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Abstract: Considering the increase in application of robotic
manipulators in various dimensions, trajectory tracking has
become one of the important aspects for controllers. This paper
depicts a comparison between the conventional PID controller
and sliding mode controller (SMC) for a double link robotic
manipulator. The paper adheres to the problem of modelling and
controller design keeping the non-linearity associated with
robotic manipulator in mind. The aim of this paper is to examine
which controller is more robust for trajectory tracking.
Simulation is carried out in MATLAB and the system output is
plotted against the reference input to record the tracking
performance.
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L INTRODUCTION

The non-linear and complicated dynamics of robotic arm with
the aspect that few quantities are uncertain in the system
(parameter disturbance, unknown joint friction, inertia,
different payloads and externalperturbations) makes it
inconvenient to design a potential controller for the same.
These non-linearity’s and uncertainties results in poor tracking
performance of robotic manipulator [1].

There are a number of control strategies that can be
used for controlling of robotic manipulator [2-3]. The most
common and simple strategy among them is PID controller.
But a classical control method requires an exact model of the
plant, so it cannot compensatefor the robustness provided by
the adaptive control schemes [4]. One such robust control
scheme based on variable structure is sliding mode control
(SMC) technique [5].

SMCis a non-linear, robust technique that is well suited for the
controlling of robotic arm [6].The controller is independent of
model uncertainties and parameter variations if any, moreover
this controller does not demand for an exact model of the
robotic arm, therefore a preferred choice [7]. One more
advantage of SMC is we can obtain sliding mode motion for
higher order systems if the controller is designed via reduced
order modeling [8]. During sliding mode the plant is
compelled to slide on or near the sliding surface[9]. The only
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problem faced by classical SMC is a phenomenon called
chattering, which is a high frequency disturbance of controller
output. But thisphenomenon can be easily avoided by using a
smooth function like saturation function rather than using sign
function

This paper is organized in the following manner: In section II,
dynamic articulation of robotic arm is introduced. The state
model is represented in a common form known as “Brunovsky
canonical form”. The III section discusses the designing of
controllers PID and SMC respectively. In section IV, the
simulation results are presented and discussed and finally in
section V, the conclusion is drawn.

II. MATHEMATICAL MODELLING OF ROBOTIC

MANIPULATOR

Consider the dynamics of two link manipulator derived via
Lagrange’s equation of motion [1] —
daL oL

T;0=[0,6,]"; T =[117,]" (1)

dt a6 96

The kinetic energy K and the potential energy P are combined
to give the Lagrangian L —
L=K(6,0)—P(6)Q)

ma.ly
(link 2)

myl
(link 1)
0, X

Fig 1. Two link robotic manipulator
The manipulator dynamics of double link manipulator [7]

M©)6+V(6,0) +G(6) = t(3)



Where
Inertia matrix,M (0) =

[BIZ + myl3 + 2mylylyc056, + 4

m,l3 + mzlllzcosez]
m, 13 + myl;l,cos0,

| mzl% +]2

) _

Nonlinear matrix,V(B, 9) =

[—m,1,1,(26,6, + 63)sinb,
m, ll lz élzsingz

] (&)

andGravity matrix,G (6) =

BglicosO; + myglycosith, + 6,)
m,gl,cosith; + 0,)
whereff = (my + my,)

©

III. DESIGNING OF CONTROLLERS

A. PID CONTROLLER

The simplest technique for the motion control of robotic
manipulator is PID controller. The controller gains K, ,K;,
Kjonce tuned are fixed. The value of these gains is obtained
either by manual tuning or by some proven methods like
Zeigler Nichols, TyreusLuyben etc. The control law for PID is
given by —

u=Kye()+Ky d‘;it)

+K; [e(t)dt 7

where, e(t) = 6,4(t) — 6(t) is the tracking error signal

PID
Controller

Robotic
Arm
(2-Link)

Fig. 2 Block diagram of PID controller 2 link for robotic arm

B. SLIDING MODE CONTROLLER

This is one of the most powerful technique for the controlling
of non-linear systems when it comes to precision and
robustness. The implementation of SMC consist of two stages-
e Sliding or switching surface design so that the plant
trajectory anywhere in the plane is driventowards the
switching surface in finite time.
To design a controller so that the plant trajectory
remains attractive to switching surface.
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Fig. 3 Block diagram of sliding mode for a 2-link robotic arm
A linear sliding surface is used in this paper,given by-
s=ae+é=0 8)
So,s = aé + é(9)
Wheresliding surface parameter, @ € R*and tracking error,
e=0,—-0 (10)

From equation (3)

6=M1O){x—-[v(6,8)+ 6|11

K=1-[v(6,8) +G(®)] (12)
So,
6=M1O)K (13)

From equation (8 ) and (9)

$= a(b;—0)+ (6, —6)(11)

$= a(by—0)+ (6, — MH(O)K)(12)

The total torque required by the robotic manipulator is-
T =T + Tuis(13)

The equivalent torque makes the derivative of switching
surface equal to zero and is given by —

Tog = [M7I(V + G) + $]M(14)

While the discontinuous or corrective torque compensates for
any deviation from the switching surface and is given by -

Tais = K.sgn(s)(15)

wherethe sliding functionsgn(s) is —

1 s>0
sgn(s) =4—1 s < 0(16)
0 s=0



andK is a positive constant.

Therefore the total driving force or torque is computed as —
T=WV+G)+$.M+K.sgn(s)(17)

Let the Lyapunov function candidate be —

V =-s? (18)

1
=S
2
TheLyapunov stability criteria for the designing of controller
is-

V=ss<0 (19)

The condition to be satisfied for the proper working of
controller so that it tracks the reference signal is-

M~Y(8)K.sgn(s) > 6 (20)

IV. RESULTS AND DISCUSSION

This section discusses the simulation results of both PID and
SMC controller which are subjected to step input. The first
and second joint of robotic manipulator is moved from initial
(zero) to final (reference step) position.The reference value of
both the angles is 4 rad and 1 rad respectively. The best
possible values of tuning parameters for SMC area; = 3,a, =
2.5,K; = 20,K, = 10 which are also shown in table 1.The
table 2 gives the value of steady state errors for PID and SMC
controller with and without disturbance.

Figure 4 and 5 shows the tracking performance of two
joint angles namely thetal and theta2 with PID and figure 6
and 7 shows performance with SMC. The next four figures 8§,
9, 10 and 11 show the tracking performance of PID and SMC
controller when subjected to disturbance. For both the
controllers the disturbance is created by an impulse function.
The results show that PID controller works best in ideal
conditions but when the robotic arm is subjected to
disturbance SMC proves to be robust as the results remain
unchanged with slight disturbance at the reference value. This
disturbance is known a chattering and can be avoided by the
use of smooth saturation function instead of signum function.

The tables 3 and 4 depicts the performance evaluation

of both the controllers. The overshoot in case of PID controller
is large which will affect the system performance and
mechanical parts in long run.

Table 1: Tuning Parameters

Angle 0,(4 rad) 0,(1 rad)
Parameters— aq K; a, k,
Data 3 20 2.5 10

Table 2: Steady State errors with PID and SMC

Controller PID SMC
Error— Ss Ss sserrory SS
error; | error, error,
with - 0.037 0.03393 | 0.0036
disturbance | 0.0818
5
without 0.0935 | -0.0062 | 0.007694 | 0.0004
disturbance 82

Table 3: Performance values of ¢, and ¢, without disturbance

Controller PID SMC
Performance 6, 6, 64 6,
index |
Rise time 0.269 | 0.116s 1.2s 1.7s
(T,) S
Settling time 5.26s 2.13s 3.1s 3.2s
(Ts)
Peak 14.9 14% 0 0
overshoot(M,,) %
Peak 4.6 1.14 4 1

Table 4: Performance values of 8, and ¢, withdisturbance
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Controller PID SMC
Performance 01 0, 0, 0,
index |
Rise time 0.304s | 0.069s 1.2s 1.7s
(T,
Settling time 6.43s 1.44s 3.4s 3.9s
Ty)
Peak 14.2% 14.7% 0 0
overshoot(M,)
Peak 4.7 1.15 4 1
A) PID and SMC controller without disturbance
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Fig. 4 Trajectory tracking of ¢, with PID
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Fig. 7 Trajectory tracking of 6, with SMC

B) PID and SMC controller with disturbance
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Fig. 10 Trajectory tracking of ¢, with disturbance SMC
1.5 ‘
—Desired

6

;4(\\_ -

g

-

o2

0

0 2 8 10 12 14 16 18
Time (sec)

Fig. 8 Trajectory tracking of 6, with disturbance for PID
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Fig. 11 Trajectory tracking of ¢, with disturbance SMC

V. CONCLUSION

The paper presents modelling, designing and simulation of
double link robotic manipulator with two types of controller.
Both the controllers conventional PID and SMC are
implemented on robotic arm successfully. The simulation is
carried out in MATLAB/SIMULINK environment. The results
show that both the controllers give good tracking performance
of the robotic arm. However it can be seen from the results
that the settling time for SMC is better than PID controller i.e.
the arm tracks the input faster in case of SMC. The problem of
chattering is removed by replacing sign function with
saturation function. The value of different parameters used in
modelling are provided in table 5.



Table 5: APPENDIX

Parameters Values

my 0.5

my 1.5
Ly 0.8
I, 1

J1 5

J2 5

ACKNOWLEDGMENT

The author gratefully acknowledges the technical assistance
from her supervisor who is the faculty member of Maulana
Azad National Institute of Technology, Bhopal (NIT Bhopal)
and friends who have helped in accomplishing the work within
the stipulated time.

REFERENCES

[1] M. Gopal, Digital Control and State Variable Methods,
3"edition, Tata McGrawhill, pp. 575-581,603-607,
2009.

[2] A. M. Mustafa and A. Al-Saif,“Modeling, Simulation

119

(3]

(4]

[5]
(6]

(7]

(8]

(9]

and Control of 2-R Robot,” Global Journal of
Researchers in Engineering ,vol. 14,pp. 49-54, 2014.

J. Ohri, D. R. Vyas, P. N. Topno, “Comparison of
Robustness of PID Control and Sliding Mode Control of
Robotic Manipulator” International Journal of Computer
Applications, pp. 5-10, 2011.

B. Bandyopadhyay, S. Janardhanan, V. Sreeram and E.
Abera, “Sliding Mode Control Design via Reduced Order
Model Approach,” International Journal on Automation
and Computing, pp. 329-334, October 2007.

Y. Feng, X. Yu and Z. Man, “Non-Singular Terminal
Sliding Mode Control of Rigid Manipulators,”

A. Tbeas and M. de al Sen, “Robust Impedance Control of
Robotic Manipulators,” IEEE Conference on Decision
and Control, pp. 1258-1263, December 2004.
Automatica 38, pp. 2159-2167, July 2002.

M. Belhocine, M. Hamerlain and K. Bouyoucef', “Robot
Control using a sliding mode,” IEEE proceedings on
International Symposium on Intelligent Control, pp. 361-
366, 1997

S. Islam and X. P. Liu, “Robust Sliding Mode Control
for Robotic Manipulators,” IEEE transaction on
Industrial Electronics, vol. 58, no. 6, pp. 2444-2453, June
2011.

J. Y. Hung, W. Gao and J.C. Hung, “Variable Structure
Control: A Survey,” IEEE transaction on Industrial
Electronics, vol. 40, no. 1, pp. 2-22, 1993.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


