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With the fast development of artificial intelligence, robotics, and embedded
system along with sensor technologies, the speed control mechanism is
required in various other applications such as automatic or self-piloting
aircraft, auto-driven vehicles, auto driven lifts and much other robotics based
automation plants, etc. For each unpredictable and progressed vehicular
framework accompanies a better route that is fit for utilizing the two GPS
and INS related sign. There have been a noteworthy number of research
works being completed towards creating sliding mode control framework.
In case of inaccurate navigational data or no availability of navigational
service, the cruise control could also stop working. Hence, there is a need to
evolve up with a novel system offering reliable and fault tolerant navigation
system in order to minimize the dependencies on GPS-based information and
maximize the utilization of INS based information. This manuscript presents
a dynamic cruise control system to achieve better navigation under
uncertainties. The performance of the system is analyzed by incorporating
sliding mode and fuzzy logic and achieves better accuracy in tracking error,
computational complexity (28 sec of simulation time) under chattering and
switching action operation.
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1. INTRODUCTION

The growing progression in communication mechanism has witnessed a proportionate increment in
a navigation offering devices [1, 2]. Nowadays, both the inertial navigation system (INS) and global
positioning system (GPS) were used for a better form of navigation system [3, 4]. From the various existing
researches, it has been observed that significant quantities of research work have concentrated on joint usage
of INS and GPS. Critical research suggests that the navigational data offered by the INS framework exhibits
some of the issues related to the navigational system [5]. Even though these issues in navigational data of
INS are of short duration, but it precipitously degrades after some time. Then again, navigational data offered
by GPS is viewed as profoundly stable alongside a better arrangement of exact information identified with
speed, area, and disposition [6]. Also, the identified information with all these physical and kinetic
substances are given by INS while GPS provides data identified with just area and speed. There is
additionally a potential reliance of the two INS as GPS together as a successful and dependable navigational
data can't be offered by INS independent, and the principle purpose for it is more occurrences of issues
related with inertial sensors. It has likewise been seen that INS can provide a constant stream of navigational
information while information stream is always discontinuous for GPS inferable from different types of sign
impedance causing blackout [7, 8]. Also, 95% of the current research-based work has thought about the two
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INS and GPS for developing up with a superior type of navigational framework. Use of such joint navigational
framework can be seen in various types of vehicle proceeding onward land [9], water [10], and air [11].
There are additionally different types of weapons like rockets uses such joint navigational framework [12].
It is observed that there has been the great number of research work completed in this respects, and yet, it can't
be overlooked that current research methodologies were not appeared to effectively benchmark or professed to
offer unrivalled navigational framework [13]. Existing specialists are additionally endeavoring to build
cost-effective INS-GPS navigational framework where the conspicuous test is to correctly introduce the outside
edge inferable from a corrupted working procedure of gyros or comparable types of different sensors. One of
the powerful instruments to address this issue could be by utilizing a sliding mode controller (SMC) [14],
which is the core of each development control framework. For each unpredictable and progressed vehicular
framework accompanies a better route that is fit for utilizing the two GPS and INS related sign. The recent
research of [15] has provided the idea of SMC concept for a robot manipulator.

There has been a noteworthy number of research work being completed towards creating sliding
mode control framework; be that as it may, the lion's share of them are related with certain inalienable
issues of managing dynamic framework. It was seen that current methodologies don't provide food up to
the vulnerability requests of the dynamic framework, particularly in transmission arrange. With dominant
part of the work lacking benchmarking and exclusion of considering the contextual analysis of taking care of
the navigational issue, the SMC has turned out to be one of the less investigated arrangements
toward upgrading route framework utilizing GPS and INS. Therefore, this manuscript presents a dynamic
cruise control system (DCCS) to achieve better navigation performance and computational complexity.
The manuscript is categorized with different sections like review of literature in Section 2, problem statement
in Section 3, proposed system in Section 4, results and analysis in Section 5, and conclusion in Section 6.

2. BACKGROUND

Many research works are presented by concentrating on planning a powerful navigational
framework utilizing INS just as GPS, with extraordinary strategies and mechanism. Existing works are
progressively centered on to achieve better accuracy, where the investigation driven by Dacheng et al. [16]
demonstrated upgraded affectability by limiting Doppler frequency when the navigational arrangement of
INS is coordinated with GPS. Reception system of channels is one extraordinary methodology in this
examination course. As indicated by Cho et al. [17], an upgraded Kalman channel would improve
the navigational exhibition, particularly concentrating on cost-adequacy organization perspective.
Arrangement of comparative Kalman channel of broadened type was found in introduced by Duong and
Nguyen [18] for a compelling estimation of physical navigational parameters for example frame of mind,
speed, area, and so forth. Utilization of Kalman channel was likewise found in work examined by Fang and
Gong [19] where the prime goal was to consolidate a prescient plan of an incorporated navigational
administration. The investigation was tried over constant sensors mounted on an airplane to find that offers
better exactness. There was additionally research work which says that creating a navigational framework for
a submerged vehicle is extremely a difficult one. Such research work has been done by Lee et al. [20], which
is intended for limiting the blunders in navigational framework, particularly with the GPS information.
The work did by Li and Sun [21] has additionally utilized Kalman channel of broadened structure for
improving the precision related to navigational information. Introduced by Wu et al. [22] have concentrated
on building up a prescient calculation utilizing a Kalman channel. The examination likewise details
a commotion model for remunerating the sign. Yan et al. [23] have additionally done work utilizing
Kalman channel.

Contextual analysis of the flying article and its improvement of route information was examined by
Nakanishi et al. [24]. The researcher has tended to the issue related to unwavering quality of information
from GPS by executing a unified system of sensor combination with a guide of updates got in the offbeat
method of correspondence. Contextual investigation of the route of the land vehicle has been considered in
introduced by Qin et al. [25], where the researcher has utilized Kalman channel just as standard fuzzy
inference framework for limiting blunders in route framework. Another researcher, viz. Sun et al. [26] have
completed a test based examination where a GPS INS based route framework. It was additionally discovered
that coupling among the navigational parameters noteworthy influence the identification of sign. This issue
has been explored by Jamal [27] by correcting the mistakes related to detecting during fast information catch.
As indicated by the researcher, tight coupling outcomes are intending to these issues. Use of the neural
system was seen in introduced by Jaradat and Hafez [28] where a relapse based methodology was executed
for tending to the correspondence delay in route framework. The existing framework has likewise seen
examination towards recognizing and tending to flaws in the navigational framework. The work did by
Xin et al. [28] has utilized measurable based methodology for deficiency distinguishing proof. Also there are
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different examinations towards improving navigational execution, yet a proficient controller can be obtained
utilizing a sliding mode configuration approach. There have been different research-based methodologies
towards SMC [29, 30] towards tending to various periods of research-based issues. Elgammal and
El-naggar [31] has utilized this methodology for creating dynamic power channel. The comparative course of
work has been found in introduced by Fei et al. [32], which observed selection of neural system just as
the fuzzy-based sliding methodology was utilized for limiting the gabbing impact. Concentrate towards cost
advancement utilizing fuzzy based controller configuration has been displayed by Li et al. [33] where
the researcher has ordinarily used interim sort two fuzzy methodologies for tending to postpone in
the framework. The exhibition of controller configuration utilizing fuzzy based sliding window was
demonstrated to be upgraded considering the contextual investigation of vehicle and driving issues. A work
of Shen et al. [34] has utilized a versatile component of building up a controller framework utilizing the same
fuzzy put together methodology concerning the highest point of diagram hypothesis. The business locales
the issues related with the multi-operator framework. The joining of adaptiveness is likewise found in
introduced by Wang and Fei [35] where the disposal of jabbering has been done alongside a versatile element
of dependability. Wen et al. [36, 37] have built up a component where the dynamic highlights have been
consolidated just as they have likewise centered on creating shortcoming tolerant actuator structure with
enough versatile highlights. Another exceptional type of usage has been seen in introduced by Yu et al. [38]
where a bio-motivated calculation has been intended for better physical control framework. The work did by
Zhao et al. [39] has planned a fuzzy controller framework considering the contextual investigation of shut
circle framework related to the multi-input and multi-yield framework. Also, other enhancement based
methodologies were discussed with SMC plan, for example, Someswari and Anil Kumar Tiwari [40, 41].
Thus, there have been different files of research works, where the fuzzy-based framework has been observed
to be effectively utilized in upgrading the presentation of sliding mode converter and also a humber of work
being performed towards navigational methodologies too. The next section discusses research problems
associated with the existing system.

3. PROBLEM IDENTIFICATION

At present, the modern vehicles are equipped with a cruise control system, which is one reduces
the effort of manually maintaining the acceleration while driving. However, there is no physical connection
between the cruise control device and navigation system. However, with the inclusion of more smart and
intelligent components on-vehicle navigation system, it is imperative that the cruise control system could be
further integrated with the navigational system. At present, there is not a single research work toward this
issue. However, there is a good possibility as there is certain research discussion on using TCP for cruise
control. In case of inaccurate navigational data or no availability of navigational service, the cruise control
could also stop working. Therefore, the problem statement for the proposed system can be stated as “it is
quite challenging to meet as an effective cruise control system must be able to perform proper navigation by
understanding the static and dynamic attributes associated with the existing navigational system”. The next
section briefs about the proposed research methodologies used to address the above set of problems.

4, THE PROPOSED METHODOLOGY

The prime motive of proposed novel system is to evolve up offering reliable and fault tolerant
navigation system in order to minimize the dependencies on GPS-based information and maximize
the utilization of INS based information which has been not much considered in the exsiitngsystem [42-45].
In order to enhance the performance of the navigational system, the introduced study incorporats
the variables of the mathematical model with the planar motion of the vehicle. Also, it has been aimed to
improvise the fuzzy controller using sliding mode (proposed in [46]) and achieve accurate direction of
mobility considering the vehicular characteristics as a constraint. In this model, the fuzzy logic is associated
with the formulation of the various rule set to have a better dependency on resources during the navigational
process. Also, it has been observed that not many types of research were observed with optimization in
the fuzzy processing using SMC. Also, the use of conventional training/learning based algorithm can enhance
the dependency of the dataset and is never feasible in online analysis. Also, it has been observed that some of
the recent researches have used fuzzy logic type-2 and SMC to address the various issues of the control
system. It is found that fuzzy logic type-2 has good potential to handle uncertainty problems but are always
associated with computational complexity problems. Thus, the following model is introduced to fulfill
the needs of performance enhancement in terms of accuracy and computational efficiency. The design of
the proposed system is carried out using analytical research methodology with the following scheme,
as shown in Figure 1.

A dynamic cruise control system for effective navigation system (T. Someswari)
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Figure 1. Architecture of the proposed study

4.1. Model for working performance enhancement

The proposed study is intended to design a planar motion of the vehicle with the targeted
destination. In practical, the destination is always considered to be static (e.g., home, office, park, hospital,
etc.); however, there may be a possibility that such destination could also be mobile (e.g., tracking another
vehicle). Therefore, the target destination can static or mobile and the system uses INS in this part to feed
the input of vehicle speed and the directionality vector of destination. For simpler implementation, both
vehicle and (mobile) destination have considered approximately equal speed. This incorporates the most
challenging scenario in navigation system implemented till date. Mathematical modeling is carried out for
formulating the vehicle-destination geometry along with consideration of various forms of uncertainty
problems surfaced from readings of INS navigational system. The study develops a model which relates
to vehicle and destination and extracts various uncertain information which is fed to fuzzy logic and
sliding mode control for obtaining accurate navigational information. The proposed system considers various
issues in the navigation system (chattering) and incorporated the switching control and smoothing (boundary
layer) mechanism.

4.2. Model for computational efficiency

This part of the study applies an analytical modeling approach to perform optimization.
The complete optimization is based on the concept that SMC offers better compensation plan for mitigating
uncertainty problems along with fuzzy logic. However, while doing so, it cannot address the problem if
the uncertainty attributes are of fluctuating origin, and in such case, SMC is no longer productive when
working with the fuzzy logic system. Therefore, one of the better solutions is to offer optimization. In this
case, the surface design of sliding mode is introduced by re-considering the proposed vehicle navigational
system that is essentially MEMS-based. The first part of the optimization is meant with determining
the parameter of the surface, followed by implying control law by considering state trajectories. Simple
mathematical modeling will be carried out towards exploiting the dynamics of sliding motion in order to
incorporate more flexibility in design parameters. Another proof of optimization will be investigated in this
research stage by minimizing the number of Ruleset to a considerably lower degree. The proposed system
incorporates the design of the sliding surface, control law, and computational complexity.

4.3. System model

The proposed study has considered that at some condition, the precise system modeling is not
possible as the external aspects like frictions, forces affect the stability of the system. As it is observed that
there are practical difficulties into modelling a cruise navigation system accurately because of various
influencing factors of forces acting a surface including friction and all, which has got significant influence on
the stability of the control system. These kinds of highly dynamic and nonlinear systems required a flexible
and adaptive dynamic cruise control system. To achieve this fuzzy control mechanism based on sliding mode
is adopted.

For system design, the mathematical approach is considered where if the DCCS comes with
the dynamics' and control input ‘n” for the control then the system can be defined as:
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(x/t) = m(x,t) +n(t)

The proposed DCCS is assumed as of 2" order and is normalizes as ¥ = m + n. In order to design a control
mechanism for displacement and speed. The dynamic cruise control surface (S) for the DCCS is designed as:

d
S=<—+/1)J?+/155
dt

where 4 is meant with a single scalar parameter which has the main impact on the cruise control surface (S).
The change in S at S=0, and ¥ = m + n is resolved as:

-

%)

=0
F—%y+ A% =()
m+n—X;+Ax=0
n=-m+xd—- %

The value of the scalar parameter (A) with a positive parameter is almost arbitrary, and it reduces
the dynamics of the system during sliding.

The DCCS model (m) is an approximation of the DCCS model. The approximated control law can
be normalized as i = —m + Xd — AX. Figure 2 shows a geometrical view of the DCCS if it is slide on
the sliding surface with slope only 6.

In order to maintain the working of the system in a sliding surface, a switching action is introduced.
The switching action (4,,,) can be defined as:

A= — Axsign(S)

—A@S>0

A @S<0 This switching control is

where A is a large positive constant, and its value is selected if A = {

discontinuous across the cruise control surface (S) =0.

During steady state, the variable "A" commute at higher frequency lies between A = Aand A = —A.
The control law is considered between these low and high-frequency control. As a result, the discontinuous
high-frequency control of switching action is appropriate in the navigation system, but it leads to chattering
mechanism in control switching. The chattering is the harmful mechanism which leads to low control
accuracy and high heat losses in the power circuits. Figure 3 indicates the Chattering phenomenon in
the control system.

In order to solve the chattering problem, smoothing is performed over a chattering phenomenon
where a smooth approximation (Sap) is replaced in place of the discontinuous sign. The plot in Figure 4
indicates the smoothing in the chattering phenomenon, i.e.:

Agy=— AXS4,(S)

(-1 @3/4<0
Sep==14 0 @5/y<1
|1 @5/y<-1

where ¢ indicates the thickness of the boundary layer.

The mathematical model of DCCS is derived from the fuzzy-based sliding mode by addressing
the above-stated problems in the dynamic modelling. Figure 5 gives the 2-link system of controlling arm
having robot links 1 and 2. The model includes displacements 8, and 8, with the length of links d; and d,.
The mass of every link is represented as M; and M,. During this mathematical modelling, Lagrange-Euler
formation is used with the following dynamic equation.

M)y +F(d,)ba+G(d) =7

Nyq le] N [¢1] n [_F12d52 —Fio (s + ¢2)] y
Niz  No, d"z F1zdi1 0

B[] < 4]
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where,

Ny = (M + M,) x dy? + M, x dy® + M, x dy X d, X cos ¢,
Ny, = My X dy? + M, X dy X d, X cos ¢,

N,, = M, x d,*

Fi, =M, Xdy Xd, Xsing¢,

g1 =M+ M,) X dy X cosp, + M, X d, X cos(¢p, + ¢;)
g2 = My X dj X cos(py1 + ¢2)

Thus, it can be said that the proposed fuzzy SMC has isolates the unknown parameters in
the navigation system. The system has adopted a control law for both low frequency and high-frequency
control. In this DCCS system, the robustness is parameterized by considering the fast varying closed loops
while the chattering in the system is minimized by using boundary layer (smoothing) technique. The next
section highlights the results and analysis of the proposed DCCS mechanism.

AN ~ L
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!
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S=0
Figure 2. Graphical representation of Figure 3. Graphical representation of chattering
sliding surface in control switching
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Figure 4. Smoothing in chattering phenomenon Figure 5. Graphical representation of chattering

in control switching

5. RESULTS AND ANALYSIS

The system design of the proposed DCCS model is performed by using MATLAB based simulation.
The system considers the fuzzy input for cruise control. The performance of the system is analyzed in terms of
accuracy in identifying the error and computational complexity. Figure 6 gives the error analysis in DCCS
model in terms of tracking error (in radians) Vs. time (in seconds) for both the (a) link 1 and (b) link 2.
The simulation is conducted over the DCCS system for 10 sec of time (x-axis). The mass of the links 1, 2 is
adjusted as 0.75 kg and 1.25 kg respectively while the scalar parameter (1) is adjusted to 5 for both the links.
Further, the boundary layer thickness is adjusted to 0.02. The outcomes are given in Figure 6 suggests that
the tracking of errors in the navigation system is gradually increasing and becomes error free as the time goes in
tracking the path. Hence, it can be observed that the in 10 seconds of time, the tracking error becomes zero.

The torque in the navigation system accuracy of the DCCS model. In Figure 7, the torque at link-1
where it can be observed that torque (is represented in the y-axis) against time (in x-axis). Here, the torque
variation is intially leading to with better accuracy in navigation and decrement in torque rate is observed due
chattering effect. In the navigation system, the speed of the cruise is controlled by the torque. Similarly,
Figure 8 indicates the torque variations at link-2 where the torque is intially leading with better accuracy in
navigation and in later part the switching action is taking place in the navigation system.

Int J Elec & Comp Eng, Vol. 10, No. 5, October 2020 : 4645 - 4654



Int J Elec & Comp Eng ISSN: 2088-8708 O 4651

Tracking Error Analysis @ link-1 Tracking error Analysis @ link-2
T T T T T T T T

0.05 T

005 .

D45

025 .

Figure 6. Tracking error analysis at (a) link-1 and (b) link-2
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Figure 8. Torque analysis at link-2

In the proposed DCCS model, the boundary layer concept is used to control the navigation system
behaviour between link-1 and link-2, where the energy in this boundary layer is linked to the sliding surface
of the cruise. This dynamic nature of the proposed system brings effective handling of the speed of the cruise.
In the proposed system, the robustness is measure with the reduced chattering in the navigation system,
and this is achieved through boundary layer. Further, the computational complexity analysis is performed by
considering the time of computation, the clock speed of the navigation system. From the simulation, it is
observed that the simulation phase considered only 28 sec and a clock speed of 1801 MHz.

A dynamic cruise control system for effective navigation system (T. Someswari)
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6. CONCLUSION

This manuscript presents a DCCS to achieve better navigation under uncertainties. The proposed
system incorporates the fuzzy logic and sliding mode technique along with control law. The performance of
the system is analyzed by incorporating sliding mode and fuzzy logic and achieves better accuracy in
tracking error, computational complexity (28 sec of simulation time) under chattering and switching action
operation. Thus, the proposed system can handle the dynamic disturbances in the navigation system, and it
can handle the current navigation issues in GPS and INS. Further, the proposed system can be incorporated
with other machine learning approaches to enhance the performance of the navigation.
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