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Presentation Overview 

ÅWait, what is this place? 

ÅWho are these guys? 

ÅOh God, what have I signed up for? 

ÅWhat are we building? 

ÅHow on earth are we building it?  



What is this place? 



What is this place? 

Å"QSHR@M½R "RXKTLu *MBq 

ÅNonprofit community workshop  

Å31,000 square feet  

ÅMultiple craft areas  

ïWelding, machining, metalworking, woodworking, 

DKDBSQNMHBR @RRDLAKXu RDVHMFu AHBXBKD QDO@HQt 

Å20-25 classes a month 



Who are these guys? 



Who are these guys? 

Gui Cavalcanti     Dan Cody     James Whong 



Who are these guys? 

ÅOlin College of Engineering grads 

ÅProfessional roboticists  

ÅCrazy motherfuckers 



Gui Cavalcanti 

ÅMechanical/Systems Engineer 

ÅFormerly systems integrator for a $35M, 1,200 

pound hydraulic robot horse  

ÅWorked on BigDog, PETMAN, LS3 and more 

ÅCo-ENTMCDQ @MC 1QDRHCDMS NE "QSHR@M½R "RXKTL 

ÅMakes giant rubber duckies, floating bouncy 

castles, and dragon sculptures for fun  



Dan Cody 

ÅControls/Electrical Engineer  

ÅDesigner and author of libbarrett , open-source 

real-time controls library behind WAM arm  

Å8NQJDC NM #@QQDSS½R 8". @QLu %&,"½R -TJD 

arm, and more 

ÅCurrently a controls engineer at Barrett 

Technologies 

ÅDangles from cliff faces for fun  



James Whong 

ÅElectrical/Controls Engineer  

ÅDesigned distributed electrical control 

infrastructure for several Boston Dynamics robots  

ÅWorked on PETMAN, RCTA, ATLAS, and a number 

of robots for DEKA, Vision Robotics, and others 

ÅCurrently an electrical engineer at Boston 

Dynamics 

ÅHates fun 



Projects Weõve Worked On 



Our Roles 

Å Instructors:  

ïTeach you how to accomplish project goals 

ïCreate exercises to guide you through the design process 

ïCritically evaluate and give feedback to your designs and ideas 

ÅProject Managers: 

ïKeep the whole project moving and relatively on-schedule 

ïMake high-level systems decisions and review low-level detail 

decisions 

ïFind and allocate money, time, energy, etc. in the pursuit of 

ridiculousness  

ÅThese will sometimes conflict, we need your help to 

resolve this 



Who are you? 



Who Are You? 

Å8G@S½R XNTQ M@LD} 

Å8G@S½R XNTQ A@BJFQNTMC} 

ÅWhy do you like robots? 

ÅWhat are you hoping to get out of the class? 



What have I signed up for? 



What youõve signed up for. 



A Grand Experiment 

+ 

Public, project -based education 



A Grand Experiment 

ÅRobots take a ton of the following:  

ïMoney 

ïTime 

ïEnergy 

ïInformed, correct decisions  



A Grand Experiment 

ÅClasses provide 

ïIncome from tuition  

ïFixed, recurring, devoted time with a large group  

ïEnergy for learning and creating  

ïDecision-making infrastructure  



A Grand Experiment 

ÅDesign a class to create a giant hexapod 

ïClass income provides $10,000+ 

ïFixed time slots demand recurring attention, large 

class has a ton of productive capacity  

ïStudents get to learn exactly how robots are 

designed, and practice doing the heavy lifting  

ïInstructors/project managers get to guide a 

successful project to completion  

ÅEverybody wins! 



What are we building? 



What are we building? 



Actually, more likeé 



Design Goals 

Å1-2 person payload 

Å*MGDQDMSKX RS@AKDu yR@EDx 

ÅWalk at 3-4mph 

ÅRun for an hour at a time  

Å.@JD ODNOKD FN yVNVx 



Design Contraints 

ÅMoney + Time 

ïWe have 2 orders of magnitude less than 

most professional robotics projects  

ïWe need to use as much prior art as possible 



Building blocks 

ÅMorphology 

ÅActuation + Transmission 

ÅPowerplant + Energy Storage 

ÅStructural  

ÅSensing + Electronics 

ÅControls 



Morphology: 6 Legs 

ÅStatically stable gait  

ï#DG@UDR yR@EDKXx HE RSNOODC LHC-cycle 

ïy*LONRRHAKDx SN SHO NUDQ 

ÅAllows for several simple gaits 

ïAlternating tripod  

ïRipple gait 

ÅSpreads load out over many legs 

ÅSimple inverse kinematics 



Morphology: 18 DOF 

ÅDOF = Degree of Freedom 

ïYour elbow is one DOF, your shoulder is three 

ÅTo place a foot in 3D, you need 3 

actuators/DOF 

ÅWe have 6 feet 

Å6 legs X 3 DOF/leg = 18 DOF 



Actuation + Transmission 

ÅA 5 foot leg extension (low estimate) with 

600 lbs downforce = 3,000 lb*ft 

ïThe torque on the wheel of your car in first 

gear is ~150 lb*ft 

ïEffectively rules out electric motors  

5 ft 



Actuation + Transmission 

ÅWhat vehicles produce torque of these 

magnitudes? 



Actuation + Transmission 

Excavators! 

(Hydraulics) 



Actuation + Transmission 

ÅHydraulics 

ïCheap 

ïAvailable 

ïReliable 



Powerplant + Energy Storage 

ÅProvide hydraulic power 

ÅIndoor/outdoor operation  

Å%NM½S G@UD SHLD SN %*: 

ÅNeed high reliability  

ÅNeed safe fuel system 



Actuation + Transmission 

ÅWhat vehicle powerplants provide this? 



Powerplant + Energy Storage 

ÅForklifts!  

ïPropane engine clean to run inside  

ïFuel comes in rugged canisters 

ïEngine and hydraulic pump are one unit  

ÅAnd we got one 



Force-Controlled 

ÅWe have 6 legs that look like excavators 

ÅExcavators are designed to dig into the ground 

ÅWe need to know where the ground is in order to 

not destroy it  

ÅWe need to not be incredibly rigid when we 

touch the ground  

ÅForce control and compliance is the answer 



Structural 

ÅSteel weldments 

ïStrong 

ïCheap 

ïWe can model them 

ïWe can fab them 

 



Sensing + Electronics 

ÅAt every joint, we need: 

ïPosition 

ïForce 

ÅWe have 18 joints spread out over ~20 feet 

of structure  

ÅWe need to read them ~100 times / second 

 



Sensing+Electronics 

ÅModular nodes 

provides 

extensible digital 

+ analog I/O 

 



A note about òsafetyóé 



òSafetyó 
ÅYou are a sack of meat, easily punctured by steel 

ÅHydraulic systems can channel 100% of their available 

power to any one piston (flow limits allowing)  

ïNothing like a 50 horsepower punch through the gut  

ÅA pinhole leak in 2,000 psi hydraulic systems can cut 

your hand off  

ÅEach leg of the full robot will weigh as much as you do  

ÅPropane explodes 

ÅEach cylinder can generate 10,000+ pounds of force  



òSafetyó 

ÅThis robot will not move to you, it will 

move through you. 




