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Section 1

Pulse counting for Piecewise Constant Signals and RPM
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Motivation: Spindle speed measurement using laser tachometer signals
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Digital Ringing
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Noisy Signal Model (version 1)

Pulse train: P}
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Duty cycle: 7
Pulse width: T

Noisy pulse train

o 1 2 3 4 5 6

dx ~unif(—a - 7,0+ 7)
9y ~ unif(—p3, §) with
a €1[0,1/2] and 38 € [0, 1].
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0-Dim Persistence Diagram as Histogram

Point cloud example, x C R? Histogram of points in persistence diagram
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Thresholded persistence

@ Discrete
> X(O)vx(t1)7 T ’X(tN)
» x={t|X(t) >3} CR
e Continuous:
» PT:[0,tn] = R M
> M={t|Pr(t) >3} X
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Thresholded persistence

@ Discrete
> X(0)7X(t1)7 e aX(tN)
» x={t|X(t)>3}CR
@ Continuous:

» PT:[0,tn] = R 1 M
» M={t| PH(t) > 3} x
Histogram of pts in pers dgm 14
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Thresholded persistence

@ Discrete
> X(0)7X(t1)7 e aX(tN)
» x={t|X(t)>3}CR
@ Continuous:

> PRt >R M
» M={t| PH(t) > 3} x
Histogram of pts in pers dgm 1A
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Algorithm

e Find x ={a1 <--- < ap} and sort *
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Algorithm

e Find x ={a1 <--- < ap} and sort

o Get persistence diagram

» {a; — aj_1} because points are in R

» Sort and write as
dgm(x) = {c1 <--- < d}

TSA with TDA
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Algorithm

M
e Find x ={a1 <--- < ap} and sort *
o Get persistence diagram Y
» {a; — aj_1} because points are in R
» Sort and write as
dgm(x) = {d1 <--- < do} R wWW A
o Find largest split P e e

> Let j = argmax, {dkt1 — dk}
> Set pu € (dj, dj1)
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Algorithm

Find x ={a1 < -+ < am} and sort
Get persistence diagram

» {a; — aj_1} because points are in R

» Sort and write as
dgm(x) = {ch <--- < di} °]
Find largest split

> Let j = argmax, {dkt1 — dk}
> Set pu € (dj, dj1)

Count points in diagram above p
» K= |{d €dgmy | d> pu}|
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Number of points
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Algorithm

Find x ={a1 < -+ < am} and sort
Get persistence diagram

» {a; — aj_1} because points are in R

» Sort and write as
dgm(x) = {ch <--- < di} °]
Find largest split

> Let j = argmax, {dkt1 — dk}
> Set pu € (dj, dj1)

Count points in diagram above p
» K= |{d €dgmy | d> pu}|

Number of (partial) pulses seen is K + 1
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Theorem (Khasawneh, M 2018)

Given {X(t;)}V, for evenly spaced t;, A := to, B := ty, with

o a<i(Lf-1), Control horizontal noise
e 3 <.5 Control vertical noise
o ti—ti_1 <7(l—2a)/2 and See every pulse
o (ty —to)/ T > 3. See > 3 pulses

If K is determined in algorithm, then there are K — 1 pulses in the range

A< Ay = GA;T +1) T < FJ T = Auign < B.
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Theorem (Khasawneh, M 2018)

Given {X(t;)}!, for evenly spaced t;, A := tg, B := ty, with
o a<i(Lf-1), Control horizontal noise | “¢
e B <.5 Control vertical noise
o tj —ti_1 <7(1—2a)/2 and See every pulse
o (ty —to)/ T > 3. See > 3 pulses
If K is determined in algorithm, then there are K — 1 pulses in the range
dgm, dgm,
A—1] B
A<A10WZ:<’V T +1)T<LTJT:ZAhighSB.
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Noisy Signal Model (version 2)

Pulse train: P}
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Noisy pulse train
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Pulse width: T
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X(t) = PR(t+6,) + 0,

Ox ~unif(—a - 7,0+ 7)

0, ~ unif(—p3, §) with

a€[0,1/2] and 8 € [0, 1].
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Noisy pulse train - Accordion
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Relative Error of RPM

. ?,Zf case 1: 7 =0.05, « = 0.1,
€ € [0.02,0.65]
case 2: 7 = 0.05, ¢ = 0.25,

a € [0,0.5]
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X(s) = Pr(e(s) +6x) + 0,
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True step detection in piecewise constant signals

Average runtime for all trials (200 runs for each nominal RPM) as a function of the nominal RPM
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Theoretical worst case run-time
for both algorithms: O(n log(n))
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Experimental Data: RPM
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Higher dimensional analogue of the persistence-based method for pulse
counting

100 13 Histogram of pts in pers dgm
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Section 2

Synchronization in Coupled Dynamical Systems
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B-factor and protein

B-factor

Quantitatively measures the relative
thermal motion of each atom and
reflects atomic flexibility.

40

35

30

25

PDB2NUH 10 20 40 60 80 100

TSA with TDA June 6, 2018 19 /30



Setup: coupled dynamical system on a protein embedding
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Setup: coupled dynamical system on a protein embedding
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Mathematical forumlation

Lorenz Oscillators

Coupling
i (), i= 1,2, N do8(ri 1) = [Iri = rjl2.
dt
e (d7B(rim)/w)" £
o(ui2 — uj1) AT=N = A i =],
g(ui) = |uir(y —uiz) — ui2 I#i )
uiilio — Bui3
®r: Cu- % = G(u) + ¢(A® MNu,
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QUESTION

Given just the time series...
can we say something about the B-factors?
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Perturbing an oscillator at residue /
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@ N not yet synchronized
oscillators {uy, - ,upn}

@ N embedded points,
{ri,-- ,ry} CRY

@ Global synchronized state is a
periodic orbit
s(t) for t € [to, t1] where
S(to) = S(tl).

Transformation function

Ti() = min [u(t) ~s(£)2. 0 8(t):= T(s(t) =0
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Protein Structure affects Synchronization

40 60 80 100120 o0 10 20 30 40 50 60 70
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Constructing a filtration

@ ¢, > 0: far enough to be
unsychronized

® €gync > 0: close enough to be
synchronized

OEdZO

t'€lto,t1]

V' = {nj ] max|t|>r’%{m|n lim |lui(t) —s(t )||2} > ep}
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Constructing a filtration

@ ¢, > 0: far enough to be
unsychronized

® €sync > 0: close enough to be
synchronized

OedZO

&9]
thne = min ¢ | [ G(6) - Gh(e)l ' < 5. ¥k
t
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Constructing a filtration

@ ¢, > 0: far enough to be
unsychronized

® €gync > 0: close enough to be
synchronized

OEdZO

f(n,.):min{{t| min ||ﬁ,'i(t)—§(t’>||zzep}u{t;ync}}.

t'E€[to, t1]
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Constructing a filtration

@ ¢, > 0: far enough to be
unsychronized

® €gync > 0: close enough to be
synchronized

@ €4 > 0

€ H

ey — e {minte |2 IB() — B’ < ) F(m). A0} iF < e
€ik) = .
’ i if dE > eq.

sync»
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Results for two example proteins
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Featurization

a

B-factor
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Results: Predicting B-factor

Pearson correlation coefficient

EHOO’! 0.586

EHo1
EHo:2
EH.0
EHLL
EH?2
EH20
EH2’1
EH2,2
EH

-0.039
-0.097
-0.477
-0.381
-0.104
0.188

-0.258
-0.100
0.691

b
B- factor B-factor
(Exp.) ’MM‘ (Exp.) LMWLMMM
EH IWI EH \ w b, ¥
BH=0 [t A A /| EH aliubalbobadidotidobindale
EH™1 | [Pt R Rav=iisT] EH 1 (bbbl e i ity ]
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Results: Predicting B-factor

Pearson correlation coefficient

EHOO’! 0.586

EHo1
EHo:2
EH.0
EHLL
EH?2
EH20
EH2’1
EH2,2
EH

-0.039
-0.097
-0.477
-0.381
-0.104
0.188

-0.258
-0.100
0.691

b
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Comparison with state of the art

EH 0.691 | Topological metrics
mFRI 0.670 | Multiscale FRI

pfFRI 0.626 | Parameter free FRI
GNM 0.565 | Gaussian network model
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Future work

Chaos Characterization
Brian Bollen, Firas Khasawneh, EM

Extending the ML Theory

DDE at tau =7.543920

EM, Jose Perea
o Random Diagrams - 500 dgms per run
o
10
e
15 099 aﬂuuum‘muu S 5
s00
Y
o
10] & 0 10 20 30 40 50 60 70
™ 5
° 095 10
o Testing Score 2 e o
e s .
2 4 6 8 Distance between means 1
o o
) T T3 3
Parameter identification Matrix-valued time series
Firas Khasawneh, EM, Chris Sukhu Sarah Tymochko, EM, Kristen Corbosiero, Ryan Torn, Jason Dunion
1 Max Persistence vs. Mutual Information ) : !
. Difference: 9/2/2007 20:15 - 9/2/‘2007 17:15
i
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Thank you!

Relevant papers

@ FK, EM. Topological Data Analysis for True Step Collaborators:
Detection in Piecewise Constant Signals. b & 1
arXiv:1805.06403, 2018.

@ ZC, EM, GW. Evolutionary homology on coupled
dynamical systems. arXiv:1802.04677, 2018.

@ FK, EM. Chatter detection in turning using Firas Jose Guo-wei Zixuan
. Khasawneh Perea Wei Cang
persistent homology. MSSP, 2016.
@ FK, EM, JP. Chatter Classification in Turning /JJ Teaspoon code available:
Using Machine Learning and Topological Data { gitlab.msu.edu/TSAwithTDA /teaspoon

Analysis. arXiv:1804.02261, 2018.

elizabethmunch.com

muncheli@egr.msu.edu CMSE

Dept. of Computational Mathematics,
Science, and Engineering
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