

    
      
          
            
  
Stanford Robotics Independent Study


Course overview
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Pupper Robot



A hands-on introduction to building AI-enabled robots.

2023 Teaching team:


	Head teacher: Gabrael Levine (CS 2023, Stanford Student Robotics)


	Head teacher: Jaden Clark (CS 2024, Stanford Student Robotics)


	Lead TA: Mark Leone (ME 2024, Stanford Student Robotics)


	Stuart Bowers (Hands-On Robotics)


	Jie Tan (Google DeepMind)




Guest Lecturers:


	Tingnan Zhang (Google DeepMind)


	Adrien Gaidon (Toyota Research Institute)




Overview:

Welcome to the course page for Stanford Student Robotics’ course in legged robots. The course has been taught at Stanford, UW, WashU, Foothills College, Brandeis, and George Mason, with plans to expand worldwide!

In the first six weeks, students will learn key robotics concepts like including motor control, forward and inverse kinematics, and system identification; as well as important embodied-AI concepts including reinforcement learning and simulation. Through weekly labs, students will build a pair of teleoperated robot arms with haptic feedback, program a robot arm to learn to move by itself, and most importantly, build and program an agile robot quadruped called Pupper (pictured above). In the last four weeks of the course, students will pursue an open-ended project using Pupper as a platform, such as teaching Pupper to walk using reinforcement learning, building a vision system so Pupper can play fetch, or redesigning the hardware to make the robot more agile.

Researchers from Google DeepMind and Toyota Research Institute will give guest lectures during the quarter on their work teaching robots new skills using reinforcement learning.

“Empowering robots with AI is essential to make them smart and useful in people’s daily life. It is one of the most important research directions in both academia and industry. This class teaches the most relevant skills, gives students hand-on experiences, and prepares them for a career in the area of AI and robotics.” - Jie Tan, Staff Research Scientist at Google DeepMind

Expected time commitment: 6 - 8 hours per week.

Estimated class size: 8 - 15 students

Prerequisites: CS106B or similar coding experience strongly recommended. Coding will be majority Python but some C++ (Arduino). Familiarity with the command line. Math 51 or CME 100 or equivalent understanding of gradients. No robotics experience necessary!!

Grading: Pass/Fail for 2 or more units. Grading based on participation.

Spring Quarter Faculty sponsor: Professor Karen Liu
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Syllabus
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Pupper Robot



A hands-on introduction to building AI-enabled robots.

Teaching team:


	Nathan Kau (MSME 2022, Stanford Student Robotics)


	Gabrael Levine (CS 2023, Stanford Student Robotics)


	Abdulwahab Omria (CS 2023, Stanford Student Robotics)


	Raghav Samavedam (CS 2024, Stanford Student Robotics)


	Stuart Bowers (Hands-On Robotics)


	Jie Tan (Google Brain)




Overview:

In the first six weeks, students will learn key robotics concepts like including motor control, forward and inverse kinematics, and system identification; as well as important embodied-AI concepts including reinforcement learning and simulation. Through weekly labs, students will build a pair of teleoperated robot arms with haptic feedback, program a robot arm to learn to move by itself, and most importantly, build and program an agile robot quadruped called Pupper (pictured above). In the last four weeks of the course, students will pursue an open-ended project using Pupper as a platform, such as teaching Pupper to walk using reinforcement learning, building a vision system so Pupper can play fetch, or redesigning the hardware to make the robot more agile.

Researchers from Google Brain will give a guest lecture during the quarter on their work teaching robots new skills using reinforcement learning.

“Empowering robots with AI is essential to make them smart and useful in people’s daily life. It is one of the most important research directions in both academia and industry. This class teaches the most relevant skills, gives students hand-on experiences, and prepares them for a career in the area of AI and robotics.” - Jie Tan, Staff Research Scientist at Google Brain

Expected time commitment: 6 - 8 hours per week.

Estimated class size: 8 - 12 students

Prerequisites: CS106B or similar coding experience strongly recommended. Coding will be majority Python but some C++ (Arduino). Familiarity with the command line. Math 51 or CME 100 or equivalent understanding of gradients. No robotics experience necessary!!

Grading: Pass/Fail for 2 or more units. Grading based on participation.

Spring Quarter Faculty sponsor: Professor Karen Liu




            

          

      

      

    

  

    
      
          
            
  
Schedule

Week 1


	Lecture on BLDC robot actuators and low-level control of robot joints.


	../course-material/lab-1 Introduction to Teensy microcontroller. Mechatronics assembly. Experimenting with PID to move BLDC actuators to desired angles. Moving three actuators simultaneously.


	Lab 2 - Bad Robot Surgeon Build 3-DOF leader-follower robot arms akin to a surgical robotic system.




Week 2


	Lecture on forward kinematics of open-chain robots and applications.


	Lab 3 - Safety Dance (Fall 2021) Program the robot to tell you the cartesian coordinates of the leg for any given position. Staying within a cartesian-space safety box with haptic feedback.




Week 3


	Lecture on inverse kinematics of open-chain robots and applications


	Lab 4 - Drawbot Program legs to move to desired locations using inverse kinematics. Finally, drawing images with a robot arm! Task-space impedance control if time allows.




Week 4


	Lecture on quadruped gaits: e.g. theory behind gallop, walk, trot, etc and associated stability.


	Lab 5 - Virtual Twin Program the robot to trot using open-loop task-space trajectories. Simulating the robot in PyBullet to design and test code before deploying in the real world.




Week 5


	Lab 6 - Pupper Assembly Students build full Pupper robot.




Week 6


	Survey of topics to explore in the final project including reinforcement learning, computer vision, hardware redesign, human interaction.


	Google Brain guest lecture.


	Students brainstorm project ideas, do background research, and determine final project.




Week 7


	Mini-lectures on any additional material students might find useful for their project.


	Open lab time to work on final projects




Week 8


	Students present project prototype




Week 9


	Open lab time




Week 10


	Students finish final project and showcase to faculty and Google Brain.




Week 11 (finals week)


	Students upload code, documentation, and media so that future students / hobbyists can recreate their work.


	Play with robots!







            

          

      

      

    

  

    
      
          
            
  
Sourcing Course Materials


Bill of Materials

Google Spreadsheet [https://docs.google.com/spreadsheets/d/1bBOLKW8H1USuYceicysmQDFFNKppdMyQEPMLrj4tG4s/edit#gid=1173276264]

If you’d like to just do Labs 1 through 5 with the robot arms, go to the tab called Arm Labs BOM to see what you need to purchase. Otherwise if you’d like to build the full Pupper robot, use the Pupper v2.1 BOM tab.



Overview

The parts for Pupper v2.1 are sourced from four main vendors: Amazon, DJI, JLCPCB, and McMaster.

Ordering the parts from Amazon, DJI, and McMaster is very straightforward. However, the robot uses two custom PCBs which are slightly more complicated to order. The basic procedure is to upload our PCB files to JLCPCB, which will make the boards and assemble the components onto the boards for you. Detailed instructions are linked in the BOM.

The robot also uses many 3D printed parts, which we usually print ourselves on hobby FDM printers. Instructions are linked in the BOM.



Notes

Sometimes the BMI160 IMU is out of stock. In that case, leave it off the bottom PCB and you can drop in a ICM20649 [https://www.adafruit.com/product/4464].





            

          

      

      

    

  

    
      
          
            
  
Lab 1 - Hello PID


Contents


	Lab 1 - Hello PID


	Mini-lecture - Actuators and PD Control


	Lab Instructions


	(Old) Mini-lecture - Joint Control










Mini-lecture - Actuators and PD Control

Actuators and PD control lecture by Stuart Bowers, April 10, 2023.
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Lab 2 - Bad Robot Surgeon


Contents


	Lab 2 - Bad Robot Surgeon


	Lab Instructions










Lab Instructions

Goal: Build two robot arms that mirror each other’s motion.


[image: ../_images/teleop.jpeg]

Assembled teleop robot arms




Step 1. Connect 2 more motors


	Connect power and encoder cables from motors to controllers.


	Connect power and CAN cables from controllers to Pupper PCB. Make sure the CAN cables go into the same row (row near the Teensy).


	Set the new motor controllers to have different IDs. Use 1, 2, and 3. Important: To set a motor controller to a certain ID, click (short press) press to put the motor controller into id-setting mode, then click N more times in quick succession, where N is the desired ID. Eg, for a desired ID of 3, press 3 more times after the first click. Unplug the CAN (small) cables from the PCB while setting ID’s to make it easier, otherwise they may conflict while you are changing them






Step 1.5. Control the 3 motors together


	Modify your PD control code from lab 1 to control all 3 motors (controlled independently).




[TODO: insert pic of compeleted setup]



Step 2. Insert square nuts into plastic parts

You may need to use force to get them in.
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Lab 3 - Forward Kinematics


Contents


	Lab 3 - Forward Kinematics


	Lecture


	Lab Instructions










Lecture

Forward kinematics lecture
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Lab 4 - Inverse Kinematics


Contents


	Lab 4 - Inverse Kinematics


	Inverse Kinematics Lecture


	Lab Instructions


	(Old) IK Lecture










Inverse Kinematics Lecture

Inverse Kinematics lecture by Jaden Clark, April 24, 2023.
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Lab 5 - Reinforcement Learning


Contents


	Lab 5 - Reinforcement Learning


	Lecture 5.1: Intro to RL and Its Applications in Robotics


	Lecture 5.2: Reinforcement Learning on Legged Robots


	Lecture 5.3: Embodied Intelligence


	Lab instructions


	(Old) RL Lecture










Lecture 5.1: Intro to RL and Its Applications in Robotics

Intro to RL and Its Applications in Robotics Lecture by Tingnan Zhang, May 3, 2023.
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Lab 6 - Pupper Assembly


Contents


	Lab 6 - Pupper Assembly


	Lab instructions


	Resources










Lab instructions


Step 1. Leg Assembly


	Make 1 more left leg and 1 more right leg using instructions in lab 2, however, do not attach the “base” motor






Step 2. Bulkhead assembly


    
  
    
    

    Lab 7 - Pupper Control and Simulation
    

    
 
  

    
      
          
            
  
Lab 7 - Pupper Control and Simulation


Contents


	Lab 7 - Pupper Control and Simulation


	Mini-lecture - TBD


	Lab instructions










Mini-lecture - TBD
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Final Project


Contents


	Final Project


	Overview


	Previous projects










Overview

In teams of 3 to 6, you will scope and complete a project of your choice using the pupper robot!


Project requirements


	Do something your whole team will enjoy! – keep in mind that team members will be coming from different backgrounds and you won’t want to leave anyone out!


	Focus your project on the real robot as much as possible – you will have a live demonstration at the end of the course


	Make your project reproducible – make sure your work will be reproducible for future teams






Tips


	Get some code running on the robot within the first two weeks of your project. You will find the real robot is more interesting and much more complicated than the simulated robot.


	Please expect everything to take 3 times the as long as you think. For example, your team will likely not be able to implement MPC or RMA from scratch in the time allotted.






Deliverables


	Project proposal


	1 - 3 slides illustrating your intended work


	We will help you scope appropriately






	Midway update / request for help


	Progress update for the teaching team so we can help you as best as possible






	Final presentation


	5 - 10 minute oral presentation about your project


	Project motivation


	Approach


	Results


	Lessons learned / reflections (!)


	Class feedback (!)






	Live robot demonstration


	5 mins Q & A






	Report + Github repository


	In your github README include a 500 - 1500 word version of your presentation that covers the same points


	Also include instructions that are detailed enough for other groups to reproduce your results











Previous projects


SATE: Simulator Adaptation through Task-Agnostic Exploration

Project report: https://drive.google.com/file/d/1OYgZvrpDRrE17dB6kOqpYvIy6UJp60Ic/view?usp=sharing
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FAQ


	Pupper’s Raspberry Pi is not turning on / has some power issue




Some of the older bottom PCBs have broken 5V regulators. Other boards have working 5V regulators that stop working when the Raspberry Pi also gets power over USB. In either case, we recommend unplugging the 5V power to the RPi (the black and red 2-wire cable) and instead powering the Pi via USB C from a computer or portable battery.
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Raspberry Pi Reference


SSH and Internet at Stanford

Note: SSH only works when both the RPi and computer are on the “Stanford network” and in the same building.


	Connect your RPi to your computer over USB C (both sides) or ethernet cable.


	SSH into the RPi over the local network ssh pi@raspberrypi.local 1


	Find the MAC address ifconfig. The MAC address is the hexidemical number in the ether line of the wlan0 section. It looks like 6e:19:c0:ce:a5:22 or similar. [TODO: Insert screenshot].


	Go to iprequest.stanford.edu [http://iprequest.stanford.edu/] on your computer


	On the first page, choose Device Type: Other, Operating System: Linux, Hardware address: the MAC address you found


	On the second page, choose Other PC, delete what’s under Hardware Addresses Wireless and replace with Pi’s MAC address.


	Wait for email that says the device has been accepted.


	Reboot the Pi sudo reboot 0


	SSH over cable


	Connect to the “Stanford” network on the Pi by doing sudo raspi-config and following options for wifi.


	Test the connection by doing ping google.com and checking that bytes are received.


	SSH into the Pi from your computer via ssh pi@[rpi's IP address] such as ssh pi@192.168.9.69.




Notes:

1 If you cannot SSH over cable, plug a monitor, keyboard, and mouse into the RPi. Then use sudo raspi-config to enable SSH. Then use ifconfig to find the ethernet IP address.
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CAD Models



Assemblies


Pupper [https://a360.co/3H6sbqZ]



Arm Pair (Static Base) [https://a360.co/3NIHzyM]




Leg Components


Left/Right Lower Leg [https://a360.co/3oV5HAw]



Upper Leg [https://a360.co/3Nl2WVB]



Left/Right Hip [https://a360.co/3ppfK5j]




Body Components


Motor Bulkhead [https://a360.co/3PoiDOo]



Electronics Bulkhead [https://a360.co/3CFilLt]



Bottom PCB Cover A [https://a360.co/3PoiVos]



Bottom PCB Cover B [https://a360.co/3XjVD5a]



Charging Connector Holder [https://a360.co/3Xmw4QM]



Leg Pair Assembly [https://a360.co/43TiLtR]



Front Cover (Pi Camera) [https://a360.co/3XhytMT]



Front Cover (OAK-D Lite) [https://a360.co/44eetx0]



Left/Right Side Cover [https://a360.co/3Pkzh1v]
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Libraries

BasicLinearAlgebra: https://github.com/tomstewart89/BasicLinearAlgebra

DJIC610Controller: https://github.com/stanfordroboticsclub/DJIC610Controller
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Actuator troubleshooting


DJI C610 motor controller

–> Manual <– [https://drive.google.com/file/d/1L8oGLUJuZ96MB90XeFtk1E01sL-Uh4BW/view]


Motor does not move


	If the motor controller is blinking abnormally or beeping, read page 6 of the manual linked above


	Power cycle the ENTIRE system (including Teensy and motors)


	Turn the motor by hand to see if you can feel if any of the teeth inside the actuator broke


	Check that the cables from the motor to motor controller are not loose or broken






How to calibrate the motor


	Arrange the motor so that there is no load on the motor. This means nothing can be preventing the motor from moving, and gravity should not be applying torque to any link attached to the motor.


	Hold the button on the motor controller down until the motor starts moving


	Let the motor do its calibration routine


	Controller should restart and do it’s normal green blinking







DJI M2006 motor

–> Manual <– [https://drive.google.com/file/d/1L8oGLUJuZ96MB90XeFtk1E01sL-Uh4BW/view]
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Lab 3 - Safety Dance (Fall 2021)


Contents


	Lab 3 - Safety Dance (Fall 2021)


	Mini-lecture - Forward Kinematics


	Lab Instructions










Mini-lecture - Forward Kinematics

3D illustration of motor angles, directions of positive rotation, and relevant geometry.


[image: ../_images/kinematics.002.png]

Problem statement.




[image: ../_images/kinematics.003.png]

Coordinate frame, link lengths, and leg origin illustration.




[image: ../_images/kinematics.004.png]

Derivation of x coordinate of foot and L.




[image: ../_images/kinematics.005.png]

Derivation of y and z coordinate of foot.





Lab Instructions


Step 0. Get the starter code


	Get the starter code https://github.com/stanfordroboticsclub/independent-study-lab2


	Make sure to follow the installation instructions for the repo.






Step 1. Prepare hardware


	Set the controller for the base actuactor of the robot arm to 1 (1 blink).


	Set the controller for the shoulder actuactor of the robot arm to 2 (2 blinks).


	Set the controller for the elbow actuactor of the robot arm to 3 (3 blinks).


	Make sure all the motor controllers are plugged into the CAN 2 bus (the set of connectors near the Teensy).






Step 1. Implement and test a forward kinematics function


	Determine if you have a right or left robot leg (there’s a L or R on the lower link).


	Update line 15 of src/main.cpp based on the what side leg you have.


	Complete the forward_kinematics function inside of src/kinematics.h. You should return a BLA::Matrix<3> of the cartesian coordinates of the end-effector.


	Upload code.


	Press s to start. The starter code will first test your kinematics code and then run the main loop.






Step 2. View cartesian coordinates of end effector


	Start the robot from the zero position. See picture below


	Print out the cartesian coordinates of the end effector using your forward kinematics function





[image: ../_images/horizontal-config.png]

A left robot arm in the starting position for lab 2 and its coordinate system.





Step 3. Make a safety box


	Pick a “safety” box – a virtual box in cartesian coordinates that the robot can operate safely in. For example, -0.1<x<0.1 and -.1<y>0.1 and 0<z<-0.2.


	Print a warning whenever the robot leaves the safety box.






Step 4. Do the safety dance [https://www.youtube.com/watch?v=nM4okRvCg2g&ab_channel=MenWithoutHatsVEVO]


	Make a function to vibrate the motors (high frequency, low amplitude torque command sinusoid)


	If you program a torque sinusoid, a safe range for the amplitude is around 500 - 4000mA. Any lower is barely perceptible.


	Run the function whenever the robot end effector leaves the safety box.




[gif of completed project]
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Lab 4 - Drawbot


Contents


	Lab 4 - Drawbot


	Mini-lecture - Inverse Kinematics


	Lab instructions










Mini-lecture - Inverse Kinematics

3D illustration of motor angles, directions of positive rotation, and relevant geometry.


	Video: Available soon






Lab instructions


Step 1. Implement and test a inverse kinematics function


	Program a function that takes in a BLA::Matrix<3> vector of the desired cartesian coordinates and outputs a BLA::Matrix<3> of the corresponding joint angles.


	Test function in Platformio against our test data [todo. figure out platformio tests]






Step 2. Check against forward kinematics


	Come up with some reasonable (i.e. leg configurations you might see on the robot) cartesian end-effector positions


	Pass those positions to your inverse kinematics function to get joint angles


	Sanity check the joint angles yourself


	Pass those joint angles into your forward kinematics function to get predicted cartesian position


	Check the predicted cartesian position against the cartesian positions you started with


	If they don’t match, but you think your code is correct, think about if your initial cartesian point is compatible with how we derived the inverse kinematics.


	Remember that for every cartesian point in space, there are two sets of joint angles that will you get there. However, we programmed our inverse kinematics to find a specific one.






Step 3. Program a drawing pattern


	Come up with an easy shape to draw (lines, circles, etc)


	Program a function that maps time to where, in cartesian coordiantes, the pen should be to draw that shape


	Dry-run the drawing function by printout out the coordinates and joint angles without commanding the actuators.


	Do it for real.









            

          

      

      

    

  

  
    
    

    Lab 5 - Virtual Twin
    

    
 
  

    
      
          
            
  
Lab 5 - Virtual Twin


Contents


	Lab 5 - Virtual Twin


	Mini-lecture - TBD


	Lab instructions










Mini-lecture - TBD


	Video: Available soon






Lab instructions

These instructions assume you are running mac or linux. If you have Windows 10 or lower, I recommend dual-booting linux. If you have Windows 11, try using the Windows Linux Subsystem


Step 1. Set up simulation environment


	Clone the simulator repository git clone https://github.com/jietan/puppersim.git


	Follow the instructions in the Conda setup link section and Getting the code ready section of the puppersim README.


	Install dependencies pip3 install numpy transforms3d pyserial. Use pip if pip3 doesn’t work.






Step 2. Try out the simulator


	Follow the instructions in the Simulating the heuristic controller section.


	
	Check out these keyboard controls:
	
	wasd: –> moves robot forward/back left/right.


	arrow keys: –> turns robot left/right


	q: –> activates robot


	e: –> starts trotting


	ijkl: –> tilts robot










	To activate the robot, press q. To start trotting, press e.


	Enjoy the simulator!


	To close the simulator, do not press use the usual close button in the top left of the simulator window. Instead do Ctrl-C in both terminal tabs/windows.




Expected result:


[image: ../_images/sim.png]

Expected simulator window.




[image: ../_images/terminal.png]

Expected output from python3 run_djipupper_sim.py.





Step 4. Experiment


	Try changing self.overlap_time (line 52) in StanfordQuadruped/djipupper/Config.py. This controls the amount of time in which all four legs are on the ground for the trot.


	Try changing self.swing_time (line 53) in StanfordQuadruped/djipupper/Config.py. This controls the amount of time in which just two legs are on the ground for the trot.


	Mess around with other things [tbd]
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Lab 6 - Pupper Assembly


Contents


	Lab 6 - Pupper Assembly


	Lab instructions


	Resources










Lab instructions


Step 1. Leg Assembly


	Assemble 2 left legs


	Assemble 2 right legs




TODO add assembly videos



Step 2. Bulkhead assembly


	Insert end stop pins into motor bulkhead


	Attach 2 motors, one into each side of motor bulkhead


	Attach left and right legs to the shafts of the motors you just installed




TODO add assembly videos



Step 3. Electronic assembly


	Connect motor controllers to motors


	Calibrate motor controllers TODO Add video


	Set IDs on motor controllers.   TODO Add video


	Label the motor controllers and motor connector cables with the IDs in case you unplug them later.


	Connect motor controller power cables and CAN connectors to bottom PCB


	Insert motor controllers into slots


	Put wire wrap around motor controller cables


	Zip-tie wire wraps and cables to the motor bulkheads





[image: ../_images/esc-ids.png]

Motor controller ids.





Step 4. IMU prep


	Break off two 1x6 male header rows.


	Place them on the top side of the IMU board (side with black connectors and the middle chip)


	Insert the IMU with headers into a breadboard to help you solder the headers to the IMU


	Solder the headers to the IMU




[insert picture here]



Step 5. Unmounted Raspberry Pi assembly


	Plug in IMU into bottom PCB with Sparkfun text facing towards the Teensy USB


	Screw RPi into electronics bulkhead with M2.5x5 socket head screws such that the Pi is about centered on the electronics bulkhead


	Connect USB C extension cable to Rpi


	Connect RPi camera flex cable into RPi. There’s a little grey flap that flips up on the connector that lets you slide the cable in. Flip the flap down to lock the cable in.






Step 6. Mounted Raspberry Pi assembly


	Mount electronics bulkhead into the bottom PCB with two M3x6 button head screws.


	Connect RPi to power by using 2-pin cable. Connect one end into 5V, GND pins near the Teensy and other side into RPi. Quadruple-check that the 5V and GND pins are going the right places. See diagram below.


	Mount RPi camera with 4x M2x3 screws to front cowling such that flex cable goes up. The screws thread into the plastic and may be tough to thread.


	Connect RPi to Teensy using USB A to USB micro cable


	Connect RC receiver to RPi with ribbon cable usb extension cable. The connectors have gray flaps that slide in/out to lock/unlock the cable.






Step 6.5. Bind RC receiver


	Bind the receiver [TODO: add instructions]






Step 7. Top panel assembly


	Screw the USB-C connector to the top PCB with M3x6 button head screws


	Insert the XT60 female side (conductor is a circular slot) of XT60 splitter cable into 3D printed power hub.


	Connect other female XT60 into the bottom PCB


	Insert JST-XH extender balance cable into 3D printed power hub.


	Take the large nut off the power switch and then mount the power switch to the top PCB panel. Then secure the switch by threading on the nut from the bottom of the top panel.


	Compare your build to the finished robot to see if you missed anything.


	Verify your build so far with the class instructors and the photos below.





[image: ../_images/rpi-pinout.png]

RPi pinout.




[image: ../_images/IMG_0880.jpg]

Bulkhead wiring.




[image: ../_images/IMG_0881.jpg]

Zip-tie close up.




[image: ../_images/IMG_0882.jpg]

Leg assembly.




[image: ../_images/IMG_0883.jpg]

Electronics assembly.




[image: ../_images/IMG_0884.jpg]

Bottom view of top PCB.




[image: ../_images/IMG_0885.jpg]

Top view of top PCB.





Step 8. Finish hardware assembly


	Put velcro or dual-lock onto the bottom PCB where it says “battery”. For now we’ll use the power supply to run the robot so you don’t have to install the actual battery.


	Attach the top PCB panel with M3x6 button head screws.


	Check again with instructors.


	Marvel at your work!






Step 9. Flash code onto the Teensy


	git clone https://github.com/Nate711/DJIPupperTests.git


	Use VSCode PlatformIO to open the DJIPupperTests folder as a project and then upload the code to the Teensy. (Same thing as in labs 1-4).






Step 10. Flash software image onto Raspberry Pi


	Download our image [https://drive.google.com/file/d/1LWupKrq-aiqHTXsXZ3rIQzXBHl4DCbSj/view?usp=sharing]


	Install Balena etcher [https://www.balena.io/etcher/]


	Flash the image onto the micro SD card using Balena etcher.


	Insert the micro sd card into the Pi’s micro sd card slot (on bottom side of board)






Step 11. Enable the heuristic controller


	Connect the robot to your computer via the top USB-C port on the robot.


	SSH into the robot with ssh pi@raspberrypi.local. The password is raspberry. Ask for help if this doesn’t work.


	Run sudo systemctl enable --now robot to turn on the heuristic controller.


	Run sudo systemctl status robot to check that the service is running ok (should be green).


	Reboot with sudo reboot 0






Step 12. Take your robot on a walk


	Unplug the Pi from USB C.


	Place your robot on a flat, level surface. Position the legs as shown in the picture below.


	Power on the robot by hooking up the power supply to the bottom PCB (like you’ve done in labs).


	Connect the Pi with USB C to your computer.


	Wait for the robot to complete the calibration sequence. TODO Add calibration video


	Flip all switches on the back RC transmitter down so they’re away from you.


	Turn on the RC transmitter by pressing the middle power button and moving the left joystick up and down until the light turns blue.


	Wait ~30s for the RPi to boot (the green light should stop blinking).


	Flip the lower left switch on the controller up to enable the robot. It’ll move!


	Flip the lower right switch on the controller up to start the robot trotting.


	Enjoy your hard work and play with Pupper!






	The top right switch flips between trotting and walking.


	Left/right on the left joystick controls turning.


	Up/down on the right joystick controls forward/back.


	Left/right on the right joystick controls strafing left/right.








[image: ../_images/startup-position.png]

Startup position.






Resources


Wiring diagram


[image: ../_images/wiring-diagram.png]

Wiring diagram.





Work in progress manual [https://img1.wsimg.com/blobby/go/f1c92971-b8a4-41e7-ae17-e7be47117f4a/downloads/Pupper%202.1%20Manual.pdf?ver=1629132720898].
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