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The persistent mystery
Young, fit, healthy = more extreme
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Many diseases associated w/decrease HRV
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First Principle Model

System Identification Model , ,
Physiology + Optimal Control
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Two experiments
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Two experiments with same subject #1
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Two experiments with same subject #1
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HR dynamic nonlinear (piecewise linear) fit
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Nonlinearity
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High frequency
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Standard picture
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* Proximal cause: Autonomic
nervous system balance

« Between sympathetic and
para-sympathetic

« Deeper why: evolution
and physiology
e Accident or necessity?
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Physiological model
Mean Arterial Blood Pressure
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The simplified physiological model:
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Intuition
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Why? Necessary?
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Why? Intuition
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At high watts and HR
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Cerebral Blood Flow

CBF

Oxygen drop across muscle
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Architecture
Low watts and HR
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Not sustainable 200 %
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Laws & Architecture
Good architectures

allow for effective
A tradeoffs
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This idea can be used directly
with a dynamic model

' HR data (bpm) ]
160; HR =h(w) WW/W
HR : } \§ ’ ' I W " WV I A‘ )

120 7 - ' | l” | [ | ’ ‘1 -
ébt""' Iiu' Lnl “u' ’ /

O 50 100 150 200 250 300 350

[
405" 50 100150 200

Workload W



__________________________________

MUSGLE BLOGO FLOW CONTROL AND Pcrg . VASCULAR ! KIONEY DYNAMICS AND Ech!ETu;m

%‘-ﬁ’%“&-ﬁ 3 &I

iz
ol m...r I || :
%, e, N i
\ S || 1|
ar | i L
Pll—
el
&
Z 7 :
i

| Plumblng and chemlstry 5 Rl
1 FWL ﬁg—[ R e :j'

L _w!< )WKE}J s | e [——'ﬁ—ﬁr& E

{ '_|
| | cln{:Ll_n.Tnnf'r u*m.l.mcs |_ *
i T B _

ST |
; i =
i ————
o [ R
W' ) |l A I
[l = : : a
[ t Il 1 s .
. [ 1 ur i
w ! 1 i
5 . ik 1 1
| : ..u*.- H
II
i

%2 CIRCULATION: OVERALL REGULATION

[EW Artaur C. Guyron, Toomas G. Coreman, anp Harris J. Grancer?:® 5

Moy The Department of Physiology and Biophysics, University of Mississippi o ce wren
Scheol of Medicine, Tackson, Mississippi




This idea can be used directly with a dynamic model
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Dynamic optimal control
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So far...
Good architectures
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Second order piecewise linear dynamic model fitting
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Universals

low variability outputs
+ large disturbances

— high variability controls

* Independent of variability measure
 Universal in biology and technology
 Most important nonlinearity Is actuator saturation
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1st order linear model
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1st order linear model
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First principles aerobic model

160 F
120 F

50 —F

4 VO, (Lmin) o oM ’“\\ \
ll"-‘ WL A kil IM* J,f' \/ \ »‘f kk.n.ﬂ“’!l \ ‘ ‘k -

\ N,h . N/ v 7]

1407 Ve (Lmin) \ i
100 i w 1 IJ l \‘ -
50 [ _— (vwr"w'ﬂl]mr \ [Jf\“/ \ ‘ M‘lywl\ ! |

sl b J
0 .

0

5

10 _ 15 20 25 30
Time (minutes)

400

200
100



VCO, —-VO ( ,\
2 2 i\l ( \
\ I, | |
e e e —m _u»‘..f' (AN 2\ "\‘ N VY. | aerobic
WY 7 ‘ N model
2"d order
nonlinear fit
0 10 20 30

Aerobic models can be way off at high watts
Can still fit with simple “black box” models, but...
Need nonlinear dynamics

Mechanistic models? (Redox ®£)

 Need anaerobic mechanisms
« Control of arterial pH is critical (and hard to model)
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