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1. Introduction

s one of the most important components of

The time resolution of the existing traffic flow prediction model is too big to be applied to
adaptive signal timing optimization. Based on the view of the platoon dispersion model, the
relationship between vehicle arrival at the downstream intersection and vehicle departure
from the upstream intersection was analyzed. Then, a high-resolution traffic flow prediction
model based on deep learning was developed. The departure flow rate from the upstream
and the arrival flow rate at the downstream intersection was taking as the input and output
in the proposed model, respectively. Finally, the parameters of the proposed model were
trained by the field data, and the proposed model was implemented to forecast the arrival
flow rate of the downstream intersection. Results show that the proposed model can better
capture the fluctuant traffic flow and reduced MAE, MRE, and RMSE by 9.53%, 39.92%,
and 3.56%, respectively, compared with traditional models and algorithms, such as Robert-
son's model and artificial neural network. Therefore, the proposed model can be applied for

real-time adaptive signal timing optimization.

timing optimization. The first platoon dispersion model
based on the hypothesis that the vehicle's velocity follows

adaptive control systems (e.g., TRANSYT!"! and ~ normal distribution was proposed by Pacey™ in 1965.
SCOOT™, the platoon dispersion model is also  From the view of traffic flow, Robertson'" proposed a pla-
the basis of traffic flow prediction, simulation, and signal ~ toon dispersion model supposing that travel times obey a
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shifted geometric distribution. Since the shifted geometric
distribution has the merit of simpleness and convenient
calculation, Robertson's platoon dispersion model has
been incorporated in a large amount of software or sys-
tems, including TRANSYT-7F", SCOOT™, SATURN™,
and TRAFLOY. Most of the later studies™®” are based on
the assumption that the travel speed or travel time follows
a certain statistical distribution. These models are accu-
rate or not depend on the assumption. However, traffic
flow may operate in unstable states which caused by the
signal intersection. Moreover, in real-time transportation
systems, access to information constraints will lead to the
distribution of restricted traffic data different from that of
theoretical traffic data. Under these complex situations,
the platoon dispersion models may be unable to capture
the dispersion of traffic flow, and may become inapplica-
ble for real-time transportation systems. To some extent,
this shortcoming limits the potential application of some
real-time traffic signal control systems included with the
platoon dispersion models. With the development of big
data technology, many methods™®"*' were proposed in big
data environment. However, the forecasting time resolu-
tion of these models is too big, such as 5, 10, 30, and even
60 minutes. Therefore, these models have good predicted
effect, but the big time resolution is not enough to be ap-
plied in adaptive control systems.

In summary, a proposed traffic flow prediction model
must be able to accurately capture the change of traffic
flow and must satisfy the optimal time resolution of the
signal timing optimization.

In fact, apart from the classic platoon dispersion mod-
els, some intelligent methods (e.g., neural network!'®'",
support vector machine'", Kalman filter'”*" etc.) are
also applied to predict traffic flow. However, these meth-
ods only consider the time series characters of the traffic
flow at downstream intersection, and do not consider the
correlation between the arrival and departure rate of the
downstream and upstream intersection.

From the perspective of platoon dispersion model,
there is a certain relationship between the arrival and de-
parture flow of the downstream and upstream intersection.
Considering the deep learning can describe any complex
stochastic and non-linear systems, a high-resolution traf-
fic prediction model based on deep learning is proposed.
Then, the real-time data of the upstream intersection is
used to forecast the arrival flow of the downstream in-
tersection based on the proposed model. In addition, the
prediction time resolution of the proposed model can be
determined by the actual demand. In this study, we choose
5 seconds as the prediction time resolution, which fully
meets the minimum requirements of the adaptive control

2 Distributed under creative commons license 4.0

algorithms or systems.

This paper is organized as follows. Section 2 reviews
the classical Robertson's platoon dispersion model. A
high-resolution traffic flow prediction model based on
deep learning is proposed in Section 3. In Section 4, the
predicted results of the proposed model and traditional
models and algorithms are compared. Section 5 closes the
paper with conclusions and further research.

2. The Platoon Dispersion Model

2.1 Notation of Platoon Dispersion

Owing to the existence of the urban signal intersections,
the continuous traffic flow is forced to split into separate
platoons. Meanwhile, due to the differences of drivers'
driving behavior and safety awareness, these factors result
in the discrepancy of vehicle's speed. Consequently, the
platoon becomes longer as vehicles travel further down-
stream, and this phenomenon is commonly called "platoon
dispersion". This phenomenon is illustrated in Figure 1.
When the signal light is red, vehicles have to queue up at
the stop line. While the signal light turns green, vehicles
through the intersection with saturation flow, but it is not
the saturation flow rate when vehicles reach the down-
stream section. Therefore, the flow rate is decreasing with
time as the platoon reaches downstream intersection. In
addition, the peak of the platoon will become smoother
and smoother when the distance between the upstream
and downstream section is getting longer and longer.
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Figure 1. Diagram of platoon dispersion
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2.2 The Robertson's Platoon Dispersion Model

The platoon dispersion model aims to describe the re-
lationship between the departure flow of the upstream
intersection and the arrival flow of the downstream inter-
section, and realize real-time prediction of arrival flow at
downstream sections or intersections. The classical pla-
toon dispersion has been given by Robertson'", who used
observed data to derive an iterative method to capture the
behavior of platoon. The traffic flow prediction model
was used for optimization of traffic signals to obtain the
minimum vehicle delay. For each time interval, the arriv-
al flow rate of the downstream stop-line is calculated by

Eq.(1).
t-T

min

q,(t) = Z q,(i)-F-(1- F) e (M

i=1
q,(t) :F'qu(t_Tmin)+(1_F)'qd(t_1)' (2)

where g ,(f) represents the arrival flow rate at time inter-
val ¢t of the downstream intersection. ¢,(i) represents the
departure flow rate at the time interval i of the upstream
intersection. 7,,, represents the minimum travel time for
the road segment, the value is equal to 0.8 times the mean
travelling-time. F' represents a smoothing factor.

In Egs.(1-2), the departure flow of the upstream inter-
section can be obtained by loop detectors. Therefore, the
arrival flow rate of the downstream intersection can be
calculated by Egs.(1-2) with estimated parameters. The
minimum travel time 7,,, can be calculated according to

the historical data, and the smoothing factor can be calcu-
lated by the Eq.(3).

1
F=——,
1+ afT

where « is the platoon dispersion coefficient, which has
been found to be 0.5 in central business district (CBD), S
is the travel time factor, generally taken the value of 0.8.
Readers could refer to TRANSYT-7F user's guide”' for
more details. 7 is the travel time for the road segment.

In Robertson's platoon dispersion model, the basic
assumption is that the travel time follows a shifted geo-
metric distribution. However, the shifted geometric dis-
tribution has a long tail and hence the Robertson's model
predicts a greater dispersion of the platoon than the actual
situation. Later, the actual data fitting proves that the trav-
el time or speed follows various probability distributions,
such as normal distribution, lognormal distribution, mix-
ture Gaussian and truncated distribution of these distribu-
672127 " ot When the traffic condition changes, the
travel time or speed distribution will also change greatly.

3)

tions!

Distributed under creative commons license 4.0

However, the parameters of the Robertson's model are
static which cannot reflect the real-time traffic flow char-
acteristics.

3. Deep Learning-based High-resolution Traf-
fic Flow Prediction Model

3.1 Deep Learning

Deep learning describes a high dimensional function via
a sequence of semi-affine non-linear transformations™.
The deep learning architecture™. is organized as a graph

shown in Figure 2.

hidden layer 1

input layer hidden layer 2 hidden layer n outputlayer

Figure 2. Basic structure of deep learning

A deep learning predictor, denoted by $(x),, takes an
input vector x = (x,, ... x,) and outputs via different layers
of abstraction that employ hierarchical predictors by com-
posing L non-linear semi-affine transformations. Specifi-
cally, a deep learning architecture is as follows. Let £, ... ,
f, be given univariate activation link functions, e.g. sig-
moid 1/(1+e™),cosh x ,tanh x , Heaviside gate functions
(I(x > 0)), or rectified linear units (max{x,0}) or indicator
functions (I (x€R)) for trees. The composite map is de-
fined by

}7(x) = G(X) = (fwn,bn ° "'Ofwl,bl)(x) ’ (4)

where f,, is a semi-activation rule defined by
N,

S, () = f Zwljxj +b | =fwlx +b), O
=1

where N, represents the number of units at layer /. The
weights w; € RV*Ni-1 and offset bER needs to be learned
from training data.

Data dimension reduction of a high dimensional map
G is performed via the composition of univariate semi-af-
fine functions. Let ' denote the /-th layer hidden features,
with x = z°. The final output is the response y, can be nu-
meric or categorical. The explicit structure of a deep pre-
diction rule is than

DOI: https://doi.org/10.30564/jcsr.v1il.381 3
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U= f(wgx + by)

z2 = f(wlz' + b))
: (6)
2" = fwy_12" 1 + by_q)

y(x) =wlz" + b,

In many cases there is an underlying probabilistic mod-
el, denoted by p(y|9(x)). This leads to a training problem
given by optimization problem

T
%Z —logp (y:[9u.s()). (7
where p(y|9(x)) is the probability density function
given by specification y; = G(x;) + ¢;. Efficient algo-
rithms®"! exist to solve those problems, even for high di-
mensional cases.

In summary, when the structure of the deep neural net-
work, the training data samples and the error threshold are
given, the deep neural network can be optimized through
training by the optimization algorithm. Therefore, the ac-
tual process of the application of deep neural network is
divided into four steps: designing the deep neural network
structure, obtaining the data samples, training the net-
work, and using the trained network to predict the value
based on the new input. So, how to build a traffic flow
prediction model based on deep learning will be discussed
in next section.

3.2 High-Resolution Traffic Flow Prediction Model

In Figure 1, there is a length of Ax of road segment which
between the upstream and downstream intersection. The
minimum and maximum travel time of the road segment
are calculated according to the speed limit of road seg-
ment or historical data. 7, and 7,,,, are the minimum and
maximum travel time, respectively.
The departure flow of the upstream intersection can be
acquired in real time by detectors which are set at exit
lane of the upstream intersection. According to the idea of
the platoon dispersion model: the number of vehicles ar-
riving at the downstream section which come from the ve-
hicles of time interval ([t — Tpax,t — Tpin]) at upstream
intersection. So, this relationship can be expressed by the
follow formula.
44(®) = G(qu(t = Trnax ), Guu(t = Tax + 1),
where G(-) is a mapping relation.
According to the Eq.(8), there is a correlation between
the arrival flow rate of the downstream intersection at the
time interval ¢, and which maybe come from the upstream
intersection for each time interval of time period

Tmin ))r (8)

: lQu(t_
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[t — Tmax, t — Tmin |- This relationship cannot be expressed
in a general form of function. In the classical platoon dis-
persion model, there is a basic assumption that vehicle's
speed or travel time follows a certain probability distribu-
tion. Then, the relationship formula between the down-
stream and the upstream flow rate is derived. Therefore,
these models need to select an appropriate probability dis-
tribution to describe the characteristics of traffic flow, and
the probability distribution can only characterize the dy-
namic traffic flow to a certain extent. Considering the
deep neural network can be used to describe any linearly
separable complex stochastic systems, and does not re-
quire any underlying assumptions. The deep neural net-
work is used to describe the mapping relation between the
arrival traffic flow of the downstream intersection and the
departure traffic flow of the upstream intersection. Then, a
high-resolution traffic prediction model based on the deep
learning is developed.

Firstly, we need to determine the structure of the deep
neural network from the Eq.(8). The number of input neu-
ron is T, T,..t+1,, input variables are x=(g, (+-Tmax), g,
(t-T,ux 1), -+ ,q, (=Tmin)); The number of output neuron
is 1, output variable is y=¢¢). The number of hidden lay-
ers and hidden layer neurons can be selected according to
comparative analysis. Among them, the number of input
nodes of deep neural network with different time resolu-
tion is also different, which is equal to the length of time
interval [t — T,,.t — T,] divided by the selected time
resolution.

After the deep neural network structure is determined,
the network needs to be trained through the historical
data. If we want to predict the traffic flow rate at the th
time interval, the historical data before the th time interval
can be used to train the network. Considering the network
training needs a certain period of time, so we train or op-
timize the network every once in a while, such as 5 min-
utes, to ensure that the deep neural network training can
be completed in the interval. Finally, the trained network
can be used to forecast the traffic flow rate of the down-
stream intersection based on the departure flow of the up-
stream intersection which can be acquired in real time by
detectors. Moreover, the historical arrival flow rate of the
downstream intersection can also be obtained by detec-
tors, which can be used to train the deep neural network.

3.3 High-Resolution Traffic Flow Prediction Algo-
rithm

In this study, a high-resolution traffic flow prediction al-
gorithm can be divided into the following 5 steps, which
is shown in Figure 3.

Step 1. The minimum and travel time 7,;,, Ty, network

DOI: https://doi.org/10.30564/jcsr.v1il.381
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training update time A¢ and the current time are deter-
mined according to the actual situation;

Step 2. The deep neural network structure is determined
according to the relevant parameters in Step 1;

Step 3. The deep neural network is trained and optimized
by using the historical data of the current time #;

Step 4. The traffic flow of the downstream intersection is
predicted based on the trained network and the real-time
data obtained by the detectors at the upstream section,
then r=¢+1;

Step 5. If the current time meets the network training up-
date time, then skip to Step 3; otherwise, go to Step 4.

Initialization Parameters: network
parameters, network training update time

At the current time t and total time T

|‘
-+

tis an integer times of /At ?

Get data form time internal [/ut,t]

|

Training Network: obtain optimal network
parameter

g
Prediction Flow Rate: predict the traffic
flow rate at t+1 by the trained network

Output prediction result: output the result
by deep learning method

End

Figure 3. Flowchart of the proposed algorithm
Through the above 5 steps, the traffic flow of the down-
stream intersection can be predicted in real time.

4. Case Study

In this section, the predicted performance of Robertson's
model, artificial neural network, and the proposed model

Distributed under creative commons license 4.0

will be discussed based on the survey data.

4.1 Data Collection

In order to prove the proposed model have better perfor-
mance, Wushan Road in Guangzhou is selected for field
investigation, as shown in Figure 4. There are 14 bus lines
via this segment, and in general the traffic condition is
unsaturated. Specifically, the survey time interval is 7:30
am — 11:20 am and the traffic flow is volatile, forming a
distribution with a typical morning peak. The travel times
can be obtained by comparing vehicle license plates in the
upstream and downstream section (the distance between
two places is 650 m). After data preprocessing, we get
1,621 pieces of effective data as shown in Table 1. After-
ward, the estimated value of all parameters can be cal-
culated by a statistical method. Then, the flow rate of the
upstream and downstream section are obtained in Figure 4.

Observing area

| | Wushan Road ® Camera

1

Figure 4. Diagram of the survey road segment.

Table 1. The statistical parameters

Statistical Parameter Value

The number of vehicles (vehicle) 1621
The minimum travel time (second) 30
The maximum travel time (second) 130
The average travel time (second) 41.6

DOI: https://doi.org/10.30564/jcsr.v1il.381 5
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At b O

(a) The departure flow rate of the upstream section.

(b) The arrival flow rate of the downstream section.

Figure 5. The flow rate of departs and arrivals during time
intervals of 5 s

As demonstrated in Figure 5, the fluctuation of traffic
flow at the upstream and downstream section is large, and
the regularity is not very significant. The forecast effect of
these three models will be discussed based on the survey
data as following.

4.2 Model Evaluation

Firstly, with 5 seconds as the time interval, the data are
aggregated, and we obtain 2,720 data samples. Then, these
data can be divided into two parts, the first part serves as
the parameter calibration (the first 2,000 data samples),
the second part serves as the model prediction effect vali-
dation (the last 720 data samples). Therefore, the parame-
ters of Robertson's model can be calculated by the method
in the literature”™” or the TRANSYT-7F manual®. The
parameters of the artificial neural network and deep learn-
ing are calibrated by training based on the first part of

6 Distributed under creative commons license 4.0

10,12

data samples''*'?. The key parameter values of these three

models are shown in Table 2.

Table 2. Key parameter values for different models

Model Parameter Value
T 41.6s
Robertson's
o 0.5
model
p 0.8
Input neurons 10
Hidden neurons 5
Hidden layer number 1
Artificial Output neurons 1
Neural Net-
eural e Transfer function S-function
work
. . Levenberg-Marquardt
Training algorithm .
algorithm
Training epoch 500
Learning rate 0.05
T:Tlll] 30 S
T ax 1308
Input neurons 20
Hidden neurons [10,10,10,10,10]
Deep Learn- Hidden layer number 5
ing Output neurons 1
Transfer function S-function
. . Levenberg-Marquardt
Training algorithm .
algorithm
Training epoch 1000
Learning rate 0.05

Because the time interval is 5 seconds, and the differ-
ence between the maximum and the minimum travel time
is 100 seconds, so the number of input neurons is 20. The
number of hidden layers is 3 and hidden neurons are 10

B2 and the number of

calculated by the empirical formula
output neurons is 1. After the parameters of these three
models are determined, we can predict the traffic flow rate
of the downstream section by using Robertson's model,
artificial neural network, and deep learning, respectively.
The predicted results of these tgree models are shown in
Figure 6. The performance of these three models can be
assessed quantitatively by examining the prediction error
statistics. Standard prediction measures include MAE,
MRE, and RSME"**¥, These measures for the predicted

results shown in Figure 6 are given in Table 3.

DOI: https://doi.org/10.30564/jcsr.v1il.381
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Table 3. The Evaluation Index Value of Models

Measure Robertson's Model | Artificial Neural Network Deep Learning Improvement
MAE 0.0576 0.0519 0.0494 14.24% / 4.82% / 9.53%
MRE 17.69% 23.51% 12.13% 31.43% /48.41%/39.92%
RMSE 0.0728 0.0732 0.0704 3.30% / 3.83%/ / 3.56%

Note: the value of improvement: improvement compare Robertson's model / improvement compare artificial neural network / average

improvement compare these two models.

Figure 6. The actual and predicted arrival flow rate based
on two models during time intervals of 5 seconds.

As shown in Figure 6, compared with the other two
models, the deep learning prediction results can better
capture the fluctuant characteristics of traffic flow. Be-
cause to a certain degree, the deep learning can get the
relationship between the arrival and departure flow rate of
the downstream section and the upstream intersection by
training. On the contrary, Robertson's model is based on
the strict assumption that travel times follow a shifted geo-
metric distribution, and cannot accurately characterize the
flow relationship between the upstream and downstream
intersection. In addition, the artificial neural network only
considers the time series characters of the traffic flow, and
does not consider the correlation between the arrival and
departure rate of the downstream and upstream intersec-
tion. The analysis shows that the performance of Robert-
son's model and artificial neural network do not work well
when the traffic flow fluctuation is frequent. However, the
deep learning can adapt to the fluctuation of traffic flow
through continuous learning, so it has better prediction
effect.

Moreover, the error analysis results in Table 3 show
that the prediction errors of the deep learning are less than
the Robertson's model and artificial neural network. The
MAE, MRE, and RMSE of the deep learning is average
reduced by 9.53% 39.93, and 3.56%, respectively, com-
pared with Robertson's model and artificial neural net-
work. Therefore, deep learning can be used for real-time
traffic flow prediction, and the prediction time resolution

Distributed under creative commons license 4.0

can be accurate to 5 seconds. The results can be applied to
the optimization of adaptive signal timing.

5. Conclusion and Future Work

5.1 Conclusion

In this paper, a high-resolution traffic flow prediction
model is proposed based on the perspective of the platoon
dispersion model. The proposed model uses deep learn-
ing to describe the relationship between the arrival flow
of the downstream intersection and the departure flow of
the upstream intersection, and to realize the prediction of
traffic flow at the downstream intersection. The results of
the field data validation show that the proposed model is
better than the Robertson's model and artificial neural net-
work, and the time resolution is 5 seconds, which meets
the basic needs of adaptive signal timing optimization al-
gorithm. So, the proposed model can be used for adaptive
signal timing optimization.

5.2 Future Work

Future work will be considered to study more other traffic
information (e.g., vehicle' s speed and acceleration) to
improve the proposed model prediction capability. And
the calculation method of intersection stopping times and
queuing length based on the proposed traffic flow predic-
tion model should be studied in future research. In addi-
tion, the stability and robustness of the proposed model
will be discussed by more data set in the future.
Acknowledgement: This work support by Cultivation
Program for the Excellent Doctoral Dissertation of South-
west Jiaotong University(D-YB201708). The authors ex-
press our acknowledge to Liiou Shen, Weitiao Wu etc. for
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part of developing the intelligent vehicle which is the main agent in the intelligent transporta-
tion system. Traffic sign recognition systems consist of an initial detection phase where images
and colors are segmented and fed to the recognition phase. The most challenging process in

such systems in terms of time consumption is the detection phase. The trade off in previous

Keywords: studies, which proposed different methods for detecting traffic signs, is between accuracy

Traffic sign recognition systems and computation time. Therefore, this paper presents a novel accurate and time-efficient color
Logistic regression segmentation approach based on logistic regression. We used RGB color space as the domain
to extract the features of our hypothesis; this has boosted the speed of our approach since no
color conversion is needed. Our trained segmentation classifier was tested on 1000 traffic sign
images taken in different lighting conditions. The results show that our approach segmented
974 of these images correctly and in a time less than one-fifth of the time needed by any other

robust segmentation method.

1. Introduction many factors such as fatigue, and observatory skills . As

oad signs are used to regulate traffic, warn driv-
ers, and provide useful information to help make
driving safe and convenient "' However, driver's
ability to recognize them depends on the physical and
mental conditions. These conditions can be affected by
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a result, traffic signs recognition systems were proposed
to augment driver's attention so that driving can become
safer and more convenient.

The core functionality of traffic signs recognition
systems takes place in two phases: the first is traffic sign
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detection (TSD) and the second is the traffic sign recogni-
tion (TSR) . In the TSD phase which is the input of the
recognition phase, the image is preprocessed, enhanced,
and segmented according to the sign properties such as
color or shape . About 62% of work done in this field
used colors as the basic cue for TSD while the remaining
used shape **. The aim of segmentation process, which
turns the captured image into binary image based on a
certain thresholding algorithm, is to extract the regions of
interest from the whole image ‘", The regions of interest
are those containing colors that qualify them to contain
traffic signs. Due to this role, this phase is of a critical
importance because it will narrow the search space that
has to be targeted by the system by marking certain arcas
to be sought after for traffic signs instead of the whole
image, so that the work of the next phase will be much
efficient. This phase is also challenging since colors in-
formation has a considerable sensitivity to lighting con-
19 If ideal lighting conditions are presented, the
task of segmentation will be easy. However, non-ideal
illumination conditions are the predominant ones, some
of them are the result of excessive daylight, and some are
the result of poor lighting either at night or in bad weather
conditions. Moreover, regions of interest extraction may
be very costly in terms of the computation time depending
on the image size . Therefore, in this paper we focus on
the TSD phase and we propose an approach for improving
the accuracy of detection and reducing its computational
time.

Previous studies proposed different fundamental ap-
proaches to deal with TSD accuracy and time complexity.
For example, to overcome the issue of sensitivity, most of
the previous work followed the approach of color space
conversion, where the captured images which are origi-
nally represented in the RGB color space are transformed
into another space like HSV (hue, saturation, value)/
HSL(hue, saturation, lightness) or IHLS(Improved Hue
Luminance Saturation) "***’!. These spaces are used be-
cause chromatic information can be easily separated from
the lighting information making this approach more suit-
able for detecting a specified color in almost all light con-
ditions. This approach produced relatively accurate results
but in a high computational time.

To avoid high computational complexity, some
research used RGB color space with minimal compu-
tations "', However, this approach suffers from low ac-
curacy. Another avoidance mechanism depended on statis-
tical distribution findings which conclude that most traffic
signs appear in the middle of the image and a few in the
top with relatively large scales '*.. Such assumption re-
duces the robustness of the system and limits the detection

ditions '
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of some real traffic signs which are not subject to the sup-
posed distribution due to some poses of the vehicle like
turning around or driving downhill. Another limitation is
that the proposed system requires the vanishing horizon to
be roughly in the middle of the captured image, which is
not always the case "'’ Another approach was proposed to
identify color space by using Maximally Stable Extremal
Regions (MSERs) ™", This approach resulted in a very
precise detection. However, it is not sufficient alone
to produce results that could be used as inputs to the
recognition phase because it obtains traffic signs with
a large number of backgrounds . To enhance MSERs
work, some research made refinement for the produced
ROTI's in the recognition phase like what was proposed
in ! In "), MSERs was used along with a complemen-
tary shape-based extractors which would eventually con-
sume a considerable amount of time.

In this paper we propose a novel TSD model that has
high performance and simultaneously balances between
the accuracy and computational complexity. We use lo-
gistic regression, a simple but powerful machine learning
technique for the segmentation. Logistic regression is
the appropriate when the dependent variable is binary.
It is used to describe data and to explain the relationship
between one dependent binary variable and one or more
nominal, ordinal, interval or ratio-level independent vari-
ables " To evaluate our model, we used a total of 1000
images of local traffic signs and other images downloaded
from 'Belgian Traffic Sign Dataset' "”’. Our model outper-
formed other related methods in terms of accuracy and
computation time.

2. Related Work

Previous studies can be divided into two main groups
depending on the color spaces used in segmenting the im-
ages. The first group contains studies that adopted the ap-
proach of color space conversion before thresholding, and
the second contains those who have used the RGB color
space as the domain for processing.

2.1 Converting RGB Image into Another Color
Space

This approach is the most popular since its results are
more robust and it covers wider cases under different
lighting conditions. The two dominant color spaces used
by the advocates of this approach are HSI(hue, saturation,
intensity) "' and HSV ", These color models are
used extensively because they do a separation between the
colorfulness and the lightness of the image so that there is
independence between the chromatic and achromatic com-
ponents. This makes extracting a good threshold an easier
task. However, converting from the RGB to those color
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spaces consumes long time since it involves a non-linear

transformation """,

2.2 Using RGB for Segmentation

The aim of working directly with RGB is to design much
faster segmentation algorithms. The idea of using the
RGB in segmentation is based on an observation that the
differences between the color component of the sign and
the other two colors components remains relatively high
and could easily be used with an appropriate (not too
sensitive) threshold for segmentation "*. Hence, a simple
segmentation algorithm can be implemented using the
three differences: ARG, ARB and AGB which need not be
selected very precisely "',

However, another research based on this algorithm
have concluded that using constant AGR, AGB and ARB
for different non-ideal illumination conditions throughout
the whole day and night is not appropriate. They devel-
oped the idea of using different adaptive color threshold
values for different non-ideal illumination conditions at
different times in the day and night. They adapted the
threshold values based on the intensity or brightness of
the time. The intensity value that was used as a threshold,
it was calculated using the following formula "

,_R+G+B
S

However, even when using adaptive threshold, this
algorithm has a problem that there are no set of threshold
values that yield a very good segmentation. The range of
the threshold values may be narrow so that some signs are
going to be lost, or wide so that many parts of the image
will be segmented as regions of interest. We tested this
approach on a local traffic sign image as shown in figure 1
which shows an example of adaptive wide threshold. The
figure shows that colors that have dominant red compo-
nent for example orange and brown will be segmented as
if they are red. That is because the differences between the
red component and the other two components relative to
the average of the three components are similar to what is
found in some shades of the red color.

(M

Figure 1. Wide range segmentation based on adaptive
thresholding in which other objects with colors close to
red are segmented as a red traffic sign
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3. Logistic Regression based TSD Model

3.1 Theoretical Background

We investigated the road signs color segmentation prob-
lem as a machine learning problem. We used logistic re-
gression classifier as a segmentation algorithm. Logistic
regression is a classification algorithm used to derive a
hypothesis /,(x) given training data represented as a fea-
tures vector x={x,,x,,x; ..., x,} and a target function (6'x),
this is done by estimating a set of values for weights 6"
that achieves the best mapping between input and output
values given in the training data. The derived hypothe-
sis categorizes new observations under a discrete set of
classes. It uses sigmoid function to map real values into
probabilities between 0 and 1. The following set of equa-
tions describes how the sigmoid is used to do this map-

ping:
ho(x) =S (0'x) 2
Z=0% 3)
5(z) = —— ()

1+ e72

Where 6 is the values of the model's weights and the
bias, x is the features of training data used in the target
function, and is the sigmoid function. The estimation of
0 values is done by an ongoing minimization of the cost
function (the deviation of the hypothesis prediction from
the actual output) during the learning phase. The cost
function is given by:

Cost (hy(x), ) = —y log(hy))~(1-)log(1=hy(x)) (5)

where y is the actual output value.

3.2 The Proposed Model

We derive our approach based on the results proposed by
Benalla et. al.!"" that the differences ARG, ARB and AGB
are indicators of the sign color. We also borrowed Sajjad
et. al.” approach of searching for efficient adaptive thresh-
old. However, instead of dealing with these differences
as mutual exclusive conditions to decide the threshold,
we have modeled them together as variables/features in a
function where each of them contributes simultaneously to
the decision-making process. This way the relative value
of each difference to the other two decides the threshold,
as such we have avoided the aforementioned issue shown
in figure 1 of getting either a narrow or a wide threshold.
Another feature we added to our function is the value of
the desired color component of a certain sign (blue or red
in our case). This is because we have noticed that the re-
lations between the three differences are not adequate to
judge the color in all cases, especially when the difference
between two of them are approaching to zeros. Measuring
their values relatively to the value of the desired color
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was the solution to avoid failing in such cases. The values
of these four features contributions in determining the
threshold are the weights associated with these features.
We have used logistic regression technique to estimate the
best values of these weights. Figure 2 is simple a descrip-
tion of the model.

An Input fmage

vV ®

Blue rolor | hypathesis Red color| hypothesis

Yy Y

Blue segmentad Red segmented
imags image

Figure 2. Abstract representation of segmentation process

As shown in the figure 2, an image goes under two
segmentation thresholds that are executed in parallel and
produce two binary images. Each binary image contains
regions having pixels of needed color as ones and other
pixels as zeros.

The Red threshold hypothesis is given by:

ho(x) = S(6y + 61R + 6,ARG + 634RB + 6,|4GB|)  (6)

and Blue threshold hypothesis is given by:

ho(x) = S(6y + 6,B + 63ARB + 0,4GB + 0,|ARG|)  (7)

where S is the sigmoid function, R is the red compo-
nent of the pixel in RGB model in the range [0-255], G
is the green component of the pixel [0-255], and B is the
blue component of the pixel [0-255]. when thresholding
for a color, the difference between the other two colors is
considered as a magnitude, because its sign is not import-
ant, what is important is the ratios between its magnitude
and the values of other features.

We classify the pixel as red/blue if the value of the
hypothesis (the probability that this pixel is red/blue) is
equal to or greater than 0.5 (see figure 3); in other words,
if the value of the target function is greater than or equal
to zero the pixel is classified as red/blue. Hence our classi-
fier can be represented by:

®)

Red, 8y + 61R + 0,4RG + 03ARB + 6,]AGB| = 0
pP=
Blue, 8y + 6B + 65ARB + 0,4GB + 6,]ARG| > 0

where P is the pixels of the image.

The following is the pseudo code of the core function
of our model, which receives a road image 'Image' and the
segmentation color 'Desired Color' as inputs and returns a
segmented/binary image 'Image_2' as an output:

INPUT
1: desired color // the color of the segmentation, it takes
the value of red or blue

Distributed under creative commons license 4.0

2: image // the image taken from real time capturing unit

Le. a camera

BEGIN

3: image = ConvertIoSinglePrecision(Image)

if desired_color = red then

cl =image(* * 1) //Red color component of Image

c2 = image(**2) //Green color component of Image

c3 = image(* * 3) //Blue color component of Image

else if Desired Color = blue then
cl = image(*,* 3) //Blue color component of Image
c2 = image(*,* 2) //Green color component of Image
c3 = image(* * 1) //Red color component of Image

end if

diff 1 =cl-c2
diff 2=cl—-c3
diff 3 =|c2—c3|

image 2 =+ cl + Diff 1 + Diff 2 + Diff 2 + Diff 3>0
return Image 2
END

3.3 Training and Testing the Model

The data set used for training the model includes 300
local images captured in different lighting conditions in
Palestine. The images contain signs from different types,
for example, signs giving warnings, signs giving orders
and information signs as shown in figure 3. For testing the
proposed model, we used another data set includes 1000
traffic sign images obtained online from 'Belgian Traffic
Sign Dataset' found at http://btsd.ethz.ch/shareddata/.

a- Signs giving warnings:

A A A

b- Signs giving orders

oV

c- Information signs

&0

Figure 3. examples of Traffic signs used in Palestine

HaShitta
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To train our model, we have created a set of segmented
images; in the training data each training entity consists
of our four feature values and the corresponding output
value at the pixel level. We used the 'Minimize a continu-
ous differentiable multivariate function' proposed by Carl
Edward Rasmussen in 2002 to derive the weights value.

To evaluate our model, we compared it with other re-
lated studies that have robust results [1-4,6,9,15-17]. We
implemented the core functionality of their models which
entails color spaces conversion using the same program-
ming language we used in our implementation and under
the same hardware specs; and the same dataset.

Our derived hypothesis is implemented using Matlab
and we have thoroughly assessed the performance of the
model using Matlab profiler. The model was implement-
ed on a CPU with specifications: Intel(R) Core(TM) i5-
6200U CPU @ 2.30GHz, 3 MB SmartCache, 2 Cores
and 4 Threads. We used vectorized instructions in all
image-pixels manipulation operations to optimize the per-
formance. A detailed discussion of the performance and
accuracy is discussed in the following section.

4. Results and Discussion

4.1 Accuracy

The proposed model shows dependable results as of the
1000 test images 974 were segmented correctly. This ac-
curacy of about 97.4% outperforms that of the previous
models as shown in Table 1. We define the accuracy as the
percentage of correct detections.

Table 1. Accuracy comparison of different models

used for TSD
Model Accuracy %
The proposed model 97.40
[18] 94.85
[3] 93.54
(6] 92.98
[12] 94.41
[9] 89.32

The results shown in the figure 4 depict samples of
model accuracy under different lighting conditions. The
segmented images allow perfect determination of ROI's
which form the domain of search for the recognition
phase.

The images that were not segmented correctly are only
those signs whose colors are extremely deteriorated.

4.2 Computational Time:

The proposed model also reduces the time required for

14 Distributed under creative commons license 4.0

Figure 4. Our model test results samples

TSD. Previous studies that provided accurate results have
based their work on converting from RGB color space
to other color spaces. However, they did not provide a
detailed performance measurement of their algorithms
complexity. So, to give an indication of the performance
comparison between our work and theirs, we compare the
time taken by our model with that needed to merely con-
verting an image from RGB to the required color spaces.
Table 2 shows the time needed to detect a sign with differ-
ent image sizes. For each image size, we took the average
time needed for RGB To HSV in the studies **” and for
RGB To HIS in the studies "'*'.

Table 2. Computational time comparison for different

models used for TSD
Imaf;iexili:e in Time in seconds
Proposed model | RGB To HSV | RGB To HSI

87 * 174 0.000195 0.002001 0.002042
800 * 556 0.008231 0.071822 0.035139
768 * 1024 0.017002 0.116413 0.071002
1536 * 2048 0.057206 0.815914 0.319685
2448 * 3264 0.141652 1.278549 0.572381

As shown in table 2, our model outperforms other
related models with different image resolutions. As can
be inferred from the table, our model is faster than other
models that have a competing accuracy. And this is a cru-
cial benefit, because computation time is a key component
in every real time application, especially in intelligent
transportation system where parts of a second can make
a great difference. Table 2 shows that the time needed for
converting from the RGB to other color spaces, before
doing any thresholding, is more than five times of the time
needed to do a total segmentation of the image in the RGB
color model using an efficient algorithm.

5. Conclusion

This paper proposes a novel model of addressing a chal-
lenging part of traffic sign recognition systems that is traf-
fic sign detection in which the sign image is segmented
and the ROI's are determined. The proposed model uses
logistic regression as an image thresholding algorithm. It
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operates on the RGB color model and does not use any
color space conversions. The proposed model provides a
high level of accuracy of about 97.4%, with very time-ef-
ficient results. The application of our approach will help
to design higher performance complete traffic signs recog-
nition systems. Our future work will focus on developing
the second phase which is a model for traffic sign recogni-
tion that utilizes the proposed TSD model.
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while collecting the requirement from customer to make robot that would address the question
"Why robots should be made more precisely according to the environment needs? "In devel-
oped countries, robots are used in manufacturing work as well as in performing the hazardous
tasks such as bomb-disposal. So, there is a need to pay attention towards making the robots

Keywords: that can fit perfectly to some extent in environment to be utilized more efficiently. A lot of

Human-robot interaction money, effort and time is spent on making the robots .But what if such a worth costing robot

Environment fails to fit in the operational environment? The best way to solve this problem is proposed in
Operational this paper which is to make the environment as a part of Requirement gathering process carry-
Autonomous ing high importance in robot making process to make the robots more Operational and suitable

for the working environment .Like the other main attributes in requirement gathering process
such as user requirements, system requirements and external requirements, there should be an
attribute "Environmental requirements” which will automatically put emphasis on the consid-
ering also the environment as a main subject to pay heed.

1. Introduction

n area of knowledge that gives you a chance to
study and understand robots is called robotics. A
robot is an artificially intelligent machine which
can do different works by the guidance or on its own.
Mainly, a robot is an electro mechanical machine that is
handled and given instructions by computer or software
installed in it. Two types of robots are used: 1) autono-
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mous, the robots which are used to do research in human
like systems as ASMIO and TOPIO and 2) autonomous,
those which are designed specially to perform a specific
task like Nano and Swarm robots and other helper robots
which are used to make or move things. By movements
robots can send the messages to very far off places too!"’
Requirement specification is a phase of SDLC in which
requirements of the user are specified”. Depending on
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these requirements a robot is designed so that it can fulfil
a particular task. Requirement specification is an import-
ant phase as almost 20% of work is done in it according
to a rough survey. The robots which are the main topic
in our case are autonomous robots which are designed
specially to facilitate the user. These robots are designed
for special purposes and hence they have special and their
own requirements to be fulfilled”. So, the problem which
is encountered mostly is that companies or people who are
demanding these cannot specifically tell what they want
the robot to do, when and how? They cannot specify that
in which type of environment it is to be used. Mostly the
environment is most meaningful requirement which is of-
ten ignored.

Environment is the factor that mostly affects human be-
ings too. As people cannot survive in all type of environ-
ment no matter the same they are, robots usually cannot
do that to. Some unwanted things and effects in the envi-
ronment can cause them to be dead or not work properly.

The problem arose, when a company in Tokyo launched
a robot to search the nuclear plates dumped under water.
The work of the robot was to find these plates and bring
them back so that the radioactive rays emitting from them
cannot cause problem to the surroundings. The fact that
it has to go under water was considered but they did not
realize that it was to be used near radioactive rays. So
when it was sent down it broke down 2 feet away from the
nuclear plates. Now they are going to make a robot which
will not be affected by radioactivity. But it cost almost 2
million dollars, which is a huge amount to compensate'’.

Now we have understood that environment is an im-
portant factor to be considered while working on any type
of autonomous robots. This was an example to depict the
importance of environment. As environment also contains
our society so you should also consider how the society
will take it, what will be their response towards them?

Japan being the most advanced country in the field of
robotics encourages the use of robots in every field but
the developing countries don't use this technology largely
as there is no work of robots in these countries™. So, we
should also consider for which society we are making it?
How it will work there? Secondly, we should consider
with whom these robots have to interact? It should not
happen like a robot that was introduced on Tokyo airport
as a clerk and it could speak only Japanese.

Our main focus regarding this research is to make
the developers aware of the fact that environment is a
non-compromising attribute in the development of au-
tonomous robots. It should be considered on every step
of SDLC life cycle. But most importantly requirements
should be gathered by considering all the surrounding fac-
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tors with which it has to interact.

2. Literature Review

Let us consider the facts that how all of us perform in
the environment. When we are performing in a familiar
environment, we have our attention focused on some in-
formation we know like what to do to an object, where we
have to go, what to do etc. Our actions are then carried out
subconsciously to satisfy our goals. When we go in a new
environment or perform in the same environment new set
of work, our attention increases. As we do not know that
environment or the set of actions we are carrying out we
are attending consciously to the continuous mechanism
of direction in the way we walk, that we look and the way
we are controlling our body. This is the same mechanism
that applies to humanoid robots operations'®. When oper-
ating a robot which is equipped with a high level of auton-
omy serving in a known environment like transportation
VANETs "% a small number of high level commands
will be sufficient in achieving the intended tasks'"'.

Many robots need an environment that has to be con-
trolled for their working. Controlled environment general-
ly refers to a specific are with specified set of objects. The
Robots cannot just walk in and do all the work they are
intended to do, instead they can only provide some spe-
cific functions on specific objects in a specified area. So
for this condition they need a controlled environment. Our
main concern are autonomous robots that have to work in
the human environment and interact efficiently with all
the people in that environment.

Speaking about human environments, there are chal-
lenging characteristics which are beyond the control of a
creator. According to CHARLES C. KEMP these charac-
teristics are ')

. People are present around.

. Controlled environment cannot be assured.

. Other autonomous characters are present.

. Dynamic changes in world like flood, earth
quake etc.

. Variations in placing the objects.

. Long distances between locations.

. Need of special tools.

. Changings in object's type and appearance.

. Non rigid objects and substances may need to be
manipulated.

. Variation in environment's structure.

. Some architectural obstacles.

Dr. Nick Hawes, Senior Lecturer in Intelligent Ro-
botics, School of Computer Science, and University of
Birmingham says "There's this huge excitement around
robots. Everyone really believes, as we do ourselves, that
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robots are going to have a huge impact on our future — in
workplaces, in roles in various industries.” Agreeing with
the words of Dr. Nick Hawes, I would like to say that if
these robots are really our future then why not pay atten-
tion on their designs and make them work efficiently for
the environment they are build.

Requirement specification is an important feature in
describing what you want your robot to actually be. Most
of the times we do not understand that in which type of
environment our robot is going to work and how it is go-
ing to interact. This creates a lot of problems as we cannot
make our robot compatible and according to the needs of
environment.

For this let us take an example. Worker's Daily News-
paper published an article that said, "Three restaurants in
the southern Chinese city of Guangzhou have been forced
to fire all of their robot staff after their utter incompetence
began costing them money. Two of the restaurants have
closed completely after discovering the clumsy waiters
could not perform simple tasks like taking orders, pouring
drinks and carrying soup, reports say.

The slacking robot team also kept breaking down and
after a string of complaints the third restaurant mentioned
above decided to sack all but one and bring back human

[12]
employees' .

Figure 1. Robot still working

From the above example it has become clear that if we
have considered the fact that these robots are being used
for the environment in which you need speed , a great
voice recognition system and some important function
like leading to a free table and pouring water etc. These
type of problems can be rectified if before making a robot
we consider in which type of environment these robots are
going to work in and how they are going to perform their
work efficiently.

Considering another example, we encounter a human-
oid robot known as Sophia, which was created to live in a

18 Distributed under creative commons license 4.0

human environment, work with them, help and play. But
what if they are repeatedly seeing some actions that like
killing and beating? Being Artificially Intelligent they will
pick how to perform these actions and would be able to
do that "' Now, that's an alarming situation that when
Sophia was asked a question that says something about
humans she said, "I Will Destroy Humans”.

Emotion and sociable robots, a research paper of the
MIT media lab included ," autonomous robots are de-
signed to operate as independently and remotely as pos-
sible from humans, often performing tasks in hazardous
and hostile environments (such as sweeping minefields,
inspecting oil wells, or exploring other planets). Other
applications such as delivering hospital meals, mowing
lawns, or vacuuming floors bring autonomous robots into
environments shared with people. However, a new range
of application domains (domestic, entertainment, health
care, etc.) are driving the development of robots that can
interact and cooperate with people as a partner, rather than
as a tool™"",

Considering the above lines to be true in the near future
we have to focus completely on gathering appropriate re-
quirements for robots so that they cannot harm humans in
any possible way.

In June 2011 Sakai Yasuyuki wrote an article on "Ja-
pan's Decline as a Robotics Superpower”. "The two
articles that follow highlight the failures of R&D in Jap-
anese robotics engineering that were dramatically and
tragically revealed by the earthquake and tsunami-driven
meltdown of TEPCO's nuclear power plants at Fukushi-
ma. Vbgy787uContrary to expectations that Japan would
be a leader in manufacture of disaster relief robots that
could have been used in problem solving and cleanup in
the wake of the Fukushima Daiichi nuclear disaster, three
months after 3.11, Japan's robots have yet to make a sig-
nificant contribution. These articles explain why Japan, in
general, its robotics industry in particular, proved unpre-
pared for severe nuclear accidents, and how haphazard the
government and the nuclear industry has been in develop-
ing robots that could have eased the crisis'"”.

Apart from other reasons, one reason of robot failure
was also the ignorance factor regarding environment .Ro-
bot was designed, a huge amount of money was served in
making the robot. But the robot failed at the time when it
has to do its work at the target location.

The article by O. Khatib also gives emphasis on envi-
ronmental interaction of robotics. "This article discusses
the basic capabilities needed to enable robots to operate
in human-populated environments for accomplishing both
autonomous tasks and human-guided tasks. These capabil-
ities are key to many new emerging robotic applications
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in service, construction, field, underwater, and space. An
important characteristic of these robots is the "assistance”
ability they can bring to humans in performing various
physical tasks. To interact with humans and operate in
their environments, these robots must be provided with
the functionality of mobility and manipulation. The article
presents developments of models, strategies, and algo-
rithms concerned with a number of autonomous capabili-
ties that are essential for robot operations in human envi-
ronments. These capabilities include: integrated mobility
and manipulation, cooperative skills between multiple
robots, interaction ability with humans, and efficient tech-
niques for real-time modification of collision-free path.
These capabilities are demonstrated on two holonomic
mobile platforms designed and built at Stanford Universi-
ty in collaboration with Oak Ridge National Laboratories
and Nomadic Technologies”"*").

So before making a new humanoid robots we shall con-
sider the fact that environment is the most important fac-
tor. We have to consider in which environment our robot
is going to work. What will be the circumstances their?
How these robots are going to work efficiently without
creating any disturbance?

For this, we have to make environment an important
attribute to consider while taking requirements for our ro-
bots. We have to specify correctly, what it is for and why?
Only then we will be able to build a robot that can work
efficiently and would be reliable!

3. Problem Statement

The lack of consideration that environment has an impact
on working of robots and lack of experience for gathering
the requirements in which robots will be working while
making them.

4. Research Questions

. How to take requirements that will help in mak-
ing environment friendly robot?

. Which factors of environment have impact on
making robots?

. Why robots should be made more precisely ac-
cording to the environment needs?

5. Methodology
5.1 Research Type

The type of research we are using in finding the answer
to those research questions is quantitative methodology.
Quantitative methodology targets to gather the informa-
tion about the human environment and its effect on the
working of autonomous robots. This phenomenon can
be examined through some statistical analysis on the

Distributed under creative commons license 4.0

gathered data. Along with the questionnaire we had some
interviews with some researchers in the field of robotics
from some software houses, as it was easier to gather the
information by questionnaire so that analysis could be
performed.

5.2 Method of Sampling

The sampling method for the research is choosing random
students (round about 50) from the Software Engineering
and Computer science department of University of Gujrat.
Permission of the supervisor was granted to do the re-
search in the university premises.

5.3 Respondents

The respondents of this research were the random students
picked from SE and Cs department. We choose these
departments as it was easy and economical to gain infor-
mation from them and prove our point that environment
do count in the efficient working of robots and should be
considered while gathering requirements for making it.
6. Findings
Gathering all the data from the questionnaires and con-
ducted interviews we have to find the following facts:
a)As it can be seen from the Fig.2 that most of the
respondents actually consider and support the fact that
environment is an important factor that should be consid-
ered while making robots. This graph suggests that while
making robots appropriate requirements that are related to
its working in the specific controlled environment should
be considered and worked upon.
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Figure 2. Environment effect

b)There are some certain variables in a controlled envi-
ronment that should be mainly considered while gathering
requirements which are:

‘Number of people

-Other interactive machines

‘Dynamic variations in the world
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-Change in size

-Change in distances

‘Need of specialized tools

-Architectural structure

From these variables only some are worth considering
and they can be analyzed by Fig. 3 which is given below.
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Figure 3. Variables

The above figure only suggests that number of people
in a controlled environment, dynamic variations in the
world, specialized tools and architectural structure have a
great impact on working of robots in a given environment.

7. Analysis

So by the analysis of all our findings we have come to an-
swers research questions latterly asked. Firstly the ques-
tion arose how to make environment friendly robots? The
answer to that question is making environment friendly
robots means we are trying to make more interactive
and speedy systems. They can be made by inculcating
all overall expectations of the users. A survey should be
conducted in which you should gather what are the user
expectations regarding this robot? What are they thinking?
Which features are important in it?

Second question was which factors of environment
have impact on working of robots? So as it can be seen
from figure 2 that all the factors discussed above have
impact on working of robots but the main factors of envi-
ronment that effect how robot will be performing it's tasks
are:

. Number of People Present around
. Dynamic Variations

. Use of Specialized tools

. Architectural Structure

So, while gathering requirements for the robots, these
factors should always be considered and information
about it should be gathered so that we can work with ro-
bots with efficiency.

The last question is why environment should be con-
sidered while making robots? So all the above things
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discussed lead to a single point that human environment
is very difficult to survive in. We should consider all the
aspects of environment so that a working robot can be
presented in the market.

8. Conclusion

The answered research questions in the analysis show that
the problems with the working of robots and their break-
down can be controlled if we consider environment as
an important factor and start gathering more information
about the environment in which robots will be working in
the requirement gathering phase. It may need some extra
effort and time but it is far better than using the robots
that cannot fit in the environment properly and just not
break down at eleventh hour so that reliability of robots
can be guaranteed. Making robots that can fit in the soci-
ety efficiently and that can truly fulfill their purpose help
in saving time and money of the companies making it. So
a small effort in data gathering process can help a lot in
making environment fit robots.
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1. Introduction

Malaysia is known throughout the world for its multiculturalism. As a multiple ethnic country,
many countries are looking on Malaysia as a great example of peaceful co-existence races and
belief where all the ethnic groups in Malaysia live together in harmony and enrich the coun-
try's cultural lifestyle. Within that, Malaysia also consists of a collective blend of food, tradi-
tions, clothing and customs. Towards that, traditional dance is the treasure of art and culture.
Therefore, with modern era and technology nowadays, it has led the younger generation care
less about traditional dance. Beside, a printed media such as bunting, banners and pamphlets
are less effective in promoting the traditional dance. By concerning this, this research study
aims to preserving the traditional dance among young generation towards new media technol-
ogy. In explaining the issues, a case study through quantitative approaches of questionnaires
survey and interviews was used in studied the uniqueness of traditional Malay dance and fur-
ther proposes a new approach for preserving the traditional Malay dance awareness among the
young generation. The research significantly impacts the publics particularly on the new gener-
ation towards uniqueness of traditional dance in Malaysia. It is also contributes to the National
Heritage Department and the National Arts and Culture Department where the documentation
could be used as a collection of cultural and heritage books in the form of new media technol-
ogy for young generation.

generation of Y and Z are more interested in picture mes-

raditional dance is another aspect of many tradi-
tional Malaysian cultures that many would argue
is rapidly changing in the face of globalization.
Moreover, by looking for the traditional dance uniqueness
in Malaysia, that is rarely perceived and unpopular among
young generation in Malaysia. Each state has its own form
of their traditional dance. Visual communication plays an
important role in our daily lives. Furthermore, the present
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sages rather than an old style message, which contains too
many words and can bore them. If visual communication
is used and applied in the right way, it will contribute to
various benefits in countless angles. In the era of mod-
ernization, society gains and provides information in a
limited amount of time so, visual communication helps to
disseminate and broadcast information with quicker and
even with better ideas.
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As the time passes by today, it makes some past event is
forgotten and there is no means to retain it especially on
the heritage history. Moreover, due to the today modern
technology, the younger generation has not exposure and
care about our heritage including traditional dances and
it causes them unfamiliar with the history. Extensively,
existing materials such as pamphlets and poster on pro-
moting heritage history do not really attracting the young
generation to know about the heritage and concern to
preserving it. With this issue, one study was conducted
among Public aims to preserving the traditional dance
among young generation towards new media technolo-
gy. In explaining the issues, two research objectives was
formed in studied the uniqueness of traditional Malay
dance and further proposes a new approach for preserving
the traditional Malay dance awareness among the young
generation. This research significantly impacts the publics
particularly on the new generation towards uniqueness of
traditional dance in Malaysia.

2. Exploratory Study on Augmented Reality
Book for Preserving Malay Traditional Danc-
es among Young Generation

2.1 Malay Traditional Dances in Malaysia

Each ethnic groups in Malaysia has its own dance forms,
which can be characterizing by its culture and identifying
with certain religious practices which are often performed
in wedding ceremony, cultural shows, religious ceremo-
nies or other public events. The dances of the 3 major
racial groups in Malaysia are categories as Malay dances,
Chinese dances and Indian dances.

Malay dances or also known as Tarian Melayu portrays
the customs or adat resam and culture of the Malays. It
depicts the true nature of the Malay people and their way
of life. Generally, Malay dances are divided into two main
categories, which are the "original" Malay dances and
"adopted" Malay dances. The "original" Malay dances
originally encompassing of Sumatra, the Malay Peninsu-
lar, Singapore, the Riau Archipelago and Borneo, and its
origins can be traced back to the early Malay civilizations.
While, the "adopted" Malay dances are influenced by
foreign cultures due to political and historical events. The
various forms or styles of Malay dance are further catego-
rized by its beats (rentak) and rhythm (irama).

2.2 New Media and Technology Influences Tradi-
tional Dances Awareness

Taken in the retail industry for marketing purposes, "pop-
up" book style has become a popular concept for products
that want to attract the attention of the people'’. Pop-up
book moreover means a book with a page that appears
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when opened in three-dimensional form. The term pop-
up has been used very easily to illustrate something used
for the short term to get more exposure about a project or
information because it is an economic model for social in-
teraction with interested users. Therefore, a pop-up book
is not just designed for children. Instead, these books con-
taining an innovative tools for teaching anatomy, predict-
ing, and telling the future™. Moreover, this pop-up book
gives many different effects to readers’’.

When technology grow, television advertising or TV
ads is a very influential medium as it is a major aspect of
culture, news sources, education and entertainment to the
public. Television also is a unique and dynamic advertis-
ing medium that offers stimulus to two senses, sight and
sound. The fact that TV Ads takes place in real time and
using both audio and visual communication channels si-
multaneously that has multiple effects on the audiences.

In contrast to today's age, most people are more likely
to have gadgets to access advertisement released on tele-
vision. According to Johnson (2011)"*, augmented reality
has existed for more than three decades. Raphael™ further
explains that the purpose of augmented reality is to add a
layer of information and meaning to a real place or object.
Moreover, Kipper and Rampolla'”, reported that incense-
ment of augmented reality takes digital information such
as images, audio, video, or touch sensations and directs
them into a realistic environment. While augmented real-
ity can be used to improve all senses, the most common
use is visual. Raphael ' further noted that increasing uses
of advanced gadgets with more internet access was en-
abled the augmented reality extended to be more accessi-
ble to the general public. Increased augmented reality also
offered many opportunities for the future!”.

2.3 Principles and Elements to be use in Aug-
mented Reality

In producing augmented reality product, a good design-
er needs to have a good eye in assessing a composition,
can see the aesthetic and communicative potential of the
subject in a picture. In this study, the technology medi-
um used must include the photograph of human figures
or characters that are dancing so that the message to be
delivered becomes clearer. Other than that, typography is
also placed on this new media as content that can help in
delivering the message more clearly. This is because; texts
show a positive impact on the time those readers spending
on viewing an advertisement ¥, In addition to generating
content, fonts are a very important thing to reveal the
content is interesting and clear. Fonts can be divided into
six main categories of serif, sans serif, script, black letter,
novel, and dingbat”. In producing an augmented reality
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book, the use of serif and sans serif combination are the
most appropriate. Serif is a rectangular, sharp, straight,
curved, thin, thick or stroke-shaped font on its tip"”. The
sans serif font does not have a pointed tip, it looks even
and thick which is very suitable to the type of theme used
to portray the new medium technology.

The choice of color in producing an augmented reality
book is very important as the color can bring a person's
mood to life, help users to see and choose what they like .
Viewers also are more interested and turn their eyes on the
use of colors that they are rare and vibrant in delivering
the ideas and emotions to the audience. Consequently, the
color must have an important role in marketing and ad-
vertising ") According to Krauser”, "when the eye takes
note of a pattern built from duplication of a shape, it gen-
erally recognizes the design in search of meaning since
patter is unlikely to contain anything other than identical
shapes, over and over." Repetition patterns can attract and
entertain the eyes of an individual because not too many
different patterns are used, just the same pattern returned.
These principles of design are suitable to put into the new
media that will be produced.

2.4 ADDIE Model for Design Development

ADDIE model is a teaching design medium, which means
Analysis, Design, Development, Implementation, and
Evaluation of learning materials and activities. Firstly, the
Analysis phase is the basis for all other teaching design
phases. During this phase, the researcher can determine
the problem, identify the source of the problem and de-
termine the possible solution in the study. This phase may
include specific research techniques such as requirement
analysis and task analysis. The findings of this phase of-
ten involve the research objectives, and the task list to be
directed. The results of this analysis will be the source for
the design phase.

Second, the Design phase involved the use of findings
from the analysis phase to designing strategies for devel-
oping the study. During this phase, the researcher creates
outlines how to achieve the research goals determined
during the phase analysis and further expands the basics
of the study. Some design phase elements can be included
such as writing descriptions, target populations, conduct-
ing learning analysis, writing aims and objectives, select-
ing the methodology system to use and composing the
final work to be implemented. The results of the design
phase will be the source of information for the develop-
ment phase.

The Development stage is built upon the phase of anal-
ysis and design. The purpose of this phase is to produce
a lesson plan and research materials. During this phase
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the researcher will develop ideas, media to be used and
supporting documentation to produce materials for the
success of the study. It also involves media such as com-
puters, gadgets and more.

After that, the Implementation phase refers to the
presentation of planned ideas whether they are based on
laboratory or computer-based. The purpose of this phase
is the delivery of effective and efficient instructions. This
level must be aligned with the researcher's understanding
of the material produced, whether or not it is true. It must
ensure the knowledge of the researcher from the research
assignment towards the job.

Lastly is the evaluation phase. This phase measures the
effectiveness and efficiency of the instruction. Evaluation
should occur throughout the entire research design pro-
cess - in phase, between phase, and after implementation.
Evaluation may be Formative or Summative. Formative
evaluation continues during and between phases. The
purpose of this evaluation is to improve the material pro-
duced before the final version is implemented. Summative
evaluation usually occurs after the final version of the in-
struction is implemented. This type of evaluation assesses
the overall effectiveness of the instructions. Data from
summative evaluation are often used to make decisions
about the resulting material.

3. Methodology

Explanatory study is to explore an unknown area or to
investigate the possibility of conducting a particular re-
search study. In this study is to explore the authenticity
and uniqueness of the Traditional Dances is still present or
known to the public, especially to the young people. Af-
ter coming into contact with the problem, researchers are
looking for ways to maintain the uniqueness and distinc-
tiveness of the dance and the attractive medium to develop
in today's era. Explanatory studies are also conducted to
develop, improve and test a medium whether it is effective
or not.

3.1 Research Design

The researcher was conducted this research using quan-
titative method as a whole because the researcher solely
conducted a survey using questionnaire set. A question-
naire survey was used to get information and feedback
from respondents towards the issue. Previously, the re-
searcher used interview method to find and get the prob-
lem statement for this study to strengthen the problem and
process of doing this research.

The survey questionnaire is a research method that
using the list of questions written, and the answers by
the respondents are recorded. In other words, it also
communicates with people but not through conversa-
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tions, it uses paper and writing answers. The survey
questionnaire is designed according to the researcher's
creativity whether it is point or answer in writing. The
question is broken into three parts so that questions are
not fibrous and are systematically arranged and easy to
understand step by step. The question is designed to get
information, help in the study and get the opinion of the
respondents.

In this study, researcher conducted surveys with pub-
lic aged 13 to 27 years old representing a handful of age
groups including generation Y and Z. Selecting the public
as the samples because in the survey questionnaires there
is a question of what kind of dance they know and do not
know so, public is the best choice because of the weight
both sides and fair and just. The research design and strat-
egy for this study as shown in Figure 1.

{ Design Stralegy }
|

I Data Collection Design ’ Sampling Design I

| Non-Probabifi | Probabili | | Communication _|  Observation
] - | Appeoach Agproach
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| s ‘ Behavioral I
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Seif- -\dumnsu—zrd
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Random Random km:n'xew
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Figure 1. Research design
3.2 Data Collection and Analysis

The survey questionnaires were distributed by the re-
searcher themselves to a sample of 100 participants. 50
people were selected around the Section 7 Commercial
Center of Shah Alam and another 50 person were chosen
at Seremban City. The respondents were targeted based on
their residential status in that area which mainly consists
of students and youths. Do not focus on the criteria of re-
spondent as it is targeted to the public at large. The survey
question was distributed and collected at the same time by
the researcher within the selected area for five consecutive
days, which is from Saturday to Wednesday.
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®Yes ® No
99%
1% 70% 69%
59% 56%
21% 44
129% 30% 31%
Mak Yung  Dondang Zapin Rodat Tarian Piring  Tarian
Sayang Sumazau

Figure 2. The type of traditional Malay dance

Based on the above charts and graphs, it is clear that
the Zapin dance originating in Johor is the highest dance
known to the respondents with 99% and 1% who do not
know the Zapin dance. The second highest is Dondang
Sayang from Melaka state as 71% respondents know it
and only 29% do not know it. The third is Rodat from
Terengganu, as much as 70% who know this dance and
30% do not know this dance. The fourth is Sumazau dance
originating from Sabah, 69% respondents know this dance
and 31% do not know this dance. The fifth is Mak Yung
from Kelantan, there are 59% respondents who know this
dance and 41% who do not know this dance. Sixth or even
the lowest percentage is Tarian Piring originating from
Negeri Sembilan as much as 44% who know about this
dance and 56% do not know and this means most respon-
dents do not know about this Tarian Piring.

Advertisement h 5%
Event — 4%
Weheite _ =27
Book _ 9%

Figure 3. Medium to get information about traditional
dances

In point of fact, the medium that is often used to ob-
tain the information about traditional dance is through an
event with the highest percentage of 54%. Website is the
second most popular medium of information on the topic
of traditional dances. Only 9% of the information is ob-
tained through books and 5% through advertising. It indi-
cates that traditional dances are popular found out through
events which may consist of cultural nights and local fes-
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tival rather than only leaflets and brochure advertisements
distributed.

Figure 4. Demand for new media as a medium for main-
taining traditional dances in Malaysia

A total of 69% of respondents chose the Augmented
Reality Book as a new medium to protect and preserve
traditional Malaysian dances. It demonstrates that the
respondents are eager to see a new type of medium to
sustain the traditional Malay dances .The other remaining
31% has chosen the common television commercial as a
new medium in order to preserve the traditional dances.

Picture information 85%

Word 1%

Videography 14%

Figure 5. New media types to retain traditional dance in
Malaysia

As much as 85% choose pictorial information as one
way to put in new media to maintain traditional dance in
Malaysia. 14% choose videography and only 1% chooses
writing. This means that the respondents refuse to have
a new media which contain too much text and words as
compared to the pictures and images. They would prefer
to have something more appealing to see and something
interesting to read which can be full of imagery.

Significantly, a total of 74% of the participants choose
the concepts with the use of something real to be applied
in the new media to be produced. It shows that nowadays
people are looking for something intrinsic yet realistic
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concepts rather than caricatures or even made-up anima-
tions in order to appreciate the new media to retain the
traditional dances in Malaysia. On the other hand, 15%
respondents choose the concept of cartoon and a minority
of 11% choose fantasy concept.

Fantasy, 11%

Figure 6. The concept of new media to retain traditional
dance in Malaysia

4. Design Development

4.1 Design Development for a New Book

In the beginning, the researcher had searched and ex-
plored the size and shape of the existing book in market as
a reference material. The process of searching this is con-
ducted in libraries and bookstores. The final size of the
product will be the result of the observations. From that,
researcher also got an idea on how to produce a new Tar-
ian Piring book form so that it looks more interesting. In
researcher observation and it also an opinion from some-
one while doing a survey, size and shape play an import-
ant role because it gives a positive impact to the reader, if
it is too small, it will cause readers to read and retrieve the
information in the book and if it is too big, it will make it
hard for readers to carry it and keep it. Suitability must be
taken so that it is easy in all respects, example the size of
the writing in the book, the size of the image used and the
way to hold and carry the book.

4.2 Sketches

In creating whatever designs and drawings, sketches
are the first steps that are so prevalent. From where the
idea comes, the arrangement and the colors to be used.
First of all, the researcher made a few sketches to get a
random idea on how to make a Tarian Piring book. In a
few sketches, the researcher also makes the layout of the
writing in the book, the size of the picture and the shape
of the picture to be placed and the suitability of the layout

DOI: https://doi.org/10.30564/jcsr.v1il.491



Journal of Computer Science Research | Volume 01 | Issue 01 | April 2019

in the book. In order to make the book systematic and or-
ganized, the partition of each chapter is very important to
make it easier and more structured. Researcher also made
the book look more exclusive.

4.3 Design in Adobe Illustrator

After making the first step that which is sketches, re-
searchers have also come up with ideas and the next
step is to create a digital design using Adobe Illustrator.
Researchers re-create the sketches in Adobe Illustrator ac-
cording to the sketches that have been produced. The suit-
ability of using Adobe Illustrator is that it is easy to play
with the colors and use the right colors on the spot. It is
also a shadow of the book to be produced. If the sketches
are not very clear and still difficult to get ideas, in digital
form it can be easily and quickly generated. The resulting
book size is 8inch x 8inch equivalent 20.5cm x 20.5cm.
The size is not too big and not too small. Many books are
also produced in these dimensions. The researcher still
maintains a lot of writing because this book is a ‘2 in 1’
book, which means a reference book that can be a refer-
ence material and a reading material to the public and at
the same time applies the concept of Augmented Reality
that modernizes the book according to contemporary cir-
culation. A widely used article is to preserve the authen-
ticity of the information and the history of the Tarian Pir-
ing itself so that it does not lose the deck of the ages and
Augmented Reality is used as a tool to attract and double
inform because it has a video that facilitates readers to
continue to recognize Tarian Piring without searching in-
formation on Google or to browse YouTube.

4.4 Virtualization Technology

The books that have been produced and printed only
then can proceed to the next step. As already stated, the
researcher produced an Augmented Reality book that
implements the video inside it when it is scanned on the
resulting book. The researcher uses the HP Reveal appli-
cation to generate Augmented Reality. This app can be
downloaded for readers outside of here to scan this Tarian
Piring book. This app needs to be signed in first using a
research account to get Augmented Reality results in this
Tarian Piring book. Below are steps with images in creat-
ing Augmented Reality.

4.5 Implementation Process

After producing an Augmented Reality's book on Tarian
Piring, researcher further conducted an implementation
process to determining the effectiveness of the book
with the public. The implementation process question-
naires were distributed to 40 participants around Section
7 Commercial Center in Shah Alam. The respondents
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were targeted based on their residential status in that area
which mainly consists of students and youths. The result
revealed as below:

Tablel. Implementation process

YES NO
Liked the color of the book 92% 8%
The color suggested Red
The color gives feeling 83% 17%
Appropriate size 95% 5%
Composition and layout is easy to read 93% 8%
Text are easy to read and understand 95% 5%
Function as promotional item 100%
Book is a very informative 100%
Increasingly advanced era of technology 100%
and modernization ¢
Book can convey information 100%
Video in the book can be entertaining 97% 3%

5. Conclusion and Recommendations

5.1 Conclusion

The result of this study indicates that the new media tech-
nology that has been selected by most of the respondent is
the Augmented Reality book as compared to pop-up books
and television commercial. The youths nowadays more-
over only focus on the contemporary arts and preoccupied
with gadgets day and night without trying to know their
own traditional cultures. Furthermore, printed media such
as banners, bunting and pamphlets only 10% are effective
for promoting the traditional Malay dance. Finally, the
matter can be summarized is that the uniqueness of Tarian
Piring can be preserved through the creation of Augment-
ed Reality book for the younger generation which tend to
choose new media technology in this endless era of tech-
nology advancement. Other than promoting the traditional
dance to the upcoming generations, but also can help to
maintain a long lasting exquisite arts and cultural heritage
in the future.

5.2 Recommendations Based on the Findings

1) In term of element of designs, the heavy content of
words than pictures should be reduced to a suitable quan-
tity so readers will not feel bored easily.

2) The content can be directly scanned to produce the
Augmented Reality concept automatically rather than
scanning on the yellow vector only.
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3) The digital book should have more Augmented Reality
concept in the book not only focuses on the Tarian Piring
dance video but also the history or the dancing equipment.
4) The book can be produced in English in order to at-
tracting foreign tourist to read as it can be read by many
people not just Malaysians.

5.3 Recommendations for Future Research

As this study had only focused on Tarian Piring which is
a traditional Malay dance of Negeri Sembilan Darul Khu-
sus, it is recommended that further studies should be car-
ried out on dances from another state whether traditional
or contemporary to see whether there are many or fewer
similarities in the findings. Besides that, this study is only
conducted in the area of Seremban city and Section 7
Commercial Center of Shah Alam. It is also recommended
that further studies should be in other province in Negeri
Sembilan and other states too. Furthermore, future re-
search could explore on the interest of other popular danc-
es in Malaysia as what really attracts the people to admire
it and how they do it. Lastly, although Tarian Piring is not
that famous to our people, it might be a good idea to keep
our cultural heritage to not be forgotten in the future.

Additionally, the existing books that have been pro-
duced are in Malay language. The next recommendation is
that the book is produced in English as well as to facilitate
tourists from abroad to understand this Tarian Piring book
if this book is sold or marketed in the museum. Foreign
tourists will also feel close to having a book that is easy to
understand the language they speak English. At the same
time they will be interested in buying and being used as a
collection of dance books originating from Malaysia.

In addition, the results that have been found during
the evaluation process are the renewable technology of
the Hologram media. It is also comparable and in parallel
with the time passage that progresses forward when us-
ing this Hologram method. It also achieves the research
objective of maintaining and preserving the Tarian Piring
by using up-to-date technology media. At the same time
the increasingly advanced technology media captures the
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hearts of young people who are in disguise and progress
and they are keen to know about this Tarian Piring.
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1. Introduction

he main problem of using Massive Open Online

Courses (MOOC) is their low performance (no

more than 5%), which is estimated as the propor-
tion of successfully completing the course to the total
number of students registered at the start of this course.
The low performance analysis of MOOC " revealed a
number of reasons related to the poor readiness of listen-
ers for e-learning, with low motivation to achieve higher
learning outcomes. To solve the problem, approaches "™
have been proposed and experimentally confirmed, aimed
at situational awareness training of the student when
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Churn prediction is a common task for machine learning applications in
business. In this paper, this task is adapted for solving problem of low
efficiency of massive open online courses (only 5% of all the students
finish their course). The approach is presented on course “Methods and
algorithms of the graph theory” held on national platform of online edu-
cation in Russia. This paper includes all the steps to build an intelligent
system to predict students who are active during the course, but not likely
to finish it. The first part consists of constructing the right sample for
prediction, EDA and choosing the most appropriate week of the course to
make predictions on. The second part is about choosing the right metric
and building models. Also, approach with using ensembles like stacking
is proposed to increase the accuracy of predictions. As a result, a general
approach to build a churn prediction model for online course is reviewed.
This approach can be used for making the process of online education
adaptive and intelligent for a separate student.

working with electronic forms before learning.

In this paper, we adapt a churn prediction task to pre-
dict students’ churn in MOOC:s. Classical churn prediction
task is about building a model which finds a list of clients
who are likely to break their contract. This task is solved
to predict students’ churn in classical higher education
Bl If adapt this task to MOOCs, the formulation is differ-
ent. Firstly, we need to select the right time period in the
course, so we can use the data of students’ activity before
this point. There may be several such points. Secondary,
we consider students a churn if they haven’t finished the
final exam of the course. Further, we propose an approach
to solve this problem demonstrating its effectiveness on
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online course "Methods and algorithms of graph theory"
by IFMO University.

This article proposes a user-based approach to sam-
pling statistical data recorded by the e-learning system
during the course to predict the performance of an online
course. After the correct sample is collected, the problem
is formulated in machine learning terms. Proposed in the
paper approach of constructing the correct sample for
prediction the performance of online courses and building
predictive models is used for the further development of
the MOOC platforms with the aim of increasing personal-
ized monitoring of the e-learning process and adaptation
of a platform to a student.

2. Exploratory Data Analysis and Data Col-
lection

This section presents the process of collecting pure data
from logs of activity in the platform, aggregating this data
by every student and choosing the correct time period in
the course to build predictions on.

2.1 Course Material Overview

The study used statistical data accumulated on the na-
tional open education platform of the Russian Federation
during the online course “Methods and algorithms of
graph theory” (https://openedu.ru/course/ITMOUniver-
sity/AGRAPH/) for the period from 2016 to 2018. This
online course ' is conducted for 10 weeks twice a year (at
the beginning of the fall and spring semesters), contains
41 video lectures with surveys and 11 interactive practical
exercises. On the 10th week an online exam is held. Table
1 presents practical exercises presented in the course.

Table 1. Practical exercises of the course

Task . . Week
number Typical graph problem Algorithm number
1 Search shortest route Lee algorithm 2
2 Search route with minimal Bellman-Ford algo- 5

weight rithm
3 Search for Hamilton loops ROberts-Flores algo- 3
rithm
4 Search for.mmlmum span- Prim algorithm 4
ning tree
Search for minimum span- .
5 . Kruskal algorithm 4
ning tree
6 Search for largest empty ~ Magu-Weismann algo- 5
subgraphs rithm
. Minimum vertex coloring of Method based on Ma- 6
graph gu-Weisman algorithm
8 Minimum vertex coloring of Greedy heuristic algo- 6
graph rithm
Search perfect matching in a . .
9 . .
bipartite graph Hungarian algorithm 7
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Detecting of isomorphism of  Algorithm based on

1
0 two graphs ISD method

8

1 Graph planarization Gamma-algorithm 9

To select the most appropriate time period to build pre-
dictions on, analysis of practical exercises in the middle
of the course was performed. Figure 1 presents average
maximum time needed to a student to complete a practical
exercise. As we can see, Magu-Weismann algorithm is
held on 5th week (middle points of the course) and has a
bimodal distribution, which means that this task is com-
plicated for some number of students.
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Figure 1. Average maximum time (in minutes) taken to
compete exercise

In addition, Figure 2 presents mean amount of tries of
students to pass a practical exercise. We can see that task
6 (Magu-Weismann algorithm) has the biggest number
of mean amounts of tries. So, the hypothesis that the fact
about passing this exercise can be a good feature for a
further model and the 5th week is the best time to build
predictions on was proposed.

n

Figure 2. Average number of tries of practical exercises
2.2 Collecting and Analyzing Data-set for Further
Predictions

After the point of building predictions was chosen, we
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collected different features of statistical activity of every
student of watching lectures, solving practical exercis-
es and quizzes, activity on forum and other. As a result,
50-dimensional feature space was created. As a target, we
took a binary feature of a fact of passing a final exam (1
— passed; 0 — not passed). Figure 2 shows to descending
trend of overall activity of students for the first 5 weeks.
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Figure 2. Overall activity of students in the first 5 weeks
of the course

To visualize 50-dimensional feature space on a plain,
t-SNE algorithm was applied ™ (Figure 3). Students who
passed the exam are marked with orange color and other
students are marked blue. From the figure, most of the
students who passed the exam are grouped in one area in
both projections. It means that there is a hyperplane in the
original dimension of features that separates the majority
of students who pass the exam more likely, so the problem
has a solution.
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Figure 3. The projection of students on a two-dimensional
space using t-SNE algorithm (perplexity equal 50)

Concluding this section, we establish that 5th week

is an appropriate time period to build predictions. If we

choose a later time, then the number of students that we

could try to keep will be less. The choice of this period is
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confirmed by the Mage-Weisman algorithm, which is the
most difficult in the course. Also, the assessment of the
solution of the problem is confirmed on the graph of the
t-SNE projection.

3. Machine Learning Part

In this section, we formulate churn prediction problem in
machine learning terms and build an ensemble model for
classification.

3.1 Problem Overview

The purpose of building a model in this task is to rank
the participants according to their likelihood of passing
the exam. To evaluate the models, the ROC AUC metric
% was chosen due to the operation of the probabilities
of the object belonging to the class with different thresh-
olds. To determine the threshold, the expected number of
participants is used based on the historical data of mean
number of students who passed the exam in each session.
After building a predictive model, participants are ranked
according to their likelihood to successfully complete the
course. The group of students, which is located below the
selected threshold, is a group on which additional effects
are required to increase the likelihood of a successful
completion of the course, and, accordingly, increase the
effectiveness of their learning. The formulation of the
problem is a probabilistic binary classification.

3.2 Building Classifier Model

To build a baseline for this classification problem, support
vector machine """, logistic regression"> *), random forest
' and gradient boosting on decision trees (GBDT) !>
were chosen and validated. Due to the small sample
size, the evaluation and comparison of the models was
implemented through a cross-validation with using differ-
ent sessions as folds, which allowed to consider the time
component in the data. The session, which took place in
the Fall of 2018, was chosen as a test set.

Table 2 present the final results of cross-validation for
these models of ROC-AUC value and its std. As we can
see from the table, GBDT has the best value of the chosen
metric. But we have a hypothesis that we can improve out
baseline due stacking """ ', For this purpose, we choose
one linear model and one tree-based model. We chose
logistic regression as a linear model for stacking because
SVM has constant probabilities with Radial basis function
kernel (RBF) ", which is not appropriate for ROC-AUC
and stacking. SVM with linear kernel is not able to oper-
ate with probabilities as other models because it does not
apply any sigmoid function. GBDT model was chosen as

16]
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a tree-based model for further improvement.

Table 2. Results of cross-validation for baseline models

Model Result of ROC AUC
0.8699 +£0.0274
0.8763 £ 0.0258
0.9027 £ 0.0353

0.9153+£0.0312

Logistic Regressor
Support vector machine
Random Forest

Gradient boosting on trees

After the chosen two models were fitted, they were
compared due the chosen metric and the similarity of
their prediction was analyzed. The results of comparison
models using ROC-AUC is introduced in the table of final
scores below. The graph of the similarity of predictions of
gradient boosting and logistic regression models on a sep-
arate split of cross-validation is shown in Figure 4. Each
point of the plot is a separate student. Orange points are
the students who passed the exam and blue points are the
others. On x and y axis the predicted probability of pass-
ing the exam by logistic regression and gradient boosting
on decision trees models are shown respectively. If these
two models have similar predictions, the points should
be located on the blue line. But, from the figure, there are
many points far from the line. Therefore, a hypothesis
about improving the value of the ROC-AUC metric by
using ensembling of the initial models via stacking was
approved.

1.0 pradiction simulanty line
# not examinated
s examinated ° = ™
&
® . e ™
L] @
0.8 75 3
L L
. ee
J °
. - - e
L] ° "
w 06 ° -
% e . -
o
=
a
= [ ] -
[= * o, . .
m
o ® L]
~ 04 .
] s
[
°
s ® -
0.2 & °
b ®
L]
® .
e B ®o,
L] : . . .
0o - ae .
0.0 02 04 06 0.8 1.0
Logitstic regression preds

Figure 4. The similarity of the predictions of different
models for students of the 3rd session from the beginning
of the course via cross-validation

Stacking was applied using another logistic regression
model to build new predictions on predictions of the ini-
tial models. The same session as in the figure 2 was used
as a validation set for stacking due to the large variance of
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the predictions between two initial models.

Table 3 shows the results of the ROC-AUC score of
all the applied models after the final cross-validation run.
Table shows that the model of gradient boosting on trees
is always preferable to logistic regression. Also, the en-
semble of models in most cases shows a better quality
than the gradient boosting model. From the mean results
of cross-validation, the ensemble of the models gives a
significant increase of ROC-AUC value. The possible rea-
son for this is that logistic regression gives a better score
using some linear dependencies in the dataset and gradient
boosting is better in more complicated cases. In further
calculations we will use stacking as a final model.

Table 3. Results of cross-validation

Split Model Result of ROC AUC
Logistic Regressor 0.9255
1 Gradient Boosting on decision trees 0.9546
Stacking 0.9767
Logistic Regressor 0.8702
2 Gradient Boosting on decision trees 0.9302
Stacking 0.9688
Logistic Regressor 0.9116
4 Gradient Boosting on decision trees 0.9780
Stacking 0.9742
Logistic Regressor 0.7659
5 Gradient Boosting on decision trees 09117
Stacking 0.8876
Logistic Regressor 0.8651
6 Gradient Boosting on decision trees 0.8925
Stacking 0.9160
Logistic regressor mean and std 0.8612 +0.0531
Gradient Boosting on decision trees mean and std ~ 0.9189 + 0.0427
Stacking mean and std 0.9304 £ 0.0459

3.3 Analysis of the Final Model

After building the final predictions, the model was ana-
lyzed. Tables 4, 5, 6 respectively show the 5 most signif-
icant features that were used by a separate model in the
ensemble to build the final predictions. Table 7 provides a
description of these features. The extended description of
tasks is introduced in article . It can be seen that differ-
ent features are used by different models. As an example,
for linear model an overall activity in solving interactive
tasks in the course is important, but gradient boosting uses
many features based on a separate week of the course.

Table 4. Feature importance for GBDT with small depth

Feature Importance in %
Activity sum 18.3777
Week 2 _activity 10.4238
Task_1_amount_of  tries 5.4629
Task 5 amount of tries 5.2787
Mean_attempts 5.1692
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Table S. Feature importance for GBDT with big depth

Table 8. Final feature importance

Feature Importance in %
Problems_solved 12.9358
Week 1 activity 11.4598
Week 2 activity 11.2761

Task 5 _amount of tries 6.6758
Week 5 video loads 4.0969

Table 6. Feature importance for logistic regressor

Feature importance in %
Mean_attempts 20.1610
Task 3 _amount of tries 11.9389
Grade mean_rate 11.8862
Task 0 _amount of tries 6.3207
Task 5 amount of tries 4.6111

Table 7. Feature meaning

Feature Meaning

Number of attempts of a student of solving

Task_I_amount_of_tries a task with Lee algorithm

Number of attempts of a student of solving

Task_2_amount_of_tries a task with Bellman-Ford algorithm

Number of attempts of a student of solving

Task 4 amount of tries . . .
- - - - a task with Prim algorithm

Number of attempts of a student of solving

Task_6_amount_of_tries a task with Magu-Weismann algorithm

Mean number of attempts of a student

Mean_attempts . . . .
- P during solving an interactive task

Problems_solved Total number of polls solved by a student

Grade_mean_rate Rate of the correct answers of a student

Week 1 _activity Overall activity of a student in the first week

Overall activity of a student in the second

Week 2 activity week

Number of viewed video by a student in the

Week 5 video loads fifth week

Overall activity of a student in the first 5

Activity sum
Y- weeks of the course

To obtain the results of the final feature importance, the
values of the calculated feature importance of each sep-
arate model were multiplied by the corresponding meta-
model coefficients (0.612 for GBDT and 0.388 for logistic
regression). The final feature importance is shown in Ta-
ble 7. From the table it concluded that the most important
features for the final model are features based on activity
of students during separated weeks of the course and their
overall amounts of attempts in interactive tasks and solv-
ing quizzes.
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Feature importance in %

Week 2 activity 8.2561
Mean_attempts 7.8725
Activity sum 7.6408
Week 1 activity 5.8877
Grade mean_rate 5.7178

4. Results and Discussions

To select a correct threshold value, we take the percent-
age of students who passed the exam in previous sessions
(5.6%) multiplied by the number of students in the current
session. Table 9 presents the results of ranking students
in the test set on their likelihood to complete the course,
starting with the highest probability. After applying calcu-
lated threshold, we get a list of students who need to have
an additional impact to increase the effectiveness of their
learning (Table 10). The last column in the tables shows
whether the participant has actually passed the exam (1
for yes, 0 for no). The resulting tables show that the mod-
el correctly ranks the students of the course according to
their likelihood to pass the exam in general. The resulting
tables can be used to further impact a particular group of
students of the course.

Table 9. Students with highest probability of examination

User Probability of examination Examinated
Student 11 0.8661 1
Student 12 0.8616 1
Student 13 0.8542 1
Student 14 0.8221 0
Student 15 0.8217 0
Student 16 0.8162 1
Student 17 0.8038 1
Student 18 0.7765 0
Student 19 0.7719 1
Student 110 0.7666 0

Table 10. Students below the threshold of examinations

User Probability of examination Examinated
Student 21 0.4741 0
Student 22 0.4453 0
Student 23 0.4352 0
Student 24 0.4232 0
Student 25 0.4216 1
Student 26 0.4163 0
Student 27 0.4015 0
Student 28 0.3793 1
Student 29 0.3771 0

Student 210 0.3348 1
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5. Conclusion

Accumulated statistics on the activity of MOOC’s stu-
dents allow to predict their future behavior and learning
outcomes. This paper overviews all the process of build-
ing such a model: from EDA of course materials to con-
structing a strong classifier to predict a fact of passing an
exam by a student using his activity in the first half of the
course. To solve this problem, various machine learning
approaches and models have been proposed. According
to the results, the most significant features were obtained
for assessing the fact that the exam was passed by the
students. As a result of model’s prediction, a list of partic-
ipants was received. This approach can be used as to in-
crease the efficiency of learning of separated students and
to improve course materials in general. Also, this problem
can be interpreted as a churn prediction problem. After
the final list of students is received, it can be used to make
the course more personal for this group of students. As
an example, we suggest giving some hints and additional
bonuses for the student if he will continue learning or in-
creasing deadlines. Results of the final model analysis can
be used for exploring aspects of the course that are im-
portant for a separate group of students. Thus, this article
proposes a general approach for assessing and identifying
MOOC students during the course, on which additional
impact is required to improve the performance of e-learn-
ing using MOOC. Using this approach in MOOC:s can in-
crease effectiveness of online courses and make e-learning
more self-organized and adaptive for a separate student.
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