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ABSTRACT:  

Inverse  kinematics of a robot is extremely basic to locate the joint factors that fulfill the ideal posture of the 

robot during its control. This is utilized in controlling the robot position, movement of the robot, and so on In 
this paper, bit by bit clarification and correlation of two broadly utilized techniques, in particular, opposite 

kinematics and Jacobian backwards strategies, for robot control are introduced. For this reason a six levels of-

opportunity wrist-parceled modern robot KUKA KR5 Arc was utilized to show the strategies. A tale approach 

has been proposed for choosing the suitable arrangement of joint points among the few converse kinematic 

arrangements. It depends on weight of each connection and manipulability. The correlation of these 

methodologies for direct and round direction is introduced. Their focal points, restrictions, applications, and 

calculations included are likewise featured. 

 

I. INTRODUCTION 
The objective of a robot regulator is to 

create a satisfactory movement of the end-effector 

by decisively inciting its joints for a predetermined 
errand. To examine the math of movement without 

considering its motivation goes under the subject of 

kinematics. Robot kinematics is separated into 

forward and converse kinematics which are 

portrayed in Figure 1. Forward kinematics (FK) 

uses kinematic conditions to discover the posture, 

i.e., position and direction of the end-effector (EE), 

given the joint points, while the converse 

kinematics (IK) processes the joint plots for an 

ideal posture of the EE. Joint points are then 

contribution to the actuators connected to move the 
connections of the robot as indicated by the 

predefined direction. So there is a necessity of 

exact joint point esteems for exact. 

 

 
Fig.1 

 

robot control or potentially kinematic 

movement. For sequential robots, FK is clear, 

which has novel arrangement, while the converse 

kinematics has numerous arrangements fulfilling a 

specific posture. One way to deal with the reverse 

kinematics issue is to locate a shut structure 

arrangement utilizing logarithmic or mathematical 

technique. Another methodology is to locate a 

mathematical arrangement by a progressive guess 

calculation. In spite of the fact that the previous 

methodology is commonly more alluring in 
applying the answer for constant control of robots, 

it isn't generally conceivable to acquire the shut 

structure answers for the controllers with subjective 

designs [1]. There exist a few techniques for 

demonstrating and tackling IK of a robot. The 

kinematic demonstrating of sequential chain robots 

are generally done utilizing the Denavit-Hartenberg 

(DH) boundaries [2]. The scientific technique for 

explaining backwards kinematics for six levels of 

opportunity (DOF) robot controller with three 

successive tomahawks either crossing or equal was 

accounted for in [3]. Such design have eight 

opposite kinematic arrangements. An overall six 

DOF robots, have sixteen arrangements [4]. The 
quantity of systematic answers for various levels of 

opportunity robots are recorded in Table 1. Thus, 

for nonstop movement of a robot, a precise 
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arrangement of arrangements among a few 

backwards kinematic arrangements is required. 

Another technique for taking care of IK issue is by 

the utilization of Jacobian reverse [5, 6]. The 

mathematical technique for illuminating the 

converse of Jacobian lattice was introduced in [7, 

8]. The explanatory answer for the converse 

kinematics issue for six-DOF robot controller is 

introduced in [9]. The benefit of diagnostic 

articulation is that it gives recipes for connection 
between joint point and connection boundaries. 

These relationship can be straightforwardly 

implanted in the mechanical technology regulator. 

robot control as well as kinematic movement. For 

sequential robots, FK is direct, which has novel 

arrangement, while the opposite kinematics has 

different arrangements fulfilling a specific posture. 

One way to deal with the Serial robots with wrist-

parceled highlight, i.e., the last three connection 

tomahawks meeting, are generally utilized in 

ventures [2]. A mathematical strategy for 
unraveling the IK of a six-DOF robot with wrist-

divided structure with all revolute joints, condensed 

here as 6R-WP-robot, introduced in [1] is utilized 

in this paper. Further, bit by bit strategy for 

actualizing the IK for persistent robot control is 

clarified. kinematic answers for control and control. 

The analytical and reverse Jacobian techniques 

are looked at by tracinglinear and round directions. 

Such correlations are not effectively recognizable 

in open writing, despite the fact that the modern 

robot producers may utilize them. Thus, this paper 

will help those specialists who might want to take 

forward the proposed ideas and actualize them. 

 

II. METHODOLOGY 
This segment clarifies in a nutshell the 

definition utilized behind the reverse kinematics of 

a 6R-WP robot. Two techniques, specifically, 

logical strategy and the Jacobian opposite 

technique are examined.  

Inverse  kinematics  Mathematical model of the 

sequential robot with wrist-parceled include i.e., 

the DH boundaries is given in Table 2. Kinematic 
outline of the comparing robot is appeared in the 

Figure 2(a). The DH boundaries are taken from its 

distinguished worth introduced in [10]. The net 

change framework to acquire the position and 

direction of the EE can be given as, 

No 

. 

bi 

(mm) 

i 

(o) 

Minimum 

joint limit 

(o) 

Maximum 

joint limit 

(o) 

ai 

(mm) 

i 

( o ) 

1 400 1 -155 155 180 /2 

2 0 2 -65 180 600 /2 

3 0 3 -68 105 120 0 

4 620 4 -350 350 0 /2 

5 0 5 -130 130 0 /2 

       

6 0 6 -350 350 0 0 

Table-1 

 

 
Figure 2. The desired path to be traced by the robot. 

 

Figure 2 shows the straight line motion 

traced by the robot. The inverse kinematic method 

gave positioning errors of the order of 10-13 mm 

between commanded and desired position of the 
end- effector for straight line motion as shown in 

Figure 3. Table 4 lists the time taken using different 

selection criteria proposed in Section 2.1.4 for 

tracing the straight line. 
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Fig .3.Error in end-effector position (circular, inverse kinematics) 

 

III. RESULTS AND CONVERSATIONS 
The precise positions acquired from the IK 

are refreshed by the regulator of the robot. The 

control recurrence of a normal modern robot by and 

large changes between 10 to 50 Hz that decides the 

time occurrence where the joint position esteems 
are refreshed and directed by the regulator. 

Clarified in Sections 2.1 and 2.2 individually, are 

actualized in MATLAB climate for a straight and 

roundabout direction. For movement of the robot 

movement, the joint points got utilizing IK joint 

hub course of joint 1. Likewise e2 is the joint hub 

were given to Virtual Robot Module (VRM) [14] of 

RoboAnalyzer programming. They are indicated 

Figure 4. The joint bearing and a2,e is the situation 

of the EE from joint 2, etc. Every section of the 

Jacobian comprises of the differential pivot and 

interpretation vector comparing to the differential 

change in the joint rates. So as to get the joint 

variety for the ideal addition at the kth point 

present is given by the Jacobian reverse as 

underneath, where xe is the ideal addition in the 

posture of the EE. The productive method to 

choose the addition was given in [13]. The joint 

points needed to come to the kth point, which are 

like the primary request Taylor arrangement 
extension of the joint point assessed as points 

determined were given as contribution to the VRM 

for the activity and perception reason. These 

calculations were tried on Intel® Core, i7-3770 

CPU and 3.40 GHz with 8 GB RAM, 64 cycle 

Windows 7 OS. The examinations of the 

methodologies given in Section 2 are presently 

talked about in following areas. 

 

S.No 
. 

No. of 
steps 

Straight line motion Circular motion 

Error (mm) Time (s) Error (mm) Tim

e (s) 

1 100 6.49 0.508 19.42 0.53

4 

2 200 3.25 0.941 9.87 0.95

7 

3 400 1.86 1.770 4.73 1.82

1 

4 600 1.01 2.606 3.47 2.66

3 

5 800 0.89 3.465 2.43 3.50

2 

Table-2 

 

clarified in Sections 2.1 and 2.2 

separately, are actualized in MATLAB climate for 

a direct and roundabout direction. For liveliness of 

the robot movement, the joint points acquired 
utilizing IK joint pivot bearing of joint 1. Also e2 is 

the joint pivot were given to Virtual Robot Module 

(VRM) [14] of RoboAnalyzer programming. They 

are demonstrated Figure 4. The joint heading and 

a2,e is the situation of the EE from joint 2, etc. 

Every section of the Jacobian comprises of the 

differential turn and interpretation vector 

comparing to the differential change in the joint 

rates. So as to get the joint variety for the ideal 

addition at the kth point present is given by the 
Jacobian opposite as beneath, where xe is the ideal 

addition in the posture of the EE. The effective 

method to choose the augmentation was given in 

[13]. The joint points needed to come to the kth 

point, which are like the main request Taylor 

arrangement development of the joint point 
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assessed as points determined were given as 

contribution to the VRM for the liveliness and 

representation reason. These calculations were tried 

on Intel® Core, i7-3770 CPU and 3.40 GHz with 8 

GB RAM, 64 bit Windows 7 OS. The examinations 

of the methodologies given in Section 2 are 

presently talked about in following segments. 

Here the robot developer needs to determine the 

middle, span and ordinary of the circle which was 

needed to be followed by the robot. The middle C 
of the circle was taken as (0.8, 0, 0.9) m and the 

span of the hover determined as 0.3 m. The pivot of 

the circle was held corresponding to the joint hub 1 

which is appeared in Figure 4(b). The end effector 

was at a steady direction. Utilizing the reverse 

kinematics technique a blunder of the request 10-13 

mm was watched. Table 4 records the timetaken.  

Here the robot developer needs to indicate 

the middle, sweep and typical of the circle which 

was needed to be followed by the robot. The 

middle C of the circle was taken as (0.8, 0, 0.9) m 
and the sweep of the hover determined as 0.3 m. 

The hub of the circle was held corresponding to the 

joint hub 1 which is appeared in Figure 4(b). The 

end effector was at a consistent direction. Utilizing 

the opposite kinematics strategy a mistake of the 

request 10-13 mm was acquired as appeared in 

Figure 5(c). Table 4 records the time made with 

various stride size utilizing diverse determination 

models of IK arrangements.  

The Jacobian reverse strategy brought about higher 

situating blunders (19.42 mm) contrasted with 

converse kinematics technique, where the situating 

mistakes were practically insignificant. Figure 5(d) 
shows that by expanding the quantity of middle 

focuses or diminishing the progression size the 

mistake of EE situating decreases.  

It was discovered that the Jacobian reverse 

arrangement has more noteworthy blunder while 

following a roundabout direction than the straight 

line movement. This is very clear as the technique 

depends on straight line approximations. 

Henceforth, more the shape of a way, more blunder 

is normal. The converse kinematic strategy then 

again is not influenced by the progression size as 
the estimations are definite. The progression size 

for figuring the middle setups here relies upon the 

control recurrence and the goal of the robot. 

 

 

Criterion for inverse kinematics Straight line (in sec) Circular motion (in sec) 

Minimum deviation of all joint 

angles 

4.438 4.458 

Minimum deviation in first three 

joints 

4.419 4.351 

Weighted deviation of joints 4.358 4.413 

   Manipulability  4.432  4.432  

                        Table 3. Time taken in inverse kinematics method (100 steps) 

 

IV. CONCLUSIONS 
This work has detailed the examination 

between two broadly utilized techniques for control 

and activity of a commonplace modern robot, to be 

specific the backwards kinematic and the Jacobian 

converse strategies. Straight and roundabout 

directions were chosen for looking at the two 

methodologies. The bit by bit strategy to get IK 

arrangements and choosing measures of one 

arrangement among eight arrangements was given. 

Among the four standards for choosing 

arrangements, least calculation time is for checking 

least deviation in initial three joint points, however 
the client can choose other measures relying upon 

the necessity and errand. The wrist parceled six-

DOF robot brings about achieving obviously better 

exactness in situating the robot by telling them 

determined IK joint space than the mathematical 

strategy, i.e., Jacobain reverse method. Despite the 

fact that expanding the progression size in 

mathematical techniques diminishes the blunder at 

the expense of expanded calculation. In movement 

climate these calculations were effectively executed 

and analyzed. In future versatile learning strategies 

for IK will be fascinating to actualize and analyze. 
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