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1. Introduction 

The objective of this lab is to control a two-wheel cart which is driven by two motors via NI 

myRIO by both open loop and closed loop control strategies.  

The closed loop strategy uses PI (proportional-integral). Given the desired velocity and orientation, 

the cart should be able to steer properly while keeping the velocity unchanged. To make such 

control design feasible, two encoders are utilized to measure the rotational speed and orientation 

of the motors respectively. In addition, pulse-width modulation (PWM) is used to regulate the 

driving voltage which is the input of each motor. 

The closed loop control process will work in the following way: 

The user gives the command (desired linear velocity and angular rate) to NI myRIO through 

Labview. The command will be further transformed into desired speed for both left and right wheel 

by kinematics, in RPM (revolutions per minute). The encoders measure the motor speed in counts, 

which is also converted into RPM. The resulting linear velocity and angular rate are compared 

with the user-defined ones, where the differences are calculated. These differences are defined as 

error, which are the inputs of the controller. The controller is a discrete PI controller. The output 

of the controller is the desired voltage that is going to drive the motors. Thus, a closed loop control 

system is constructed. 

2. Two-Wheel Cart Dynamic Model 

2.1. Vehicle Motion Principle 

The cart robot is modeled as a rigid body that satisfies some constraints, which means the motion 

of the system is not completely free. They are in which the instantaneous velocities of system 

components are restricted, thereby limiting the local motion of the system. This means that the 

mobile robot cannot move sideways based on the principle of a rolling wheel. Figure 1 shows an 

idealized rolling wheel in which wR is the radius and ω is the angular velocity of the wheel. The 

wheel is free to rotate about its axis ( wy axis). The vehicle exhibits preferential rolling motion in 

one direction ( wx axis) and a certain amount of lateral slip. However, for lower velocities, rolling 

motion is dominant and slipping can be neglected. 



 

Figure 1. An Idealized rolling wheel model 

In this case, it is assumed that no slip occurs in the orthogonal direction of rolling (non-slipping), 

and no translation slip occurs between the wheel and the floor (pure rolling). 

2.2. Cart Configuration 

Deriving a model for the entire vehicle’s motion is a bottom-up process. Each individual wheel 

contributes to the vehicle’s motion and, at the same time, imposes constraints on vehicle motion. 

Wheels are tied together based on vehicle chassis geometry, and therefore their constraints 

combine to form constraints on the overall motion of the vehicle chassis. Besides, the forces and 

constraints on each wheel must be expressed with respect to a clear and consistent reference frame. 

The modeled vehicle is a two-wheeled mobile vehicle (differential drive) whose position is defined 

by three coordinates,  ,, yx  in a plane. Figure 2 shows a two-wheel vehicle, where c is the motion 

center of the autonomous vehicle and the gravity center of the platform. 

 

Figure 2. Differential Two wheel vehicle 

http://file.scirp.org/Html/3-7900218_27701.htm#Figure 2
http://file.scirp.org/Html/3-7900218_27701.htm#Figure 2


2.3. Model Kinematics 

Kinematics is the study of the mathematics of motion without considering the forces that affect 

motion. It deals with the geometric relationships that govern the system and develops a relationship 

between control parameters and the behavior of a system in space. According to the vehicle model 

shown in Figure 2, the linear speeds of the right and left wheels, Rv  and Lv  are related to the 

angular speeds as follows: 

RwR Rv    (1) 

LwL Rv    (2) 

where, R  and L  are the angular velocities of the right and left wheels, respectively. The total 

linear and angular speed of the vehicle can be calculated as shown in Eqns. (3) and (4).  
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Where ψ is the heading direction angle (yaw angle) that is shown in Figure 2, cv  and c  are the 

forward velocity and the rotational velocity (angular velocity) of the vehicle, respectively, and B 

is the distance between the two wheels. 

To specify the position of the vehicle on the plane, a relationship between the global reference 

frame of the plane and the local reference frame of the vehicle are established. The vehicle in a 

state of motion must always rotate about a point that lies somewhere on the common axis of its 

two wheels. This point is often called the Instantaneous Centre of Curvature (ICC). 

The vehicle’s coordinates  YX ,  are a function of time, and can be calculated as: 
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From Equations (4) - (6), the kinematic model of the mobile vehicle with two independently 

driving wheels can be represented in Cartesian model as shown in Equation (7). 
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Rearranging the above equations, the position and the orientation of the autonomous vehicle can 

be determined by a set of differential equations as below: 
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3. NI MyRio 

NI MyRIO is an embedded hardware device that helps in designing real, complex engineering 

systems more quickly and affordably. Figure 3 shows a photo for MyRIO platform that will be 

used in this lab to interface a two-wheel cart to LabVIEW. By writing a VI, we can control the cart 

through different control techniques (For example, Open Loop or Closed Loop), and the response 

of the system such as the DC-motor speeds can be monitored in LabVIEW. 

 

Figure 3. NI MyRIO Hardware Platform 

For more information about the device capabilities and pin out diagrams, the reader is encouraged 

to visit this NI document. 

http://www.ni.com/pdf/manuals/376047a.pdf


4. The two-wheel cart components: 

 

Figure 4. The two wheel cart  

The robot cart shown in Figure 4 consists of NI My Rio and the following components: 

1. Motor Gearmotor: 

Pololu 50:1 Metal Gearmotor 37Dx54L mm with 64 CPR Encoder. This 2.62" × 1.45" × 1.45" 

gearmotor is a powerful 12V brushed DC motor with a 50:1 metal gearbox and an integrated 

quadrature encoder that provides a resolution of 64 counts per revolution of the motor shaft, which 

corresponds to (64x50=) 3200 counts per revolution of the gearbox’s output shaft. These units 

have a 0.61"-long, 6 mm-diameter D-shaped output shaft. This gearmotor is also available without 

an encoder. 

 

Figure 5. Pololu Metal Gearmotor 



These motors are intended for use at 12 V, though in general, these kinds of motors can run at 

voltages above and below the nominal voltage (they can begin rotating at voltages as low as 1 V). 

Lower voltages might not be practical, and higher voltages could start negatively affecting the life 

of the motor. The motor has six wires which are: 

Color Function 

Red Motor Positive terminal 

Black Motor Negative terminal 

Green Encoder GND 

Blue Encoder Vcc (3.5 – 20 V) 

Yellow Encoder A output 

White Encoder B output 

2. Motor Driver: 

Sabertooth Dual 25A 6V-24V Regenerative Motor Driver. It is capable of driving two motors 

simultaneously. 

 

Figure 6. Sabertooth Motor Driver 

 

In addition to these components, there is the chassis components, power source (separate batteries 

for the MyRIO and the pair of motors.), and wiring. 


