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Application t:

From Snake Rohots to Conformational
Ensembies of DNA
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Hardware from the PhD Years
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Simulations from the PhD Years




A Binary Manipulator with One Module

NN

0: retracted state; 1: extended state
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Workspace Density

¢ It describes the density of the
reachable frames in the work
space.

4 Itis a probabilistic measure-
ment of accuracy over the
workspace.
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Rigid-Body Motion Group

¢ Special Euclidean motion group SE(N)

An element of G=SE(N): A a
S G

Group operation: matrix multiplication

¢ For example, an element of SE(2) in polar coordinates:

cos¢ -—sing rcosd
g(p.r.0)=|sing cos¢ rsiné
0 0 1
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Definition of Operators

¢ Let X be an infinitesimal rigid-body motion. Then

R £\ o _(‘l/'(ge"\‘)
(x*f)g)= -

1=0

¢ XR can be thought of as the right directional derivative
of fin the direction X. In particular, infinitesimal rigid-
body motions in the plane are all combinations of:

0 0 1 0 0 0 0 -1 0
X,=10 0 0| X,=[0 O I| X;=[1 0 O
0 0 0 0 0 0

0 0 0
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Integrating over SE(N]) Motions

Planar
jdg Tﬁrdrdr;ﬂ&
000
Spatial

2 2am 2o

Idg _” _” Ijrz sin /3 sin @drd¢d Odaed fdy

000000
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¢ Divide the manipulator
into segments e

¢ Let the lower segment //7* \f*{:?fiifffj'_*j_: N\
serve as a transport / L*“ ) S ‘\\
device N N

# Fix the configuration of '/ % -
lower segment resulting ¢
in the highest density of 2
the upper segment over S'a""\'
the target spot.
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Generating Workspace Density hy
Convolution

f(g,Li+L,)= If(h,Ll)f(h_l og,L,)dh
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Flexible Needies with Bevel tip

http:/Iresearch.vuse.vanderbilt.edu/MEDLab/research_files/needlesteer.htm

V4

Needle with a bevel tip
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¢ Deterministic nonholonomic model

o, KV V :insertion speed (7) : twisting angular velocity
o, 0

Z

o. 12 K-l 4
= e

v. | |o A

Lad. L y

R. J. Webster lll, J. S. Kim, N. J. Cowan, G. S. Chirikjian and A. M. Okamura, "Nonholonomic Modeling

of Needle Steering,"” International Journal of Robotics Research, Vol. 25, No. 5-6, pp. 509-525, May-June
2006.

Ty

v e e -

Experiments by Dr. Kyle Reed
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¢ Stochastic model
The effect of noise is included.
The noise terms are included in the inputs.
(0(’) = i] W, (’) w,(f) : Unit Gaussian white noise

v(r)= 1+ /1311'3(’) A : Strength of noise

1

e - 0 0 4 00 0][aw,
(g'¢)di=[x 0 0 0 0 1Jdr+| :
k4, 0 0 0 0 4| |dW,

& : SE(3) frame for needle tip pose

W,.() : Wiener process
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A General Semiflexible Polymer Model

A diffusion equation describing the PDF of relative
pose between the frame of reference at arc length s
and that at the proximal end of the chain

Ay,

! Zy - r‘:-”

S0

Zl,-

Vi Distal End

Defining D=[D,]=B"' d=[d,]=-B"'b

P 4

Proximal End P F(aR. s |3 o } ) X

% — (5 ZDm X‘,RX;" + Zd;X;R - X: ) f(a.R,s)
: k1= -1

Initial condition: f(a,R,0)= &(a) 8(R)
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Differential operators for S£47/

X f(g(@)) = %f(go g ()0 = %f(go T+ X))o

e XF for i=1,2,3

" T(47v,), for i=4,56

-3

Unfiled Notes Page 20



¢ Fourier transform of a function of motion, f(g)

F(f)=f(p)= [/(@)U(g" p)dg

¢ Inverse Fourier transform of a function of motion

F'(f)= f(g)= [mrace (f(p)U(g.p) p" " dp

where g eSE(N) , p is a frequency parameter,
U(g,p) is a matrix representation of SE(N), and
dg is a volume element at g.
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Convolution and the SE(3) Fourier Transform

(f* 1)@= [ ffH" o g)dn

F(h* 1) =F(L)F()
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