LabVIEW Training

· Intersperse lecture/follow-along with assignment/free-study/practice time. Inspect their progress and work one-on-one to be sure concepts were understood.

· Keep initial examples and walkthroughs as simple as possible. 

· Walk-through how to do something, then give the students a similar task to do themselves while going from one to the next watching, correcting, explaining further.

· I’d stay away from Watchdog since that’s changing, it’s used incorrectly, and it adds confusing complexity to a beginner.

· Allow some give in your plan for each session. Some things will take longer than you expect, so be prepared to drop/shorten some items as you go in order to be sure you cover the necessary basic concepts.

· After the first session covers the basics, further sessions can become very flexible depending on robots available, self-study work, etc.

Beginner 1 (~3-4 hours depending on # of students and how much time you give for do-it-themselves projects)

· Goal is to leave them with their first complete robot project.
· Prep: students with installed LV on their laptops and/or computer lab, cRIOs for simple tests (pull robot breakers if the cRIO is mounted).

· Handouts: printed or online examples for their review later at home

· Start with short lecture, progress to illustration on instructors computer projected on a big screen, students follow along on their laptops, finally students working on their own.
1. Introduction

a. LV background

b. How it relates to other programming languages

c. How we use it in FRC (robot, dashboard, Driver Station, analysis/debug)

d. Where to find/get workshop material

2. LV structure (simple examples of each - don’t daunt them with the complexity of the examples)

a. Virtual instrument (vi)

b. Front Panel

c. Block Diagram

d. Palettes

i. Different for Front Panel vs. Block Diagram

ii. Programming->Structures/Numeric/Boolean/Comparison/Timing

iii. WPI Robotics Library

iv. Make the palette stay around via stick pin

e. Dataflow concepts (wires, tunnels, parallelism/serialized)

3. Basic LV wiring

a. Tools Palette - Mouse icon changes

i. cross – select box & add text comment

ii. arrow – position/size/select/pop-up menu

iii. hand – value change

iv. wire spool – connect wire, pop-up menu

v. up/down arrow – expand box

b. Context Help

c. Detailed Help

d. Keyboard shortcuts and where they are listed

4. Basic Programming concepts

Walkthrough building up a blank vi to do something simple under My Computer, such as play tones when front panel buttons are pushed. Something they can all do at home without a cRIO.

a. Introduce basic programming concepts

i. Structures (While loop, Case, Flat Sequence, Diagram Disable)

ii. The importance of time restricting your loops to provide idle CPU time to other tasks. Revisit concept of parallelism.

iii. Logic: Boolean/Comparison/Numeric operators

iv. Create Constant/Control/Indicator

b. Use & manipulation of Front Panel

c. Block Diagram programming

5. Basic robot electrical background 

Introduce things that your program controls & how they are identified in LV, preview how you’ll be dealing with them as an Open input constant.

a. PWM -servos vs. speed controllers

b. DIO

c. Relay

d. Analog

e. Solenoid

6. FRC Framework (remove excess example code beforehand-leave as simple arcade drive)

a. Creating a new Framework project (know your team IP address)

b. Project Explorer window

i. My Computer vs. RT CompactRIO Target

ii. Build Specifications

c. Robot Main.vi

d. Team Code

i. Begin.vi

ii. Finish.vi

iii. Teleop.vi

iv. Autonomous Independent.vi

v. Periodic Tasks.vi

7. Modify Framework

a. How/what to remove of the excess example code (turn towards target, sample joystick sub-vi)

My personal preference is to eliminate the Watchdog for beginners.

b. Convert from Arcade drive to tank drive (working with palettes, wiring, Open/Use/Close structure)

i. Overall – Open it/give it a name, use it by name in Teleop/Autonomous, Close it

ii. Recognizing Errors

1. Broken/whole arrow 

2. Double-click to locate and highlight errors

iii. Open a new joystick (Begin.vi)

1. Working w/Palettes (stick pin to keep sub-palette around, where things are)

2. Adding from palette, copying from existing

3. Open & Refnum Set

4. Create Constant

5. Error output – expanding 

iv. Close in (Finish.vi)

v. Use it (Teleop.vi)

1. Get – axes & buttons

2. Cluster, Class, & Variant -> Unbundle By Name

3. Replace vi (Arcade to Tank)

vi. On their own figure out how to add an arm motor and control it with a third joystick

c. Introduce autonomous programming

i. Flat sequence structure or whatever you prefer

ii. Simple drive forward then stop

iii. Replacement of joystick inputs with constants

iv. Concept that motor set happens instantly then the vi is done (without timing delays it blows right through)

v. Add Time delays

vi. Give them an autonomous task to work through on their own while you walk around and inspect their work. If cRIOs are available they can use the solenoid module or Relay LEDs to do simple light sequences.

Homework

1. Practice on their own & review examples

2. Open/Use/Close one of each basic type of device – PWM, DIO, Relay, solenoid, analog (Use by giving it a value if it’s an output device or displaying it’s value if it’s an input device)

3. Visually inspect when the students return and discuss each with whole class

Session 2 (duration depending on what you decide to cover and in what detail)
· Goal is to cover, not necessarily in detail, remaining major LV areas. Much of this can be assigned as homework too.
· Prep: students with installed LV on their laptops and/or computer lab, cRIOs for simple tests (pull robot breakers if the cRIO is mounted).

· Illustration of concepts on instructor’s computer projected on a big screen, students follow along on their laptops, students working on their own.
1. Review homework from previous session or revisit concepts students had difficulty with or have further questions about. Test homework on cRIOs with most breakers pulled if they’re on a robot.

2. Saving/backing up your projects

3. Lots of other basic operations to cover

a. Compressor use

b. Sensors – encoder, gyro, etc.

c. Driver Station Cypress I/O

4. More Programming Concepts

a. Limit switch logic, etc.

b. Button operation, latching, toggle, momentary

c. Feedback nodes/shift registers

5. Using Your Code

d. Basic robot operation if necessary, e.g., Driver Station enable

e. Build/run as startup - permanent

f. Run – temporary interactive debugging run ONLY from Robot Main.vi

6. Example debugging 

a. Methods and techniques 

b. Run (from Robot Main.vi)

c. Tools - probe for values, highlight execution, changing/displaying values via Front Panel, etc.

d. Working with front panel feedback & control in more detail (in preparation for the introduction of feedback concepts later)

i. Controls 

ii. Indicators - charts, etc.

7. Create a vi

a. By isolating existing code

b. From scratch

c. Connector – adding/removing input/output nodes

d. Icon beautification

8. Reprogram existing robots from scratch

a. Robot unique electrical connection chart - what PWM/Relay/DIO/Solenoid/Analog is connected to what speed controller (Victor vs Jaguar), Spike, solenoid valve, sensor

b. Robot unique driver controls chart – what joystick/axes/button & extra inputs controls what mechanism and how

c. Concepts

i. Safety & preparation - protect the human & robot

1. Clear operating room/space

2. Pull breakers of untested mechanisms

3. Elevate robot for untested drive train

4. Test multiple motor mechanisms a single motor at a time

5. Stand ready by kill/disable switch

6. Other safety considerations particular to the robot

ii. Component testing - gentle (low speed) verification of one robot component at a time

1. Low power tests

2. Correct direction

3. Correct control (including limits if any)

4. Control sensitivity adjustments

5. Watch all status lights and debug diagnostics

iii. Test steps of a coordinated mechanism, like a kicker

iv. Higher speed/full power tests

v. Even minor code changes should be treated at first as an untested mechanism

Session 3

1. Dashboards

a. Dashboard Framework

b. How data is packaged on the robot

c. How data is unpacked at the Dashboard

d. Adding your own data to the packet

e. Removing Data from the packet

f. Making the Front Panel colorful, pretty & efficient

2. State Machines

3. Sensor Feedback

4. PID control based on sensor feedback

5. Camera

6. CAN

7. Read/Write data to disk

