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Arm and Gripper Programming Guide: LabVIEW for LEGO Mindstorms

LEGO Mindstorms has long been a favorite platform for budding engineers, hobbyists, and educators alike. Its
intuitive visual programming environment, coupled with a robust set of sensors and motors, makes it an excellent
playground for exploring robotics concepts. Yet, as students and professionals push the boundaries of what a
LEGO robot can do, many find themselves craving more advanced control capabilities—especially when it comes
to building articulated arms and precision grippers.

Enter LabVIEW, a powerful graphical programming language from National Instruments that excels at real time
control, data acquisition, and sensor integration. By marrying LabVIEW'’s sophisticated control algorithms with the
accessibility of LEGO Mindstorms, you can create highly responsive, feature rich robotic arms and grippers that
perform tasks ranging from pick and place to delicate manipulation.

This comprehensive guide will walk you through every step—from setting up your hardware and software
environment to writing and debugging your first LabVIEW program. Whether you're a seasoned programmer or a
newcomer to robotics, this resource will empower you to build, test, and refine arm and gripper mechanisms using
LabVIEW and LEGO Mindstorms.
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Hardware Requirements

LEGO Mindstorms EV3 or Robot Inventor Kit

The EV3 and the newer Robot Inventor (EV3S) kits both provide the necessary motor ports, sensors, and
communication capabilities. For arm and gripper projects, you'll typically use:

e 3—4 large gear motors (for shoulder, elbow, wrist, and gripper)

¢ 1-2 medium gear motors (optional for additional degrees of freedom)

e Touch, color, or ultrasonic sensors for feedback (depending on your application)
* Power supply (battery pack or USB power)



Additional Mechanical Components

While the core of the arm comes from LEGO Technic beams and connectors, you may want to add:
e Custom 3D printed or laser cut parts for improved precision
e High torque motors or gearboxes for heavy loads
e Spring loaded or pneumatic grippers for delicate handling

Connectivity Accessories

LabVIEW communicates with the Mindstorms brick via Bluetooth, USB, or Wi Fi (depending on the kit). Ensure you
have:

¢ USB cable for wired connection
¢ Bluetooth dongle or built in module
e Wi Fi adapter (for Robot Inventor) if you prefer wireless control

Software Setup

LabVIEW Installation

Download the latest version of LabVIEW from the National Instruments website. For Mindstorms integration, you'll
also need the NI-VISA and NI-MAX drivers to handle serial communication.

LEGO Mindstorms Firmware

Ensure your Mindstorms brick runs the latest firmware. For EV3, the firmware can be updated via the LEGO
MINDSTORMS EV3 software or the official LEGO app. For Robot Inventor, use the EV3S Firmwareavailable on
the LEGO website.

LabVIEW Toolkit for LEGO Mindstorms
National Instruments provides a LabVIEW for LEGO Mindstormstoolkit that includes pre built VIs for motor

control, sensor reading, and communication. Install this toolkit to simplify development:

1. Open the LabVIEW installer and choose the optional components.
2. Select “LEGO Mindstorms” from the list of add ons.
3. Follow the prompts to complete installation.
Setting Up the Communication Path
Choose your preferred communication method:
e USB: Connect the Mindstorms brick to your PC via USB. LabVIEW will detect it as a serial port.
e Bluetooth: Pair your brick with the PC. In LabVIEW, use the Bluetooth serial port.

e Wi Fi: For Robot Inventor, you can connect over the local network. Use the IP address of the brick in
LabVIEW's TCP/IP Vls.

Test the connection by sending a simple command to turn a motor on and off. If the motor responds, your setup is
ready for the next steps.

System Architecture Overview

At a high level, the arm and gripper system comprises three main layers:

1. Hardware Layer: Motors, sensors, and mechanical linkages.
2. Communication Layer: Serial, Bluetooth, or TCP/IP interfaces that transmit commands and receive telemetry.



3. Control Layer (LabVIEW): VIs that process sensor data, compute motor commands, and send them to the
hardware.

Below is a simplified block diagram illustrating the flow:

In LabVIEW, you'll build a Front Panel for user interaction and a Block Diagramfor the underlying logic. The front
panel may include sliders for joint angles, buttons to trigger pre defined motions, and indicators displaying sensor
readings.

Arm Kinematics Basics

Denavit—Hartenberg (DH) Parameters

To calculate joint angles and end effector positions, you'll use the DH convention. For a planar 3 DOF arm (shoulder,
elbow, wrist), define the parameters as follows:

e ai: Link length.
« di: Link offset.
;T Joint angle.
e ;“ Link twist.

In LabVIEW, you can implement DH calculations using Matrix Functionsand custom VIs that perform matrix
multiplication.

Forward Kinematics

Given joint angles, forward kinematics computes the position (X, y, z) and orientation of the end effector. The basic
formula for a planar arm is:

X =a-eCos;, 2 &O6+2f, «+;,"2 66+2f, *+;,", f)

y=a-esin;,, 2 '6-4f, +;, "2 76-4f, +;,", f)

Implement this logic in LabVIEW by chaining MathScript nodes or using the Numeric functions.

Inverse Kinematics

Inverse kinematics solves for joint angles given a desired end effector pose. For a 3 DOF planar arm, you can derive
closed form solutions or use numerical methods likeNewton—Raphson or Levenberg—Marquardt. LabVIEW's
Numerical Solver VI can be configured for such tasks.

Joint Limits and Collision Avoidance

Define safe ranges for each motor to prevent over extension. Use LabVIEW'SCase Structuresto clamp joint
angles. For collision avoidance, you can model the arm’s workspace and check for intersections with obstacles,
updating joint trajectories accordingly.

Control Strategies in LabVIEW

Position Control with PID
Each motor can be driven to a target position using a PID loop. LabVIEW’s PID Controller VI is ideal for this. Steps:
1. Read the current motor position from the EV3 sensor port.

2. Compute the error between desired and current positions.
3. Feed the error into the PID controller to generate a control signal.



4. Send the control signal to the motor via the EV3 motor port.

Tune the PID constants (Kp, Ki, Kd) to achieve smooth motion. Use the PID Tuner VI for automated tuning.

Velocity Control

For tasks requiring consistent speed (e.g., conveyor handling), use velocity control. In LabVIEW, set the motor
mode to velocityand provide a target speed in rotations per minute (RPM). The EV3 firmware handles the low level
PID internally.

Trajectory Planning

To move the arm along a curved path, generate a series of waypoints and interpolate between them. LabVIEW’s
Interpolation functions can create smooth transitions. Example workflow:

» Define start and end positions.
e Use a Linear Interpolation VI to generate intermediate points.
e For each point, compute inverse kinematics to obtain joint angles.
* Send the angles to the motors sequentially.
Feedback Loops

Incorporate sensor data (e.g., touch or color sensors) to refine control. For instance, use a touch sensor to detect
contact and stop the gripper. In LabVIEW, read sensor values in a loop and use Case Structures to trigger actions.

Designing and Programming the Gripper

Mechanical Design Considerations
A gripper can be simple (two fingers) or complex (multi finger, compliant). Key factors:
e Grip Force: Calculate the required torque based on object weight.

¢ Finger Geometry: Use a 90° or 45° angle for optimal contact.
* Material: Soft silicone pads for delicate items.

Actuation Options

e Motor Driven: A single motor rotates a gear train to open/close fingers.
¢ Pneumatic: Air cylinders provide rapid, high force actuation.
e Servo Based: Use a continuous rotation servo for fine control.

LabVIEW Control of the Gripper

For a motor driven gripper:

1. Map the desired open/close percentage to a motor position.
2. Use a Position Control loop with a PID controller.
3. Add a safety limit switch (touch sensor) to prevent over extension.

For a pneumatic gripper, use a Valve ControlVI to set the state (open/close) and monitor pressure sensors for
safety.

Gripper Calibration

Calibrate by closing the gripper until the touch sensor triggers, then record the motor position. Store this as the
“closed” reference. Similarly, record the open position. Use these values to normalize future commands.

Integrating Sensors and Feedback



Proximity Sensors
Use ultrasonic or infrared sensors to detect objects before
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