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B-SPLINED TRAJECTORY MODIFIED GENERATION TO MAXIMIZE SPEED 

OF THE NONHOLONOMIC AMR ROBOT 

Trajectory path generation is critical for the Autonomous Mobile Robot (AMR) when moving frequently in the 

working environment in the shop floor to transport loads from one work station to another continuously. 

Traditionally, the AMR moves from one point to stop at the next point or turn which is inefficient and consumes 
much energy. This paper proposes the new concept of AMR trajectory path planning with curvature driven by 

maximizing speed control of the differential drive at each curve to move smoothly. B-splined is commonly applied 

to CAD and CAM machining effectively for tool path trajectory. Therefore, the B-splined curvature is studied and 

validated by simulation together with energy consumption. The simulation is on Matlab Simulink with numerical 

model. It is investigated that the B-splined trajectory is efficient in animating the AMR’s actual system. The 

velocity can obtain both linear and angular velocity of the AMR movements on forward and backward directions 

as well as the acceleration. The trajectory can be selected based on the degree of closeness and used to generate 

speed and velocity control for the AMR system.  

1. INTRODUCTION 

Mobile robot trajectory planning involves using an intelligent system to move efficiently 

in dynamic motion when changing path occurs or to avoid a collision of obstacles. Trajectory 

planning follows the path planning from the starting point to the end under the constraints of 

the geometric waypoints involving with velocity, acceleration and torque. Trajectory planning 

deals with smooth path motion with maximum or optimal velocity. This research aims to 

improve the efficiency of the AMR trajectory planning with smooth motions. In addition, the 

AMR robot must be able to generate a trajectory to avoid obstacles with less time and energy 

[1]. The velocity must be reduced when the AMR moves on the curve with velocity control 

of the left wheel and right wheel under the differential drive control. It moves fast on the 

straight path and slow-down on the curve. This also help with Organic Human-Robot 

Interaction (O-HRI) [2]. Traditionally, the AMR trajectory planning follows the waypoint 
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path planning which requires reducing velocity and decreasing acceleration, even to the point 

of stopping before starting to move again and increasing velocity [3]. Movement on the curve 

geometry is extremely smooth and more efficient than on the point-to-point of the linear line. 

Path planning with SLAM is mostly based on the point to point motion. It causes inefficient 

trajectory and low performance on the AMR. This paper proposes on the B-spline trajectory 

modified generation instead of using traditional the path waypoint planning to maximize 

speed of the nonholonomic AMR robot. B-splined was introduced to build up the joint 

trajectories for the robot motion and mission based on a sequence of Cartesian knots of 

positions and orientation for a six-joint arm robot [4–7]. B-spline trajectory planning was 

proposed for a mobile robot with curvature constraints in a two-dimensional plane [8]. They 

can be defined the problem as a nonlinear semi-infinite optimization.  

The constraints included velocity and acceleration. Fast traversal of a path for the four 

wheel vehicles was previously interest of using automatic generation of a smooth planar for 

efficient guidance using B-spline curves [9]. The efficiency increases average 32.13%. Vertex 

movement and rapid velocity control in aerial robots was presented to achieve stable and 

continuous movements [10]. It can be the curves of B-spline and Bezier. Curved surfaces of 

the B-spline-based framework enabled the working of on the surface normal and position data  

[11]. Smoothing trajectories using NURBS was introduced for the jerk minimization and 

gradient-based optimization [7]. There are different kinds of smoothing trajectory for the 

various robot types. The mobile robot needs specific and proper trajectory planning to 

maneuver accurately at low speeds by deriving control parameters. Position and time are 

critical aspects to be taken into account when a perturbed wheeled mobile robot is designed 

the robust position-tracking controllers by using a super-twisting sliding mode control [12]. 

The offline trajectory planning method was proposed by using parabolic and cubic curves. A 

discontinuous state transformation was introduced using point to point tracking algorithms 

for trajectory planning with a set of way-point [13]. The closed-loop system was simulated 

using MATLAB environment and validated by turtlebot3 simulation. Position and 

localization were solved by leader-based bat algorithm which can operate with particle swarm 

optimization [14, 15]. The method was proven that it had less error than 21% compared with 

the adaptive Monte Carlo localization algorithm. A Gaussian mixture spline trajectory was 

used as a dataset to generate trajectory and learn from previous experiences. Trajectory 

planning for the mobile robot needs to move smoothly and rapidly to the target path planning 

safely and economically. It can be defined as global and local path planning according to the 

mastery of environmental information. The global environment includes the grid method, 

topology method, geometric feature method, and mixed representation method. On the other 

hand, the local method includes sensor detection, visual sensor, lidar scanning sensor and 

radar sensor. The mobile robot path planning algorithm can be divided into three types; 

classical algorithms, bionic algorithms and artificial algorithm.  

2. RELATED WORKS 

Autonomous mobile robot (AMR) has received highly attention all over the world 

because of the industrial revolution and digital transformation. The AMR two-wheel robot is 
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mainly responsible for services and transportation. In this research, the virtual non-holonomic 

of the AMR 2 wheel robot with differential drive system is studied. Trajectory planning is 

developed to move smoothly, rapidly, and economically. The previous paper reviews are 

concerned only with mobile robots, summarized and criticized to draw up the new concept of 

trajectory planning. A mobile robot might designed by functionalities and loads. It can be four 

steered wheels, which is controlled by pc-based controller [16], or two wheels with 

differential drive control [17], fuzzy logic control [18], and PID control in dynamic 

environments [19] whereas kinematics models are used to link with mechanical structural 

movement. Odometry is used for control wheels moved in real-time. A sliding mode dynamic 

controller has been applied to control wheeled mobile robots to move forward in the trajectory 

tracking target [20]. Adaptive controller can be used to guide mobile robot for trajectory 

tracking [21] with linear and angular velocities by kinematic and dynamic model. The concept 

can reduce error but increase performance for load transportation conditions. The stability 

was analysed using Lyapunov theory. Nonlinear control was applied to AGVs and AMR. The 

trajectory tracking objective was to describe and reach to the accomplished tasks. Heavy load 

transportation and high-speed movements need vehicle dynamics motion combined kinematic 

and torque control law for nonholonomic mobile. A robust adaptive controller is based on 

neural networks to deal with  disturbances and non-modeled dynamics[22]. An adaptive fuzzy 

logic system-based controller was used to deal with uncertainty which can tune parameter on-

line. The dynamic model included the actuator dynamics controlled with voltages of the 

motors. Neural Network based approach used to compensate fault parameters of the robot 

movement as well as identifying and controlling signals with linear and angular velocities. 

Real-time implementation required a high performance computer based on a multiprocessor 

system. Robot learning control used a multiprocessor system for real-time processing to 

address tracking problems in mobile robots operation to deal with environmental disturbances 

and parameter uncertainties [3], [23]. Radial Basis Function Networks (RBFNs) are 

considered as a non-linear approximation capacity for modeling the kinematic behaviour and 

reducing unmodeled contributions to tracking errors. Non-linear optimization techniques are 

used for learning algorithm for multilayer neural networks. Precise localization of the mobile 

wheeled robot used sensor fusion of odometry, visual artificial landmarks and inertial sensors. 

Gaussian process regression was applied as a batch nonlinear  for estimation trajectory to 

obtain maximize accuracy [24], [25] as well as combined with Bayesian filtering method [26], 

[27]. Accurate localization is critical for mobile robot navigation. The simulation localization 

and mapping (SLAM) method track signals from laser radar or sonar to form a probabilistic 

map of points of obstacles. A mobile robot has two sensors for inertial measurement units and 

wheel encoders. Sensor modality such as ultrasonic and sonar sensor, visual sensor, vision 

sensor and RGB-D sensor was used to solve SLAM problems in dynamic environments [3], 

[28]. The SLAM was rapidly created in 3D by Lidar system by planar surface segments which 

can extract 360° field of view point clouds to provide a map [29]. SLAM coordination can 

create global maps by merging the local planar surface segments. It consists of concurrent 

construction of a model of the environment by mapping and estimation of the robot’s moving 

state [30], [31]. SLAM was used for temporal pose interpolation using continuous time 

framework for creating trajectory smoothly and using the parametric method of finite element 

representation [31]. The Kalman filters model is used for fault-tolerant sensor fusion in mobile 
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robots. The fault tolerance scheme operates with the IMU and odometry sensors which are 

received by the Kalman filter based on EKF and UKF [27]. A differential drive control system 

offers advantages of rapid speed and movement in various directions. If both wheels are 

driven at the same direction and speed, the robot moves in a straight line. If both wheels are 

turned at equal speed in opposite directions, the robot rotates by the central point of the axis 

as shown in Fig.1. The robot can move precisely in any direction due to the rate and rotational 

direction control of the two driven wheels.  

Trajectory path planning is a significant task for the AMR working together with 

mapping or SLAM. Kohonen’s self-organizing map was studied by [32] using artificial neural 

networks. An autonomous tracking control system was developed by using a teleoperation 

approach with great flexibility and adaptability [33]. It can provide compensation information 

in the dynamic environment and connect to interactive controlled devices that cooperate with 

navigation. AMR control applies non-holonomic constraints from the kinematics links using 

a Lyapunov asymptotically stable tracking controller. The robot’s path serves to guide the 

robot to its desired initial state. However, there are numerous possible paths that are given the 

work space in which the AMR can move.  

Local and global path planning are designed and used to associate the path planning 

algorithms such as graph search, C-space search, and heuristic search to obtain optimization. 

The AMR is driven from one position to another within a certain region of the workspace 

[34]. Evolutionary algorithms, such as ant colony algorithm, are currently of interest for 

optimization and graph creation. The objective of the path planner is to minimize 

displacement by producing the optimal path and ensuring collision avoidance in path 

planning. A cost map is used to assign different values of cost to different accessible areas. 

Modeling methods are used to search for an optimal path. The robot surface interaction model 

works with kinematic structure and dynamic behaviour when the AMR moves. The model 

can work with differential drive of the motors [35]. AMR motion needs optimal trajectories 

with a curvature pattern which was used in the Hamiton-Jacobi formulation [36]. Optimal 

times to reach the goal state within a constrained environment can be achieved using a 

nonlinear model [37]. Genetic algorithm path planning was used for optimal AMR path in 

terms of time and displacement using a directed acyclic graph [38]. A swarm optimization 

algorithm using vector coevolving particles was developed with two swarms and two layers 

[39]. The top layer consists of all particles, whereas the bottom layer includes particles. The 

following equation shows the dynamic programming to obtain the static Hamilton-Jacobi-

Bellman and the first order of a nonlinear partial differential equation. Path smoothing is the 

ultimate goal for AMR movement working with robot navigation to deal with static and 

dynamic obstacles [40]. Energy consumption is also concerned by AMR design [41] which is 

varied by different trajectory planning. It concerns on an optimal control formulation for 

energy-conscientious trajectory generation for the AMR using numerical control. 

3. METHOGOLOGY 

According to the previous reviewed paper, many articles presented the advanced and 

modern models and methods for the trajectory planning of the AMR mobile robot, two wheels 
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with differential drive, under the smooth path and motion. It is obviously found that spline 

trajectory enables AMR to moves moothly. This paper studies and proposes a new model of 

B-spline trajectory modified using math modified generation on the simulation. A 

mathematical models and formula are created and run on the polynomial trajectory generator. 

There are four input variables: q = positions of trajectory vector, qd = velocities of the 

trajectory vector, qdd = acceleration of trajectory, pp = piecewise polynomial coefficients that 

achieve the waypoints. The MATLAB Simulink is created with a block diagram and run on 

the specific conditions of the input data, which is environment and constraints. It can be 2 

dimensions of the X and Y map given point control and waypoints can be SLAM. Then, the 

path planning is assigned. In this study environment is given by the 2 dimensions of the X and 

Y maps. In the model development, a B-spline trajectory modified generator will create route 

based on the algorithm with constraints, optimal velocity of the differential drive system for 

each point and a route through the whole route of AMR motion. The output can be X and Y 

positions, velocity of the left and right motors, acceleration and the piecewise polynomial 

vector.  

3.1 SIMULINK MODEL 

This section shows the model of the B-spline trajectory modified planning based on the 

path planning assignment of the way points. There are 8 waypoints starting from P1–P8. 

Firstly, the block control diagram is created with configuration of the dynamic control 

parameters for each block. The first block is important, as is the contribution of this 

development. The coding, algorithm, formula and parameters are set inside the model before 

it can run.  

3.1.1 NON-HOLONOMIC AMR DYNAMIC MODEL 

The non-holonomic AMR dynamic model is shown in the Fig.1 with two wheels and 

one caster wheel. The velocity is dependent on the diameter of the wheel and the power of 

the motor, as well as the capacity of the speed. Differential is optimized for the AMR’ speed 

in various trajectories using the concept of B-spline modified pattern. The assumption is that 

AMR does not move backward. It can turn left and right. It aims to move fast but stable 

particularly through the curvature path.  

 

Fig. 1. Model of the non-holonomic wheel mobile robot 
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The kinematic model of the non-holonomic wheel robot can be written as a linear 

velocity (υ), angular velocity (ω) and angle (θ) as in the (1).  

(
𝒙̇
𝒚̇

𝜽̇

) = [
𝒄𝒐𝒔(𝜽) 𝟎
𝒔𝒊𝒏(𝜽) 𝟎

𝟎 𝟏

] [
𝒗
𝝎

],                                                 (1) 

In case of non-slip, the relationship between linear velocity and angular velocity of right 

and left wheel can be described as the equation (2) and (3).  

|𝒗| =
𝒓

𝟐
(∅𝑹̇ + ∅𝒍

̇ )                                                        (2) 

|𝝎| =
𝒓

𝟐𝒃
(∅𝑹̇ − ∅𝒍

̇ ),                                                     (3) 

Where v is the linear velocity of the WMR, ω is the angular velocity, r is the radius of the 

wheel, b is distance between the wheels and its center, (∅R,∅l )  ̇is the angular velocity of the 

right and left wheels respectively.  

The dynamic equation is adopted as the general formula of the mobile robot as shown 

in (4). 

𝑀(𝑞)𝑞̈ + 𝑉(𝑞, 𝑞̇)𝑞̇ + 𝐺𝑚(𝑞) = 𝐵(𝑞)τ − 𝐴(𝑞)𝑇λ                               (4) 

Where: M(q) represents the inertia matrix,  

𝑉(𝑞, 𝑞̇) is the matrix of coriolis and centrifugal forces, 

𝐺𝑚(𝑞) is gravitational force 𝜏𝑑is external and disturbance,  

𝐵(𝑞) represents the input of the transformation matrix,   

𝐴(𝑞)𝑇𝜆 is the matrix associated with such restriction.  

q = [x, y, θ, ϕr, ϕl]
T                                                      (5) 

Non- holonomic constraints can be defined as the (6)–(12).  

𝑥̇ + 𝑏𝜃̇𝑐𝑜𝑠(θ) + r∅̇𝑟𝑐𝑜𝑠(θ) = 0                                    (6) 

𝑦̇ + 𝑏𝜃̇𝑠𝑖𝑛(θ) + r∅̇𝑟𝑠𝑖𝑛(θ)  =  0                                   (7) 

𝑥̇ − 𝑏𝜃̇𝑐𝑜𝑠(θ) + r∅̇𝑙𝑠𝑖𝑛(θ) = 0                                       (8) 

𝑦̇ − 𝑏𝜃̇𝑠𝑖𝑛(θ) + r∅̇𝑙𝑠𝑖𝑛(θ)  =  0                                         (9) 

(3)+(4)   𝒙̇ =
𝒓

𝟐
𝒄𝒐𝒔(𝛉)(∅̇𝒍 − ∅̇𝒓)                                        (10) 

(5)+(6)   𝒚̇ =
𝒓

𝟐
𝒔𝒊𝒏(𝛉)(∅̇𝒍 − ∅̇𝒓)                                        (11) 

(3)-(5)   𝜽̇ =
𝒓

𝟐𝒃
(∅̇𝒍 − ∅̇𝒓)                                              (12) 
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We can create matrix A(q) which satisfied non-holonomic constraints as (13) 

𝐴(𝑞)𝑞̇ = 0[3𝑥1]                                                       (13) 

𝑨(𝒒) = [

𝒄𝒐𝒔(𝛉) 𝒔𝒊𝒏(𝛉) 𝟎
𝒓

𝟐
−

𝒓

𝟐

−𝒔𝒊𝒏(𝜽) 𝒄𝒐𝒔(𝜽) 𝟎 𝟎 𝟎

𝟎 𝟎 𝟏
𝒓

𝟐𝒃

𝒓

𝟐𝒃

]                            (14) 

From the Euler Lagrangian we can derive 

𝑑

𝑑𝑡
[𝐴(𝑞)𝑞]̇ = 0[3𝑥1]                                                  (15) 

We can simplify the derivative as  𝐴(𝑞)𝑞̇ + 𝐴̇(𝑞)𝑞 = 0[3𝑥1]  

From the dynamic equation, it can be presented in the form of  𝑞̈ as (16) 

𝑞̈ = 𝑀−1(𝑞)[𝐵(𝑞)τ − 𝑣(𝑞, 𝑞̇) + 𝐴(𝑞)𝑇𝜆]                                 (16) 

From (16), we can substitute 𝑞̈ (17) and get Lagrange multiplier as the following 

equation.  

𝜆 =  −[𝐴(𝑞)𝑀−1(𝑞)𝐴(𝑞)𝑇]−1[𝐴(𝑞)𝑀−1(𝑞)(𝐵(𝑞)τ − 𝑣(𝑞, 𝑞̇)) + 𝐴̇(𝑞)𝑞̇]      (17) 

3.1.2. B-SPLINE CURVE GENERATION 

In robotics, a B-spline curve is used in path planning and trajectory generation. When a 

robot needs to move from one point to another, the generated path may contain sharp turns or 

abrupt changes in direction, leading to inefficient or jerky motion. By applying B-spline 

curves to smooth out these paths, robots can achieve smoothness and continuous movements, 

which are often crucial for tasks requiring precision and efficiency.  

𝒒̇𝒓 = [𝒙̇𝒓, 𝒚̇𝒓, 𝜽̇𝒓, ∅̇𝒓𝐫
, ∅̇𝒍𝐫

]
𝐓
                                                   (18) 

From the input of b-spline curve generation, there are 3 dataset which are q, qd, qdd 

which contain position, velocity and acceleration of the robot in x and y coordinates. We can 

get 𝒙̇𝒓, 𝐯𝒓, 𝜽̇𝒓 as shown in the equation (19)–(21).  

𝒙̇𝒓 = 𝒒𝒅𝒅(𝟏) , 𝒚̇𝒓 𝒒𝒅𝒅(𝟐)                                                   (19) 

Furthermore, we can define desired linear and angular velocity𝒗𝒓, 𝒘𝒓 as 

𝐯𝒓 = √𝒙̇𝒓(𝒕)𝟐 + 𝒚𝒓̇(𝒕)𝟐                                                       (20) 

𝜽̇𝒓 = 𝐰𝒓 =
𝒙̇𝒓(𝒕)𝒚𝒓̈(𝒕)−𝒚̇𝒓(𝒕)𝒙𝒓̈(𝒕)

𝐱𝒓(𝒕)𝟐+𝐲𝒓(𝒕)𝟐
                                               (21) 
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From the relation between robot velocity and wheel velocity, it can be represented by 

the equation of AB = X.  

X= [𝐯𝒓 𝐰𝒓]𝑻                                                                 (22) 

𝑨 = [

𝒓

𝟐

𝒓

𝟐
𝒓

𝟐𝒃
−

𝒓

𝟐𝒃

]                                                                (23) 

B = [∅̇𝒓 ∅̇𝒍]
𝑻                                                               (24) 

Then, we can get the angular velocity of each wheel as shown in the (25). 

B = A-1X                                                                  (25) 

3.1.3. CONTROLLED DESIGN 

Controller design is started by the schemetic concept of AMR functions. It concerns 

with velocity, positions, torque and trajectory. The concept is tested by Matlab Simulink. 

Figure 4 shows the AMR control system design. PID is applied to control stability. 

Differential drive is used with encoders to build odometry information. The data capture is 

velocity for the AMR of the left and right motor. Positions are obtained by 2 planes of X and 

Y axes as well as the motor’s positions on the left and right. Figure 4 shows the dynamic 

model controller with simulink to B-spline modified generator and outputs. They are position 

(ourput1), velocity (output2) and acceleration (output3) as well as the output 4.  

 
Fig. 4. AMR control system Simulink model 

3.1.4. INNER CONTROL LOOP 

In the equivalent control law, the inner control loop is shown in (26)  

𝑀(𝑞)𝑞̈ + 𝑉(𝑞, 𝑞̇)𝑞̇ + 𝑔(𝑞) = τ𝑒𝑞                                (26) 

𝑉(𝑞, 𝑞̇)𝑞̇, 𝑔(𝑞) represents the feedback from 𝑞, 𝑞̇ we can cancel the nonlinear component and 

re-derive as 
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𝑀(𝑞)𝑞̈ = 𝑀(𝑞)A𝑞                                                   (27) 

The output of the inner control loop with torque can be defined as the following. 

𝛕𝒐𝒖𝒕 = 𝒎𝑨𝒒 + 𝒗(𝒒, 𝒒̇)                                               (28) 

From the general dynamic equation, it can substitute previous equation since 

gravitation is negligible and can get the torque as in the (29).  

𝑩(𝒒)𝛕 = 𝑴𝒒̈  +  𝒗(𝒒, 𝒒̇) − 𝑨(𝒒)𝑻[𝑨(𝒒)𝑴−𝟏(𝒒)𝑨(𝒒)𝑻]−𝟏[𝑨(𝒒)𝑴−𝟏(𝒒)(𝑩(𝒒)𝛕 −
𝒗(𝒒, 𝒒̇) + 𝑨̇(𝒒)𝒒̇]                                                                                           (29) 

Then, it can reduce the torque equation at the right hand side and it can get the (30), (31) 

𝛕 = 𝑩−𝟏(𝒒)𝑨(𝒒)𝑻[𝑴−𝟏(𝒒)𝑨𝑻(𝒒)]𝑨(𝒒)𝑴−𝟏(𝒒) + 𝐈𝟓𝒙𝟓]−𝟏[𝑴𝒒̈ + 𝑽(𝒒, 𝒒̇) −
𝑯(𝒒)𝑨̇(𝒒)𝒒̇ + 𝑯(𝒒)𝑨(𝒒)𝑴−𝟏(𝒒)𝑽(𝒒, 𝒒̇)]                                                         (30) 

𝑯(𝒒) = 𝑨(𝒒)𝑻[𝑨(𝒒)𝑴−𝟏(𝒒)𝑨(𝒒)𝑻]−𝟏                                        (31) 

It can substitute (31) in to (30), then it can get (32) 

𝛕 = 𝑩−𝟏(𝒒)[𝑨(𝒒)𝑻[𝑴−𝟏(𝒒)𝑨𝑻(𝒒)]𝑨(𝒒)𝑴−𝟏(𝒒) + 𝐈𝟓𝒙𝟓]−𝟏[𝑴𝐀𝒒 + 𝑽(𝒒, 𝒒̇) −

𝑯(𝒒)𝑨̇(𝒒)𝒒̇ + 𝑯(𝒒)𝑨(𝒒)𝑴−𝟏(𝒒)𝑽(𝒒, 𝒒̇)]                                                          (32) 

3.1.5. OUTER CONTROL LOOP 

The error of the system can be define as the outer control loop as shown in (33) 

𝑞𝑒 = 𝑞𝑟 − 𝑞                                                         (33) 

Where 𝑞𝑒 is the error coordinate  which convert to 0 or lim
𝑡→∞

𝑞𝑒 = 0, and 𝑞𝑟 is the reference 

coordinate and q is the robot coordinate. 

From the feed forward and PID- controller, we can get linearization of 𝑞̈ as shown (34)   

𝑎𝑞 = 𝑞̈𝑑 + 𝑘𝑝𝑞𝑒 + 𝑘𝑑𝑞̇𝑒                                               (34) 

4. RESULTS AND DISCUSSION 

The section presents the path trajectory along the way points based on the B-spline 

curvature. The results are shown and discussed in detail. However, the AMR robot studied in 

this paper is shown by the virtual AMR trajectory motion to investigate dynamic control 

parameters such as velocity, acceleration, and positions of the robot located in the SLAM 

mapping. This simulation can be linked to the real AMR control by feedback control using 

robotic operation system (ROS) and odometry system connecting by TCP/IP protocol 

whereas the SLAM can be generated by the scanning lidar system. From the Simulink 
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dynamic model, the way point is sent like a pattern or random by dynamic route path which 

is located on the 2 planes of the X and Y as shown in the Table 1. 

Table 1. The way points coordination of the robot path 

Position/Point P1 P2 P3 P4 P5 P6 P7 P8 

X (cm) 0 0 30 50 60 80 60 60 

Y (cm) 0 70 70 70 40 20 60 80 

 

The Fig.5 (a) shows the desired path planning motion compared to the robot trajectory 

motion. The desired path planning is based on the waypoint assignment. From the simulation, 

the simulation shows that the desired path planning is very close to the robot motion. The 

graph shows the robot moving positions along the trajectory. Figure 5 (b) shows the AMR 

speed of velocity and time on the X and Y planes. Critical speed is shown in the P3 and P6 

which represent the speed of the curvature. The speed is down when the curve is small. It is 

also found that the curve impacts the wheels. The counter clockwise (CCW) curve shows that 

the robot speed is faster than the desired speed whereas the clockwise (CW) curve enforces 

that the robot speed move slower. Figure 5 (c) shows the right wheel velocity. It is shown that 

the robot’s speed is opposite to the left wheel both CW and CCW, because of the impact of 

the inner and outer wheels of the robot. Figure 5 (d) shows the linear velocity, which shows 

that the speed is steeply down from P1 to P3 and stable until speed down again at the P6 

before stepping up to the end point. Figure 5 (e) shows the angular speed which starts at with 

0 rad/sec, and speed down to –2 rad/sec meaning that the robot wheel turns right at P3. Then, 

the robot moves in the opposite direction with left turn. The angular speed is highest at the 

P6 and decrease to 0 rad/sec at the end. Figure 5 (f) shows acceleration starting from 

0.5 m/sec2 and then decreasing to 0 m/sec2 at P3, fluctuating and accelerating again at the P6. 

 

 
(a)                                                      (b)                                                                (c)  

 

 

 
 

 

 

 

 

 

 

 

                            (d)                                                             (e)                                                           (f)          
Fig. 5. B-splined trajectory simulation for the first test 

  

 
 

 

P1 

P2 

P3 
P4 

P5 

P6 

P7 

P8 

P3 

P6 

P3 

P6 

P3 P6 
P3 

P6 

P3 

P6 



H.A. Neamah and R. Butdee/Journal of Machine Engineering, 2024, Vol. 24   15 

 

The research effort is to validate one simulation assigning 7 positions of the P1 to P7 as 

shown in the Fig. 6 (a). It shows the second path planning of the simulation environment. The 

trajectory motion is compared between the desired path planning and the robot simulation. 

Figure 6 (b) and Fig. 6 (c) show the left and the right wheel speed, and the trajectories are 

very close to the desired path planning. The speed of the wheels is shown similarly with the 

previous simulation of the Fig.5. It is investigated that the B-spline shows that the virtual 

AMR moving faster on the first curvature whereas it moves slower on the second. It is because 

of the characteristics of the curve. The right wheel velocity moves in the opposite direction 

of the left wheel. The first curve shows that the robot moves slower than the desired path 

planning but it moves faster in the second curve or turn. It can be concluded that the left wheel 

of the virtual AMR moves faster than the right wheel when making a left turn in an anti-

clockwise direction. In contrast, the virtual AMR moves faster with the left than the right 

wheel. Critically, the left wheel and the right wheel speeds are closely at the wide curvature 

whereas. Figure 6 (d) shows the linear velocity of the virtual AMR. It starts with high speed 

at linear trajectory and reduces sharply to the first curvature before increase the speed again. 

Figure 6 (e) shows the angular velocity. It is very high velocity at the beginning and fluctuates 

for the medium speed until it moves to the narrow curvature; the angular speed is very low 

before increasing to the medium speed at the end point. Figure 6 (f) shows the acceleration 

which decreases at the beginning and remains stable before the end. Then increases 

dramatically.   

 

Fig. 6. Positions of X and Y in the 2D map (localization) related to the AMR movement’s time  

The results of the trajectory modified generation for smooth motion of the virtual AMR 

using the B-spline method is presented and discussed. The dynamic model was created and 

tested in the Simulink. Two different path planning environments were assigned and test for 
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satisfaction. The result can be applied to the nonholonomic AMR with a two wheels 

differential drive. The next step is to develop the real AMR robot and communication by 

ROS2 using the Linux operating system on the Ubuntu platform. The odometry system can 

be done by tracking data from a motor encoder. SLAM is created by connecting ROS2 to a 

scanning lidar sensor. In addition, artificial intelligence and machine learning can be applied.  

4. CONCLUSION 

The paper presents the concept of a B-spline trajectory modified generation model in 

order to create the virtual nonholonomic AMR two wheels with different drive based on path 

ways assignment that is a point-to- point. The path planning assigns the direction of the 

robot’s motion from the starting point to the next one incrementally until to the end point. The 

trajectory is the robot’s motion as a time series. The B-spline is autonomous generated by the 

dynamic Simulink model. Algorithms and code are developed within each block in the 

Simulink flow diagram. The modified trajectory is the AMR motion in the form B-spline with 

curve referred to as the control points (three points). The optimization of velocity control 

based on the curvature-modified path is generated by the dynamic model. The outputs are 

position, velocity both linear and angular velocity, acceleration, velocity of the right and left 

wheel motors. After the dynamic model was tested and compared with the desired and the 

robot motion. It was found that they are very close that can infer that the model is acceptable 

and high accuracy. Therefore, the model can be applied and linked with the actual AMR robot 

with sensor and actuator connection by internet TCP/IP.  
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