. IMPLEMENTATION

Regression is implemented in matlab 2016a by using
machine learning algorithms. The data we used was vehicle
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data it contains vehicle velocity and gradient. We should
predict actual velocity of a vehicle [9] [10].

A. Linear Regression

In this linear regression we had used gradient descent
and cost compute functions without using pre-defined
functions.

m

J(0) = == (ho(a) — y)?

2m 4
i=1
Where the hypothesis is given by the linear model:
h.g(l’) = HTL?.‘ = 90 —+ (‘)1.’1‘1

Review that the parameters of your model are the _j
values. These are the qualities you will acclimate to limit
cost J. One approach to do this is to utilize the batch gradient
descent calculation. In batch gradient descent, every cycle
plays out the update.

m

1 i i)
0;:=0; — a— Zf’“’( ) — y)al

With each step of gradient descent, your parameters come
close to the optimal values that will achieve lowest cost J.

B. Compute cost

function J =
computeCost(MapVelocity,ActualVelocity,theta)
m=length(ActualVelocity);
J=0;
J=(sum((MapVelocity * theta —
ActualVelocity).”2))/(2*m);
end

C. Multi variate linear regression

i. FUNCTION [X_NORM, MU, SIGMA] =

FE ATURENORMALIZE(X)

1.  %FEATURENORMALIZE NORMALIZES

THEFEATURESIN X

itl. % FEATURENORMALIZE(X)RETURNS

ANORMALIZED VERSION OF X WHERE

itv. % THEMEAN VALUE OFEACH FEATUREIS(

AND THE STANDARD DEVIATION % IS 1.

V. X=X NORM

vi. MU=ZEROS(l,SIZE(X.2)):

vil. SGMA=ZEROS(!, 9ZE(X, 2)):

vill. MU=MEAN(X);

iX. SIGMA=STD(X):
x_norm=(x-mu)./sigma; %

D. Polynomial regression
data = xlsread('last.xIsx',1,'/A2:B476");

t = data(;, 1); y = data(:, 2);
figure(1); hold on;
plot(t,y,'r™,'MarkerFaceColor',[1,0,0],' MarkerSize ',8);

plot(t,y,'LineWidth',1.5); title('data’);
xlabel('t"); ylabel('y"); grid on;

x1 = [ones(length(t),1),t];

al = solveMatrix(x1."*x1,x1.™*y);
al 1= (xL."*x1)\(x1.”*y);

fl = @(t)al(2)*t + al(l);
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p3(4)

fp4

figure(2); hold on; hold on;
p1 = polyfit(ty,1);
fpl = @(1p1(1)*t + p1(2);

plot(t,y, r','MarkerFaceColor',[1,0,0],'MarkerSize
',8);

plot(t,fpl(t),'LineWidth',1.5);
title("polyfit-1");xlabel('t");ylabel('y");grid on
%% 2nd order

x2 = [ones(length(t),1),t,t.22];

a2 = solveMatrix(x2.*x2,x2.*y);

a2 1= (x2."*x2)\(x2."*y);

f2 = @(t)a2(3)*t."2 + a2(2)*t + a2(1);
figure(4); hold on;

plot(t,y, r','MarkerFaceColor',[1,0,0],'MarkerSize
"8);

plot(t,f2(t),'LineWidth',1.5);
title("2");xlabel('t);ylabel('y");grid on;
p2 = polyfit(t,y,2);

fp2 = @(t)p2(1)*1."2 + p2(2)*t + p2(3);
%% 3rd order

x3 = [ones(length(t),1),t,t./2,t.13];

a3 = solveMatrix(x3.*x3,x3."*y);

a3_1 = (x3.*x3)\(x3."*y);

f3 = @(0a3(4)*t"3 + a3(3)*t 2 + a3(2)*t +
a3(1);

figure(6); hold on;
plot(t,y,'r™','MarkerFaceColor',[1,0,0],'MarkerSize',8

plot(t,f3(t),'LineWidth',1.5);
title('3");xlabel('t");ylabel('y");grid on;

p3 = polyfit(t,y,3);

fp3 = @HpP3(1)*t."3 + p3(2)*t."2 + p3(3)*t

+

%% 4th order

x4 = [ones(length(t),1),t,t.22,t.13,t.M];
a4 = solveMatrix(x4.*x4,x4."*y);
ad 1 = (x4.*x4)\(x4."*y);

f4 = @(t)ad(5)*t.M4 + ad(4)*t"3 + ad(3)*t. 2
ad(2)*t + ad(l);

figure(8); hold on;

plot(t,y, r','MarkerFaceColor',[1,0,0],'MarkerSize
"8);

plot(t,f4(t),'LineWidth',1.5);
title('4");xlabel('t");ylabel('y");grid
polyfit(t,y,4);

= @@M)p4()*tM + pa(2Q)*t 3 + pa(3)*t/2

+

on, p4

+
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pA(4)*t + pA(d);

E. Gaussian regression

In this model we used kernel parameters for getting results.
We used noise parameter to remove outliers of the data.

% Noise parameter
beta 20;

identity = eye(rows, rows);

gram_matrix = zZeros (rows, rows);
c = 1/beta;

output zeros (rows, 1);

We had used gram matrix to store the data from the results.
Later we had used covariance matrix for the regression [11]
[12].

At last we used kernel to predict the output.

¥ Prediction

for i = l:iteration

kernel = zeros(rows, 1);

input data = test input(i);

for j = 1: rows

% Define RBF kernel

kernel (j, 1) = abs(data(j, 1) - input data);
end

% Predict output

pred output(i) = kernel' * inv(C) * data(:, 2);

=nd

VI. RESULTS

The results for that test data using various regression models.
They are:

A. Linear regression:

By performing linear regression, Theta found by gradient
descent: -0.152761 1.032296.

4
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Fig.11 Linear Regression Model based on Gradient Descent
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Fig.12 Linear Regression Model based on Cost Compute

Figure 11 and 12 shows the linear regression model based on
gradient descent, cost compute.
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Fig.13 Multi-variate linear regression with gradient descent

Theta computed from gradient descent:
55.8138465
24.104063
-4.312488

Theta computed from the normal equations:
27.906928
27.906928
24.104609

B. Multi-variate Linear Regression

Figure 13 shows the multi-variate linear regression with
number of iterations vs cost.

C. Polynomial Regression

polyfit-2

120

Fig. 14(b) Polynomial Regression with polyfit-2
Figure 14 (a), (b), and (c) shows the polynomial regression
with polyfit-1 to polyfit-3.
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Fig. 14(c) Polynomial Regression with polyfit-3
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Fig. 14(a) Polynomial Regression with polyfit-1

;. Prediction
[for i = l:iteration
kernel = zeros(rows, 1);
input_data = test_input(i);
for j = 1: rows
% Define RBF kernel
kernel(j, 1) = abs(data(j, 1) - input_data):;
end
% Predict output
pred_output (i) = kernel' * inwv(C) * data(:, 2);
End

Process Regression
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Fig.15 Gaussian Process Regression
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VII. CONCLUSION AND FUTURE WORKS

In this work, we had discussed various regression
models and their uses. Regression analysis helps us
to predict things accurate; we can develop this using
exponential, logistic type of regression. In this we
analyzed various models and predicted velocity of a
vehicle. In this work we had examined relationship
between variables. One advantage of a regression
model over factor or cluster analysis is that the
regression model can be used to obtain an estimate
of the actual amount of change in a dependent
variable that occurs as a result of a change in an
independent variable. In this we used matlab
software and wrote a code for that without using
pre-defined functions like fitIn(), fitim(), etc. we
also developed using 2 dependent variables to one
independent variable. We also plotted the data to the
best fit and analyzed it by changing the learning rate
and iterations.

The future works of this work was to develop
multiple regressions. When dealing with many
variables, all of which are measured at no more than
the nominal level, a multivariate model produces
tables of 3, 4, 5 or more dimensions. These are very
difficult to analyze, although some researchers use
log linear models to examine these. The other
difficulty of these models is that even where
relationships among variables are found; it may be
difficult to describe them in an understandable
manner. We had developed only linear regression,
but there is a need to develop non-linear regression.
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