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[54] HEART PULSE MONITOR 5,243,992 9/1993 Eckerle et al. oc 128/690
5,301,154 4/1994 Suga cecccccsssssssssssssesessseessseeessen 128/690

[75] Inventors: John D. Bryars, Encinitas; David 5,431,170 7/1995 Mathews............. ... 128/666
Cavanaugh, San Diego, both of Calif. 5,539,706 7/1996 Takenaka etal. ... ... 128/690

5,558,096 9/1996 Palatnik 0.eens 128/687

[73] Assignee: Advanced Body Metrics Corporation, Primary Examiner—Robert L. Nasser
Rancho Santa Fe, Calif. Attorney, Agent, or Firm—G. Donald Weber,Jr.

[21] Appl. No.: 512,712 [57] ABSTRACT

[22] Filed: Aug. 8, 1995 The invention herein described is intended to provide the
user with a reliable heart rate monitor that is a completely

Related U.S. Application Data self contained unit and is capable of providing accurate
readings while the wearer is moving about. The use of

[63] Continuation-in-part of Ser. No. 462,152, Jun. 5, 1995, piezoelectric sensing elements eliminates the power drain
whichis a continuation of Ser. No. 252,605, Jun. 1, 1994, caused by LEDs and similar devices. The sensing element
abandoned. mounting means disclosed herein is devised to greatly

[51] Tint, Cd cccccccssseeecesssseessssseneeesssseees A61B 5/00_reduce the noise introduced into the pulse signal by body
[52] U.S. Ch. eeeeeeeceees 600/500; 600/477; 600/479; motion. The use of optical sensors in a staring mode and

600/503 optical sensors in a pulsed mode is also presented. The
[58] Field of Search oo...eceeeeees 128/672, 666, effects of noise are further reduced by employing digital

128/687-690, 706, 707: 600/500-503: 5/476-475 signal processing algorithms to find the heart pulse inter-
, , , , mixed with noise signals and present the heart pulse rate in

[56] References Cited beats per minute on a display. The resulting device permits
the visual monitoringofthe heart pulse rate in a human body

U.S. PATENT DOCUMENTS in a consistent, error-free manner.

5,000,188 3/1991 Kojima ceeccccccscssssssssssssseesseesseees 128/687
5,197,489 3/1993) Comlan w.ecccccccssesesssseseseeeesees 128/690 27 Claims, 4 Drawing Sheets
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 |. ALLOCATE ARRAY MEMORY(128 LOCATIONS)
2. COMPUTE LINESHAPE TABLE FOR INTERPOLATION
3..SET UP TIMING PARAMETERS
4. ENABLE INTERRUPT

202 WAIT FOR A/D VALUE TO APPEAR IN BUFFER

STORE NEW VALUE IN ARRAY,
1203 INCREMENT ARRAY COUNTERi

FIG. 12 i=64 OR 128?
— 1204

205——| NORMALIZE THE ARRAY| (MAX=1.0, MIN=-I.0)

1201

1206 COMPUTE FFT (l28 POINT)
COMPUTE MAGNITUDE

1207 NORMALIZE SPECTRUM (MAX=1.0)

FIND PEAK IN SPECTRUM
(TRACKING OFF: SEARCH 30-210 BEATS PER MINUTE)

(TRACKING ON: SEARCH PREVIOUS HEARTRATE +10 BEATS PER MINUTE)

1208 INTERPOLATE PEAK WITH LINE SHAPE FUNCTION

1209 STORE HEART RATE VALUE

i210 DISPLAY HEART RATE
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