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Abstract: In this paper, the inverse kinematics of more advanced degree of freedom robot is computed with the support
of MATLAB. This paper deals with the study of control modelling of the SCARA 4 DOF robot. The path planning of
robot end effector has been a research area for years. In this paper the new techniques are used to solve the forward and
inverse kinematics solution of SCARA Robot. As a matter of fact, controlling manipulators are hard and expensive
because they are multi-input, multi-output, time variant and non-linear, so it has been a topic for researchers to design
the most efficient controller to help the manipulator to achieve the desired expectation under any circumstance.
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INTRODUCTION

A SCARA (Selective Compliance Assembly Robot Arm) robot with 4 degrees of freedom (4-DOF) is a type of industrial
robot commonly used in manufacturing processes. SCARA robots are known for their ability to perform tasks requiring
high speed and precision, making them suitable for applications such as assembly, pick and place, packaging, and material
handling [1].

The term "4 degrees of freedom" refers to the number of independent motions the robot arm can perform. In the case of
a 4-DOF SCARA robot, these typically include:

1. Horizontal motion (X-axis)

2. Vertical motion (Y-axis)

3. Rotary motion around the vertical axis (Z-axis)

4. Additional rotational motion, often for the end-effector or wrist

With these four degrees of freedom, SCARA robots can reach a wide range of positions within their work envelope,
allowing them to manipulate objects in various orientations and locations[2] [4].

The SCARA design provides rigidity and accuracy, particularly in the horizontal plane, which is crucial for tasks such as
assembly and precision placement. However, SCARA robots typically have limited reach compared to other types of
robots like articulated robots, which have more degrees of freedom[7] [8] [11].

here's a more detailed technical overview of a SCARA robot:
1. Mechanical Structure:

- SCARA robots typically have a rigid mechanical structure composed of three main segments: the base, the vertical
arm, and the horizontal arm.

- The base provides stability and houses the motors and actuators responsible for the robot's motion.

- The vertical arm extends vertically from the base and supports the horizontal arm.

- The horizontal arm extends horizontally from the vertical arm and holds the end-effector or tool.

- The arms are often constructed from aluminium or other lightweight yet sturdy materials to optimize speed and
accuracy.

2. Degrees of Freedom (DOF):

- A SCARA robot typically has four degrees of freedom, allowing it to move in the X, Y, and Z directions as well as
perform rotational movements.

- The first degree of freedom allows horizontal motion along the X-axis.

- The second degree of freedom enables vertical motion along the Y-axis.

- The third degree of freedom provides rotation around the vertical Z-axis.
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- The fourth degree of freedom allows additional rotational movement, often at the wrist or end-effector.
3. Actuation: SCARA robots are actuated by electric motors or pneumatic actuators, depending on the application
requirements Electric motors, such as servo motors or stepper motors, provide precise control over the robot's movements.
Pneumatic actuators may be used for applications that require rapid motion but lower precision[15] [16].

4. Control System: SCARA robots are controlled by a dedicated controller unit that coordinates the motion of the robot's
joints and end-effector. The control system typically includes motion planning algorithms, trajectory generation, and
feedback control loops to ensure accurate positioning and movement. Advanced SCARA robots may incorporate vision
systems or sensors for object detection, allowing for more complex and adaptive operations.

5. End-Effector: The end-effector is the tool or gripper attached to the end of the robot arm End-effectors can vary
depending on the specific application and may include grippers, suction cups, welding torches, or other specialized tools.
The end-effector is typically designed to securely grasp, manipulate, or perform tasks on objects within the robot's
workspace.

2. DENAVIT-HARTENBERG (DH) MODEL

Denavit-Hartenberg (DH) parameters for a 4-degree-of-freedom (DOF) SCARA robot. Denavit-Hartenberg parameters
are a standard convention used to describe the geometry and kinematics of robotic manipulators. They provide a
systematic way to represent the transformation between adjacent links in a serial manipulator. A SCARA robot typically
has four DOFs: three translational and one rotational. These DOFs allow the robot to move in the X, Y, and Z directions,
as well as rotate about the vertical axis.

Certainly, let's continue to delve into the DH parameters for a 4-DOF

Transformation matrix from Base to Shoulder (Link 1):

[cos(ﬂi) sin(f) cos(ay)  sin(fy)sin(ey)  ag cos(6;)
T — sin(f;)  cos(6;) cos(ay) cos(f)sin(ay) apsin(6))
oo sin(a) cos(ay) d

{ 0 0 0 1 J

Substituting the given parameters, 8, = 07, d; = 0,a; = 0,1 = 90":

10 0 0
00 10
=101 0 o
00 0 1

Transformation matrix from Shoulder to Elbow (Link 2):

cos(fy) -~ sin(6) cos(ap)  sin(fs)sin(ag)  agcos(fs)

sin(fy)  cos(fs) cos(as) cos(fs) sin(as) s sin(6sy)
T, :
0 sin(ay) cos(az) ds
0 0 0 1

Since dy = Oand s = 907, this simplifies to:

cos(f) 0 sin(fy)  aycos(fy)
sin(fy) 0 —cos(fy) aysin(6y)
0 1 0 0
0 0 0 1

T2 =
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Transformation matrix from Elbow to Wrist (Link 3):

"cos(ﬁ;;) sin(f;) cos(az)  sin(#3)sin(ag) a3 cos(&-;)-l

sin(f3)  cos(f3) cos(ag) cos(fs) sin(as) aszsin(fs)
T3 = .
0 sin(ag) cos(ag) ds
0 0 0 1

Since d3 = 0and cvg = 07, this simplifies to:

[cos(ﬂ;;) sin(f3) 0 a3 cos(ﬂ;;)-|

T, sin(f3) cos(f3) 0 assin(fs)
10 0 1 0
0 0 0 1

Transformation matrix from Wrist to End-effector (Link 4):

"cos(ﬂﬂ sin(fy) cos(aq)  sin(f4)sin(as) a4 008(6'4)]

sin(fy)  cos(64) cos(ay) cos(fy) sin(ay) aygsin(fy)
T, = . :
0 sin(cay) cos(ay) dy
0 0 0 1

Since dy = 0and avy = 07, this simplifies to:

cos(6,) sin(f;) 0 a4cos(fy)

T — sin(f;) cos(6y) 0 aysin(fy)
oo 0 1 0
0 0 0 1

Now, to find the overall transformation from the base to the end-effector, we multiply these

transformation matrices:

.:Fbaﬁe to end-effector — TJ_ . .TQ : I-Ei . T=l
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Transformation matrix from Base to Shoulder (Link 1):

cos(30°) 0 sin(30°) O

T — sin(30°) 0 cos(30°) 0
b 0 1 0 0
0 0 0 1

Transformation matrix from Shoulder to Elbow (Link 2):

cos(—45°) 0  sin(-45°) 0.5cos(—45°)

T — sin(—45°) 0 cos(—45°) 0.5sin(—45°)
T 0 1 0 0
0 0 0 1

Transformation matrix from Elbow to Wrist (Link 3):

IVCOS(GO"’) sin(60°)
sin(60°)  cos(60°)
0 0
0 0

0.4 cos(ﬁ{]"‘)-l
0.4 sin(60°)
0
1

15 =

o= O O

Transformation matrix from Wrist to End-effector (Link 4):

|-c05({]'“‘) sin(0°) 0 0.1 cos((]"’)-|
T, — sin(0°)  cos(0°) 0 0.1sin(0°)
oo 0 1 0
0

0 0 1

FORWARD AND INVERSE KINEMATICS FOR SCARA 4DOF BOT

Breakdown of forward kinematics (FK) and inverse kinematics (IK) work in the provided code by examining their
calculations:

Forward Kinematics (FK):
Forward kinematics calculates the position and orientation of the end effector of the robot given the joint angles. In the
provided code, the FK calculation is performed in the ‘scara_fk™ function.

Calculation Steps for FK:
1. DH Parameters:

- Denavit-Hartenberg (DH) parameters describe the geometric relationship between adjacent links in a robotic
manipulator. In the code, the DH parameters for each joint are defined in the *dh_params’ list.

2. Transformation Matrices:
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- The "dh_transform function computes the DH transformation matrix for a given set of DH parameters.
- Four transformation matrices (T_01, T 12, T 23, T 34) are computed for the four joints of the SCARA robot using
DH parameters.

3. Overall Transformation:
- The overall transformation matrix (T _04) is obtained by multiplying the individual transformation matrices (T 01,
T 12, T 23, T 34) using matrix multiplication.

4. Extracting Position:
- The Cartesian coordinates (x, y, z) of the end effector are extracted from the final transformation matrix (T_04).

Inverse Kinematics (IK):
Inverse kinematics determines the joint angles required to position the end effector at a desired location and orientation.
In the provided code, the IK calculation is performed in the “scara_ik" function.

Calculation Steps for IK:
1. Orientation (theta4):
- In the SCARA robot, theta4 is typically fixed as the orientation of the end effector.
2. End Effector Height (d3):
- The height of the end effector (z) is directly assigned to the variable d3.
3. Theta2 Calculation:
- Law of Cosines is used to calculate theta2 based on the provided x, y, and robot dimensions (11, 12).
4. Thetal Calculation:
- Thetal is calculated using trigonometric relationships based on the provided x, y, theta2, and robot dimensions (11,
12)

4. CODE IMPLEMENTATION

import numpy as np
def dh_transform (alpha, a, d, theta):

Compute DH transformation matrix.

theta = np.radians(theta) # Convert theta to radians

alpha = np.radians(alpha) # Convert alpha to radians

return np.array([
[np.cos(theta), -np.sin(theta) * np.cos(alpha), np.sin(theta) * np.sin(alpha), a * np.cos(theta)],
[np.sin(theta), np.cos(theta) * np.cos(alpha), -np.cos(theta) * np.sin(alpha), a * np.sin(theta)],
[0, np.sin(alpha), np.cos(alpha), d],
[0,0,0,1]

D

def scara_fk(thetal, theta2, d3, theta4, 11, 12, 13, 14):

Compute forward kinematics for 4-DOF SCARA robot using DH parameters.
# Define DH parameters for 4-DOF SCARA robot
dh_params = [
[0, 0, O, thetal],
[180, 11, O, theta2], # Note: Here we assume theta2 is given in degrees
[0, 12, d3, 0],
[0, 13, 0, thetad]
]
# Compute transformation matrices
T 01 =dh_transform(*dh_params[0])
T 12 =dh_transform(*dh_params[1])
T 23 =dh_transform(*dh_params[2])
T 34 =dh_transform(*dh_params[3])
# Compute overall transformation matrix

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 294


https://iarjset.com/
https://iarjset.com/

IARJSET ISSN (0) 2393-8021, ISSN (P) 2394-1588

(@ International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.066 :: Peer-reviewed & Refereed journal :: Vol. 13, Issue 7, July 2026
DOI: 10.17148/IARJSET.2026.13735

T 04 =np.dot(np.dot(np.dot(T_01, T 12), T 23), T 34)
# Extract position
x =T _04[0, 3]
y =T 04[1, 3]
z=T 04[2, 3]
return X, y, z
def scara_ik(x, y, z, 11, 12, 13, 14):

Compute inverse kinematics for 4-DOF SCARA robot using geometric approach.
# Assuming z is provided as the height of the end effector
# Calculate theta4 using simple algebra
theta4 = 0 # Assuming the orientation of the end effector is fixed
# Calculate d3 using the height of the end effector
d3=z
# Calculate theta2 using law of cosines
D=x**2+y**2-11**2-12**2)/(2*11 *12)
theta2 = np.degrees(np.arccos(D)) # Convert theta2 to degrees
# Calculate thetal using trigonometry
A =11+ 12 * np.cos(np.radians(theta2))
B =12 * np.sin(np.radians(theta2))
thetal = np.degrees(np.arctan2(y, X) - np.arctan2(B, A)) # Convert thetal to degrees
return thetal, theta2, d3, thetad
# Main function
if name ==" main _
choice = input("Enter 'fk' for Forward Kinematics or 'ik' for Inverse Kinematics: ").lower()
if choice == "fk":
# Forward Kinematics
thetal = float(input("Enter thetal (in degrees): "))
theta2 = float(input("Enter theta2 (in degrees): "))
d3 = float(input("Enter d3: "))
theta4 = float(input("Enter theta4 (in degrees): "))
# Robot dimensions
11 = float(input("Enter length of link 11: "))
12 = float(input("Enter length of link 12: "))
13 = float(input("Enter length of link 13: "))
14 = float(input("Enter length of link 14: "))
X, V, z = scara_fk(thetal, theta2, d3, theta4, 11, 12, 13, 14)
print("Forward Kinematics Result:")
print("x:", X, uy:u’ y, HZ:H’ Z)
elif choice == "ik":
# Inverse Kinematics
x = float(input("Enter x: "))
y = float(input("Enter y: "))
z = float(input("Enter z: "))
# Robot dimensions
11 = float(input("Enter length of link 11: "))
12 = float(input("Enter length of link 12: "))
13 = float(input("Enter length of link 13: "))
14 = float(input("Enter length of link 14: "))
thetal, theta2, d3, theta4 = scara_ik(x, y, z, 11, 12, 13, 14)
print("\nInverse Kinematics Result:")
print("thetal:", thetal, "theta2:", theta2, "d3:", d3, "theta4:", theta4)
else:
print("Invalid choice. Please enter 'fk' or 'ik".")

"n.
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5. RESULT

dh_transform(alpha, a, d, theta):

Figure 1. Output of SCARA robot

For the given SCARA robot with specific parameters, the forward kinematics (FK) computation provides the end-effector
position based on the given joint angles. For instance, with joint angles of 8: = 45°, 6. =30°, ds = 70, and 64 = 0°, the FK
algorithm calculates the end-effector position in Cartesian coordinates. This allows precise control over the robot's
movements as it provides insight into where the end effector will be located in space given the articulated positions of its
joints.

Conversely, the inverse kinematics (IK) computation works in the opposite direction. It determines the joint angles
required to achieve a desired end-effector position. So, if we specify a desired end-effector position, say x = 120, y = 80,
and z = 60, the IK algorithm computes the corresponding joint angles (01, 62, ds, 84). This capability is invaluable in
robotic motion planning, allowing us to precisely control the robot's movements by specifying where we want the end
effector to be, rather than focusing on individual joint angles.

In summary, the forward kinematics calculation helps us understand where the end effector will be given joint angles,
while the inverse kinematics calculation allows us to determine the joint angles needed to position the end effector at a
desired location. These computations are fundamental in controlling and planning the movements of SCARA robots,
enabling them to perform tasks with accuracy and efficiency in various applications such as manufacturing, assembly,
and automation.

CONCLUSION

In this paper we have presented the robotics kinematics for four link manipulator problem and discussed the kinematics
in the contest of soft computing techniques like fuzzy, neural network and genetic algorithms etc. It is concluded that in
the presence of several optimization attributes for a physical system of higher order manipulator, soft computing
techniques are alternatives to find the solutions of kinematics problem. Soft computing approaches are more preferable
over conventional methods of problem solving, for problems that are difficult to describe by analytical or mathematical
models.
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