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FRACTAL-BASED
POINT PROCESSES

» Fractal point processes
» Fractal-rate point processes

S. B. Lowen and M. C. Teich, Fractal-Based Point Processes
(Wiley Series in Probability and Statistics, Hoboken, NJ, 2005)
ALMOST DONE!

M. C. Teich 2004



a) RATE ESTIMATE b) RATE ESTIMATE
NORMAL, SHUFFLED INTERVALS NORMAL

T='5 sec T='5 seé

N S |

RATE (events/sec)

T = 100 sec '
° I s s\ M amdm
0] 20 40 60 80 100 O 20 40 60 80 100
SAMPLE NUMBER (each of duration T sec)

After Turcott & Teich, Ann. Biomed. Eng. 24, 269-293 (1996). M. C. Teich 2004



INTERVAL-BASED

MEASURES
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INABILITY OF HEART TO INCREASE CARDIAC OUTPUT IN
PROPORTION TO METABOLIC DEMANDS

Symptom complex:

Many different presentations and etiologies

Typical symptoms:

m Shortness of breath

m General fatigue and weakness

Swelling in legs

Clinical diagnostics:

Ascultate heart
Carotid pulse
Electrocardiogram
Chest radiograph

M. C. Teich 2004
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RESCALED RANGE ANALYSIS (R/S)
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INTERVAL-BASED PERIODOGRAM
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DISCRETE WAVELET TRANSFORM

EXAMINES ALL SCALES
MITIGATES AGAINST NONSTATIONARITIES
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GENERALIZED—-RATE—BASED PERIODOGRAM

10 s —— ey —
1| a) .

e NORMAL

1 00 o B ‘““::‘:::::““-.. g
- S/i (f) o« f T A~

10" o, = scaling exponent e, TR YT y

10”2 | SCALE-INDEPENDENT e - /f "

\..-h
-----

. HEART FAILURE

102 PR 2 M 2 VLF M ) )

1 b) SHUFFLED INTERVALS

S, (f)

-

FREQUENCY f (cycles/sec)
After Turcott & Teich, Ann. Biomed. Eng. 24, 269-293 (1996). M. C. Teich 2004



o
o

OI-S T T T -:'g'/'/:
S i P
= 15} -t -
< | o @
£ : o 095.
Q10F 960 :
> .
LLI 1 //
ao5F ~° NORMAL o
— [ 7 HEART _ e
L FAILURE
00 PORT TRNY WY W Y SR SR SN TN Y T ST WY SN N S S T
00 05 10 15 20

RBP EXPONENT ag

After Turcott & Teich, Ann. Biomed. Eng. 24, 269-293 (1996).

M. C. Teich 2004



DISCRETE WAVELET TRANSFORM

a) CONSTRUCTION OF NORMALIZED
VARIANCE F(T)
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NORMALIZED VARIANCE
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NORMALIZED HAAR-WAVELET VARIANCE
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MEASURED VALUE

After Teich, Lowen, Jost,
Vibe-Rheymer & Heneghan,
in Nonlinear Biomedical
Signal Processing,
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ROC-AREA CURVES: NORMAL AND CHF DATA
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FREQUENCY—DOMAIN REPRESENTATION OF
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INTERVAL-BASED PERIODOGRAM
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NORMALIZED HAAR-WAVELET VARIANCE
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ROC-AREA CURVES: SIMULATION
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