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Abstract: To control the movement of a robot, we need to understand and use some equations related to the 

position of the robot and its parts relative to both the world and to itself. This position is called the pose of 

the robot. The pose of a robot tells us the location of the robot in either two or three dimensions or also its 

orientation. That is, in what direction is it facing, the pose can be a simple three-element vector, but for arm-

based robots, the robot portion of the project will have two distinct phases. First, we will work with 

embedded robotics controllers. This will mainly feature National Instruments controllers that are 

programmed using LabVIEW. LabVIEW is a graphical, commercial programming environment from 

National Instruments. It is quite often used in robotics, instrumentation testing and certain types of industrial 

control applications.  

Index Terms - LabVIEW, Atmega328, Robotics  

I. INTRODUCTION 

Robotics and Automation are becoming an essential component of engineering and scientific 

systems and consequently, they are very important topics for study by engineering and science students. 

Furthermore, robotics is built on fundamentals like transducer characterization, motor control, and data. 

Acquisition, mechanics of drive trains, network communication, computer vision, pattern recognition, 

kinematics, path planning, and others that is also fundamental to other fields, manufacturing, for instance.  

Learning these fundamentals can be challenging and fun by doing experiments with a capable mobile robot.  

The National Instruments (NI) LabVIEW Robotics Kit and LabVIEW provide an active-learning 

supplement to traditional robotics textbooks and curriculum by providing multiple capabilities in a compact 

and expandable kit.  

 

The experiments described herein show how to communicate between a host computer and a robot, 

how robots communicate with sensors to obtain data from the robot's environment, how to implement 

algorithms for localization and planning in LabVIEW software, how the robot communicates with actuators 

to control sensor motion and driving motion, how to implement algorithms for controlling sensor and motion. 

National Instruments LabVIEW is a graphical programming environment used by millions of engineers and 

scientists to develop sophisticated measurement, test, and control systems using intuitive graphical icons and 

wires that resemble a flowchart. It facilitates integration with thousands of hardware devices and provides 

hundreds of built-in libraries for advanced analysis and data visualization – all for creating virtual 

instrumentation. The LabVIEW platform is scalable across multiple targets and operating systems. 

 

The NI LabVIEW robotics module includes a robotic starter kit: an assembled robot with the frame, 

wheels, drive train, motors, transducers, computer, anmd wiring. The hardware can be studied, reverse 

engineered, and modified by the students.  
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2. Proposed Method 

2.1 Kinematics 

In this paper, Kinematics means the analytical study of the geometry of the motion of a machine, for a 

fixed reference coordinates, without regard to the focus that causes with the motion. The study of geometric 

and time-based quantities like position, velocity, and acceleration are considered. Inverse Kinematics is used 

to generate the trajectory angle of the robot motion. Robotics is keeping track of which frame of reference is 

being used. The global coordinate frame is relative to the robot’s surroundings. We start robotics experiments 

with the robot at position (0, 0) and facing in the direction of the  axis ( ). The local coordinate 

frame is relative to the robot. We use the local coordinates when measuring the movement or setting the 

velocity of the wheels. 

 

2.2 Robot Global Position 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Axis position of mobile robot 

 

The robot’s location and orientation in the global coordinate frame the position, or pose, of the robot. 

The robot’s position is represented as a matrix ( ) containing its   and  Cartesian coordinate pairs and 

its angle of orientation ( ). 

 

 

 

 

 

For robots that move in two dimensions, such as a mobile robot or arm type robots that move in a 

plane, the robot’s pose is a three –element vector .  An alternative expression of the pose is to 

define it as a coordinate frame. The coordinate frame consists of two perpendiculars (orthogonal) axis and 

  a point location of the origin of the coordinate frame. The coordinate frame pose is usually 

expressed by a matrix. This allows us to express the coordinate frame of connected parts and joints of the 

robot for other coordinate frames. Then by matrix multiplication and linear algebra, we can easily determine 

a coordinate frame to the world frame, or any other frame of interest. 

 

2.3 Rotation of 2D Points 

Rotation is a very important topic for both machine vision and robotics. Pixels in an image might be 

rotated to align objects with a model. After describing the rotation of a point, we can extend the concept of a 

rotation matrix to transformations consisting of rotation and translation. Then we consider transformations 

of coordinate frames that are used to describe the pose of robots and robotics moving parts. Rotation about 

other points is an extension of rotating about the origin. Point  is rotated by an angle  about 

the origin to point . 
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Fig.2: Rotate points of theta 

 

To facilitate the discussion, the point  is defined in terms of unit vectors 

 and . The new location,  is then defined by unit vectors    and    formed by rotating 

 and  by the angle . 

 
 

 
Fig.3: Point P of axis 

 

 
 

 
 

Expressed in matrix notation: 
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2.4 Rotation in 3D 

Rotations are defined by one or more successive rotations about one of the three orthogonal axis of a 

coordinate frame. Rotation about the  axis is the same as 2D rotation. The rotation matrices can be 

directly gleaned from examining 

the geometry of rotated unit 

vector coordinate frames. 

      
Fig.4: Rotation of 2D Axes 

 

 

 

To the Front Panel, add a Horizontal Pointer Slider to enter the speed of the wheels in revolutions 

per minute (RPM) and a stop button. Note that the units of input to set the motor velocities are in units of 

radians/second, so we need conversion. The block diagram below used an equation node for this (Numeric 

function). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Ultrasonic sensor 

 

 

2.5 Robotic Sensor 

The sensors of a robot attempt to detect the robot’s environment. Thus, they are the potential inputs 

into autonomous algorithms. In a few specialized areas of computer vision, sensors can detect aspects of the 

environment better than humans, but in general, the sensors give the robot far less information about the 

environment than what a person is able to detect. This is one of the reasons why autonomous algorithms can 

be so difficult to master. 
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Fig.6: Path planning in LabVIEW 

 

The basic idea is that ultrasonic acoustic pulses are transmitted (acoustic sound waves at a higher 

frequency than can be heard) and any reflected signals are received. To calculate an estimate for how far 

away an object is, the time difference between transmitting the pulse and receiving the reflection is 

measured. A common strategy in algorithms such as obstacle avoidance and wall fallowing is to treat a 

sequence of sonar measurements as vectors to obstacles. When we use the servo motor to rotate the 

transducer to a particular angle and take a measurement, we have an angle and a distance to either a found 

object or the maximum range of the transducer. Vectors to detected objects will be shorter than the vectors 

where no signal has reflected the transducer. We want to convert each vector to its ( ) coordinates 

relative to the robot and compute a composite sum of the vectors. Due to the symmetry of the measurements 

relative to the  axis, when no object is detected, the  values will cancel each other and the composite 

vector will point forward, but if some of the vectors are shorter due to detecting objects, then the composite 

vector will point away from the detected object. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7:  IP address assigning in LabVIEW 

 

In the math variables used later, the vector in the robot’s coordinate frame indicating the angle to 

steer towards is given by the variable named. We measured the composite vector in the robot’s coordinate 

frame, but in the global coordinate frame,  it is the difference between the robot’s desired orientation and 

its current orientation . For obstacle avoidance the algorithm, we simply steer the robot towards 

the composite vector and sometimes we add a constant vector going in reverse to help the robot back out of 

tight places. 
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2.6 Infrared Sensor 

Some robots use infrared (IR) instead of, or to supplement, ultrasound to detect objects. Like 

ultrasound, IR sensors use the principle of reflection to detect objects, except they use light (laser) instead of 

acoustic waves. Instead of being moved with a servo motor, IR sensors are usually mounted around the 

perimeter of the robot. The range of IR sensors is typically smaller than sonar and not all IR sensors have 

the same range. 

 

2.7 Accelerometers  

It measures the direction of forces, such as gravity and centrifugal force. In placed on a robotic arm, 

the output of the accelerometer is usually the sine of the angle between the arm and a line pointing directly 

down (vertically). Thus the accelerometer can be used to set the angle of the robot arm. A centrifugal force 

from rotation would also alter the reading from the accelerometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8: Accelerometer Graph 

 

2.8 Gyro-scope  

It was able to measure changes to the global orientation of the robot. 

2.9 Video Camera 

Cameras have a lot of applications for detecting objects. In some applications, lights are shined onto 

reflective tape so that a camera can easily detect an object and align itself to the object. The data from 

cameras is usually sent to an external computer because most robots do not have the processing speed to 

execute image processing algorithms in real-time. 

1. Adding your code to the Finite State Machine robot control loop of the Drive Station block diagram, 

implement an algorithm  

2. Test the robot’s ability to go to and stop at goals located at points: (1, 0), (1, 1), (0, 1), ( -1, 1), (-1, 0), 

(-1, -1), (0, -1), and (1, -1). 

3. Add the Hybrid avoid obstacle to the Drive. 

4. Test the robot’s ability to go around flat or convex obstacles and stop at a goal location. 

5. Earn extra points, as well as laurel’s of fame, prestige, and honor by demonstrating algorithm. 
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2.10 Hybrid FSM 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9: Hybrid FSM Model 

 

Finite State Machine Diagram for the Hybrid Avoid Obstacles and Go-to-Goal Algorithm the 

conditions for the labeled transitions are as follows. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10: Length axis value 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig.11:  Movement of the mobile robot 
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3. Implementation & Conclusion 

Dealing with the displacement and velocities of the two wheels of a differential drive robot is messy. 

A preferred model is that of a unicycle, where we can think of the robot as having one wheel that can move 

with the desired velocity ( ) at a specified heading ( ). Having the equations to translate between the 

unicycle model and our wheel velocities is what allows us to simplify the robot with the unicycle model. We 

have seen how to take measured wheel displacements to calculate the new robot pose. Now we do the 

reverse and calculate the desired wheel velocities from the unicycle model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12: Line tracking mobile robot SCADA animation 
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