
Human-robot interaction
[ ] Dynamical system
[ ] Joint state and relative state
[ ] What is HRI hard?

Dynamical Systems
model the motion of human and robot agents as a dynamical system•

What is adynamicalsystem
A set of quantities ie states whosevalues evolveovertime

The futurevalues depend on the current value potentially
other external inputs eg controls disturbances

describe dynamics using state spacerepresentation
aka usingvectors Linear algebra

State EXER neat

a minimum set of quantities needed to describe

the system of interest

eg 08 position velocity heading

control UEMERM meat 4 11
a set of quantitieswhosevalues can be selected
by eg a human or algorithm

eg acceleration torque yawrate
NOTE in UG controls U K x I was a PID or leading

proportional ete
and focused on 5150

but in this class we are interested in Mimo applyingLA



 

also look at optimisationbased control

disturbance de Der d f 911295ft
can

affect the systemdynamics

eg wind ice noise
anythingthat is not explicitly
modeled

observations y eye k y Ig observations that can be
measuredbysensorson thesystem
eg IMU accelerate

GPS etc

NOTE assume system is fully observable y x

TTFTxity I If I f x u d continuous time

y g xiu d t dynamics
E ER

we can also havediscrete time dynamics

Xeti FalXt Ut de t t timestep

get CT dyn from physics eg Newton's 2nd law

I integrate
DT dynamics

Properties of t.ci fd

typically dynamics are nonlinear AAMELEE 583

f can be linear X Axt Bu Xu Axx But 547,548

control affine systems I f x t ga u th x d



Trajectories a sequencesignal of stays controls

Ct it If trajectory starting at xo.to following

dynamics f executing u s disturbancede
up to time t

xfi.tt 5 state
u n s s

t Xo to f ul dc

make sure you define it clearly

Simulatingtray e D INTEGRATE CT
STEPFORWARD CDT

For CT you can use ODE45 scipy.Rk4
scipy integrate I

eg simple unicycle state I It
fig Tfw u1 E fer gun Yes

151 E
fix g E

add an integrator state
Yg
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I I 1 Eli
Q given a general nonlinear dyn sys can we

do some trick to make it control affine

tit EE

im
efi I'd

v

WROTE
Y tansI EIEI.su I

control affine No tans in nonlinear

if É tans



What about a human agent robot together

ÉÉN
HUH.fm R ur fr

fr xr ur
ft xn un

done

Xr Xu Xn relative to Xr
well Ur depends on uh what the human will do

potentially future states controls
knowing Unfuture fr

UR TIR XR XH UH 7

similarly Un depends on xp sexy Xn relative to Xr
UR what the human will do

potentially future states controls
Knowing URfuture FAR

UH Tel XR XH Uri INTERACTIONS

what if there n agents

Q how to model these interactions

to learn from data
eg predict what un will be Mirta

2 Come up with a model to explicitly describe the
interactions model based

module 2 planninggametheory guestspeaked



Étgn T m mate state between two agents

may get some reduction in state size
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