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Abstract 

In this article, another plan as well execution have been introduced for a versatile fluctuation control calculation of a truly inverted 

pendulum framework. The primary control center calculation is a sliding mode procedure. The objective of the suggested versatile 

fluctuation regulator is for maintaining the operation timal power control activity of the inverted pendulum in the ongoing to 

definitively and straightaway fluctuate the pendulum reach to inverted location. In this work, an upgraded composed suggested 

controller has been acquainted with control the reaction of the nonlinear inverted pendulum qualities within the sight of an outer 

unsettling influence signal Y. The bee colony method manages controlling the boundaries of the PID controller whose qualities 

are reformatted until the most extreme cycle number (MCN) is reached. Accepting most extreme measures of assertions have 

passed, delay and reorder the best so far. The proposed plot show a more streamlined reaction in the subsequent pendulum point, 

theta when contrasted with the ordinary PID and the sliding mode controllers. The mathematical reproduction brings about 

MATLAB and the test work in Lab-VIEW represent the further developed exhibition of the versatile swing-up regulator as far as 

strong execution with adaptive viability which limited the pendulum point mistake with null worth and acquired the best power 

control activity for the pendulum truck, as well as diminishing the wellness assessment value. Such outcomes were affirmed by a 

relative report along various nonlinear regulator schemes. 

Key words: Inverted Pendulum (IP) System, Sliding Mode Controller, PID. Artificial Bee Colony, (ABC). 

 

1 Introduction 

The nonlinear as well as unsteady inverted pendulum (IP) system, is generally utilized in research facilities for executing also 

approving groundbreaking thoughts arising in charge systemizations. Actually, and in order to obtain suitable control of IP 

scheme, efforts should be partitioned in general into three essential areas, fluctuating control, adjustment, as well following 

control. The fluctuating control is fundamentally utilized for varying the pendulum pole against suspending location towards the 

adjustment area. Then an adjusting or then again adjustment control is fundamental to maintain it in upstanding location of deep 

stretch. An exchanging system admits fluctuating with adjustment area is important in order to sustain viable controlling. For 

fluctuating control, a procedure dependent upon power controlling has suggested from ˚ Astr¨om with Furuta [1-4]. Few unique 

methods available in writing for adjustment and following controlling for IP scheme, for model, linear quadratic regulator (LQR), 

PID control, neural network control, fluffy rationale control, neural-fluffy control, sliding mode control, etc. The LQR, an ideal 

case criticism regulator planned through limiting a presentation file, is customarily utilized regulator of IP scheme demonstrated in 

state space structure [5-6]. In this case, the state space scheme for IP model is to become unavoidably linearized that tends to 

demonstrating blunder. The PID regulator, ultimate generally utilized regulator in a few modern control issues, is one of the most 

loved regulators of IP scheme. The examination of PID regulator beside another control strategies for IP model had completed in 

numerous articles [7, 8]. The significant assignment of PID regulator configuration is the determination of control boundaries for 

wanted reaction. A few tuning techniques of PID regulator in IP scheme might become found in writing [9–11]. Another study 

presented in [12], the adjustment just as following control for IP scheme along genuine nonlinear structure utilizing PID regulators 

has researched yet in order to pick regulators boundaries which hasn't explained. Different procedures rather the PID are likewise 

available [12–16]. In most recent 20 years ago, the fragmentary math has been most famous among the scientists of various floods 

however, its starting point is really that more seasoned of traditional whole number request analytics. Fragmentary analytics was 

very little well known before in view of its exceptionally mind boggling numerical articulations. Yet with the improvement of 

computational advancements it has become conceivable to manage fragmentary analytics. Fragmentary analytics gives a lot of 

exact and summed up arrangement when contrasted with number request math. The utilizations of fragmentary math incorporate 

demonstrating as well the control of the substantial scheme [17–19]. A part of similar implementation is the displaying of double-

electrical pendulum [20]. Concerning the control designing space, a utilization of fragmentary math is the partial request PID 

(PI𝜆D𝜇) controller that has been considered as an improved type of PID control. For several modern studies [21–25], the PI𝜆D𝜇 

controller provides preferred results over PID controller. However there are a few uses of PI𝜆D𝜇 controller for IP scheme [26, 27], 

PI𝜆D𝜇 controller has not gotten extensive consideration to unsteady models like IP scheme. Henceforth, in the current work, 

fragmentary request PID controller is planned in time area to control pendulum point just like truck location. Partial request PID 
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controller is trying to plan in view of the utilization of fragmentary analytics along extremely sophisticate computations. 

Accordingly, an immediate methodology is utilized for ascertaining the boundaries of pair partial request PID controllers along 

the assistance for a multi objective wellness work (the wellness work comprises of the amount of essential squares of pendulum 

corner, truck location, with control potential).  

The strength activity is limited by executing the scheme as per sliding mode controller program in MATLAB. Sliding mode 

controlling approach which has been used in this venture as it gives more prominent combination towards ideal qualities when 

contrasted with other controlling methods also it achieves the vigorous calculation. In the remainder of this study, the study has 

separated to the accompanying sections. In section 2 a description of the inverted pendulum scheme with deduction of model 

conditions has been presented with motion equations. Section 3 depicts the partial analytics and construction of the nonlinear 

inverted pendulum scheme. Concerning section 4, insights regarding sliding the proposed controller mode have been introduced 

with focusing upon the artificial bee colony algorithm specified for PID controller tuning, ABC/PID model. In section 5 a total 

description of simulation results has been illustrated with discussion. Finally, section 6 contains the necessary conclusions of this 

work, that has followed with the important references. 

 

2 Inverted Pendulum Scheme 

The IP scheme contains a truck that might step evenly as displayed in Figure 1. Single terminal of the pendulum bar is associated 

with the focal point of the top part of the truck that is known as the turn mark, on the other hand the opposite terminal is allowed 

to step in perpendicular surface (𝑥𝑧-surface). Such pendulum pole is steady in outrageous downwards location also familiar as 

would be expected pendulum. Be that as it may at the point when the pendulum pole stays in upstanding location, it is common as 

IP scheme. Such situation known as a temperamental condition that requires a nonstop adjusting power (𝐹𝑥) on truck to stay 

upstanding. By referring to Figure 1 even power is utilized as control activity to dislodge the turn over 𝑥 hub as well the complete 

motor power. Also, as displayed in the same figure, the IP scheme contains a truck that might step evenly. Single terminal of the 

pendulum bar is associated with the focal point of the top part of the truck that is familiar as the turn mark, whereas the opposite 

terminal is allowed to step in perpendicular surface (𝑥𝑧-surface). Such pendulum pole is steady in outrageous in a descending 

location also common as would be expected pendulum. Be that as it may at the point if the pendulum pole stays in upstanding 

location, it is familiar as IP scheme. Such condition known as the temperamental constraint that demands a nonstop adjusting 

power (𝐹𝑥) on truck to stay upstanding. With referencing to Figure 1 even power is utilized as control activity to dislodge the turn 

over 𝑥 hub with the complete motor power. 

 

Figure 1: Scheme of inverted pendulum. 

 

(𝐾) because that the mass for the turn (𝑀) in 𝑥 heading, pendulum rod mass (𝑚) in𝑥 also 𝑧 headings, with expected energy (𝑃) of 

the IP scheme [10] which are: 

𝐾 =
1
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𝑀�̇�2 +
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Where; 

𝑥𝑝 = 𝑥 + 𝑙𝑠𝑖𝑛𝜃                                                                                          (2) 

𝑙 = the separation against the axis to the center of the pendulum mass, (𝑥, 𝑧) = the location of the axis in the 𝑥𝑜𝑧 correspondents, 

(�̇�, �̇�) = the velocity in the 𝑥𝑜𝑧 correspondents, (𝑥p , 𝑧p) = the location in the 𝑥' 𝑜' 𝑧' correspondents, (𝑥�̇� , 𝑧 ̇𝑝) = the velocity in the 

𝑥' 𝑜' 𝑧' correspondents, as well as 𝑔 = the stepping up consistent because of the effect of gravity. An assumption of the pendulum 

inertia was made to be neglected. Table 1 presents the numerical amounts of every IP scheme confines. The Lagrange’s relations 

of the IP scheme are demonstrated as below: 
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where 𝐿 = 𝐾 − 𝑃. Through letting the explanation of 𝐿 in (3a) with (3b) as well as next to evaluating it, Lagrange's statements of 

the IP scheme might become interpreted as: 

(𝑀 + 𝑚)�̈� + 𝑚𝑙𝑐𝑜𝑠𝜃. �̇� − 𝑚𝑙𝑠𝑖𝑛𝜃. �̇� = 𝐹𝑥                                            (4) 

𝑐𝑜𝑠𝜃�̈� + 𝑙�̈� − 𝑔𝑠𝑖𝑛𝜃 = 0                                                 (5) 

𝑀�̈� + 𝑙2𝑚𝑝�̈� + 𝑙𝑚𝑝�̈� − 𝑙𝑚𝑝 sin 𝜃 �̈� − 𝑔 sin 𝜃 𝑙𝑚𝑝 = 0             (6) 

Where; M, is the pendulum moment of inertia, and z, represents the vertical axis. Also, z might be given in the following 

expression: 

𝑧 = 𝑤𝑠𝑖𝑛(𝑤𝑡)                                                                (7) 

where,  

-0.5 ≤ x ≤ 0.5                                                                                        (8) 

Table 1: Inverted pendulum parameters. 

M(Kg) m(Kg) l(m) g(m/s2) 

2 0.8 0.25 9.8 

 

3 Nonlinear Inverted Pendulum Scheme 

Generally speaking, the pendulum has the limit of swinging in the x-y plane and it is annexed to the side of a pendulum truck that 

can progress forward the x - turn by applying a power control action, where the place of this power is to settle the pendulum in the 

best circumstance at an inverted region. The development of the inverted pendulum framework is shown in Figure. 2 . By 

applying Newton's second law to the immediate and exact place of the inverted pendulum model, the states of development for 

nonlinear inverted pendulum framework are imparted as in ( 1 ) and ( 2 ) [13 , 15 , 21] : 

(𝑀 + 𝑚)𝑥 + 𝛽�̇�̈ − 𝑚𝑙𝑠𝑖𝑛(𝜃)�̇�2 + 𝑚𝑙𝑐𝑜𝑠(𝜃)�̈� = 𝐹𝑥                               (9) 

𝑚�̈� cos(𝜃) + 𝑚𝑙�̈� = 𝑚𝑔𝑠𝑖𝑛(𝜃)                                                                    (10) 

The boundary upsides of the inverted pendulum scheme are obtained by [4 , 16] as displayed in Table 2. 

Table 2: The coefficients amounts of the inverted pendulum scheme [ 4 , 16 ]. 
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Figure 2: Schematic diagram for standard inverted pendulum model. 

4 The Proposed Model 

In this section, we will present our proposed model by tuning the PID controller coefficients utilizing ABC algorithm and 

applying this hybrid scheme upon the nonlinear inverted pendulum. The means of utilizing the ABC calculation to design the 

boundaries of PID controller are portrayed underneath [24-30]:  

Step 1:Limits of PID boundaries are perused at this progression. 

Stage 2: ABC boundaries, for example, most extreme cycle number, colony aspect, limit boundary and number of factors are 

introduced. 

Stage 3: An underlying populace of FS people are created haphazardly. Every arrangement is a D-layered vector compared to 

number of PID coefficients advanced, i.e. D=[KP, KI, KD], Broadly, the location of explanation is expressed as the following: 

 

𝐾(𝐹𝑆, 𝐷) = [

𝐾𝑃
1 𝐾𝐼

1 𝐾𝐷
1 

𝐾𝑃
2 𝐾𝐼

2 𝐾𝐷
2 

𝐾𝑃
3 𝐾𝐼

3 𝐾𝐷
3 

] 

Stage 4: The wellness worth of every individual arrangement is assessed using: 

𝑓𝑖𝑡1 =
1

1+∑ 𝑒2(𝑡)
                                                                                   (11)              

𝑒(𝑡) = 𝑟(𝑡) − �̇�(𝑡)                                                                              (12)                             

Where is the subordinate of the upward dislodging 

Stage 5: The cycle counter is set to 1. 

Stage 6: Solutions are altered and supplanted with another arrangement (Knew) by utilized bees , where each utilized bee set at an 

answer that is not quite the same as others to find the better arrangement that which neighborhood of its current position using the 

accompanying condition: 

𝐾𝑛𝑒𝑤(𝑙, 𝑗) = 𝐾(𝑙, 𝑗) + 𝜑(𝑙, 𝑗)(𝐾(𝑙, 𝑗) − 𝐾(𝑛, 𝑗))                                 (13) 

Where: 

N=1,2, ….. FS and j=1,2, …. D, are randomly chosen symbols. 

𝐾𝑛𝑒𝑤  : is the candidate new solution.  

𝜑 : is a uniformly distributed real number determined randomly within the range [-1, 1]. 

K : is the jth element of the neighbor utilized bee. 

L : is addresses the current emphasis. 

Then, at that point, the wellness of the new arrangement is processed and contrasted with old one with apply an avaricious choice 

to determination the best one of them. 

Stage 7: Determine the choice likelihood esteems Pi for every utilized bee as portrayed in Eq.(14): 

𝑃𝑙 =
𝑓𝑖𝑡𝑙

∑ 𝑓𝑖𝑡𝑚
𝐹𝑆
𝑚=1

                                                                                       (14) 

Every passerby bee allot to a utilized bee at arbitrary as indicated by a likelihood esteem, presently every spectator bee produce 

new arrangement 𝐾𝑛𝑒𝑤  as in Eq.(13). Then, at that point, the wellness of each new arrangement is determined as give in Eq.(12) 

and an eager choice is applied between the new and old answer for save the better one and disregard the other. 

Stage 8: If a specific food source Kl isn't worked on over various emphases, that source deserted. This source is supplanted with 

another one that produced arbitrarily by scout bees, this interaction is finished by the "limit" boundary. 

Stage 9: Keep track of the best arrangement up to this point. 

Stage 10: increment the cycle counter. 

Ventures somewhere in the range of 6 and 10 are rehashed until arrive at the Maximum Cycle Number(MCN). Assuming the most 

extreme quantities of emphases have passed, pause and return the better arrangement saw as up until this point [31-36]. 

5 Simulation Results 

In this article, we implemented the nonlinear inverted pendulum described previously in Section 2 with the application of an 

effective external sinusoidal force. The theoretical analysis have been implemented by handling the motion equations of the 

pendulum using Laplace Transform. Three controlling models have been employed in order to drive the pendulum system to the 

best optimal stability case, the conventional PID, Sliding mode, and the proposed ABC/PID controllers. The implementations of 

the three schemes have been achieved utilizing MatLab2020 simulation program with the help of its Simulink Toolbox. The first 
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model has been shown in Figure 3, which represents the nonlinear inverted pendulum applied with external sinusoidal force and 

controlled by PID controller. 

 

Figure 3: Block diagram of standard PID controller inverted pendulum model. 

The resulting characteristics of the system model shown in Figure 3 have been plotted in Figure 4. 

 

Figure 4: Results of standard PID controller utilized for inverted pendulum model. 

It is obvious from the results illustrated in Figure 4 that the response of the pendulum angle, theta, is trying to follow the steady 

state step response curve in the presence of the disturbance signal Y. there is still a fluctuation in the resulting angle response due 

to the un optimized control through mploying standard PID controller in the first model. 

In the second test, the same pendulum system has been simulated in the presence of outside disturbance, Y, but here in the 

existence of sliding mode controller as introduced in Figure 5. 
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Figure 5: Block diagram for sliding mode controller inverted pendulum model. 

 

Figure 6: Results of Sliding mode controller utilized for inverted pendulum model. 

t is clear from the results shown in Figure 6 that the response of the pendulum angle, theta, is more close to the steady state step 

response characteristics with the presence of the disturbance signal Y. The variations in the resulting angle response is much 

reduced due to the optimized control through employing sliding mode controller in the second model. 

Finally, for  the third exam, the pendulum system has been simulated with the presence of outside disturbance, Y, within the 

applied of the proposed ABC/PID hybrid controller as presented in Figure 7. 
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Figure 7: Block diagram for ABC/PID mode controller inverted pendulum model. 

 

Figure 8: Results of ABC/PID mode controller utilized for inverted pendulum model. 

Now, it is so fair from the results observed in Figure 8 that the response of the pendulum angle, theta, has an optimum alignment 

with the steady state step response characteristics in the presence of the disturbance signal Y. The ripple in the resulting angle 

response has so much eliminated due to the optimized control through employing ABC/PID mode controller in the third model. 

 

6 Conclusions 

In this research, an enhanced hybrid proposed controller has been introduced to control the response of the nonlinear inverted 

pendulum characteristics in the presence of an external disturbance signal Y. The bee colony technique works through controlling 

the parameters of the PID  controller whose values are reformatted until the maximum cycle number (MCN) is reached. Assuming 

maximum amounts of affirmations have passed, pause and reorder the best up to this point. The proposed scheme show a more 

optimized response in the resulting pendulum angle, theta as compared to the conventional PID and the sliding mode controllers.   
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