
(19) United States 
US 20020038094A1 

(12) Patent Application Publication (10) Pub. N0.: US 2002/0038094 A1 
Gorman (43) Pub. Date: Mar. 28, 2002 

(54) HEART RATE MONITOR AND METHOD 
USING DETECTION TO ELIMINATE 
ERRORS FROM INTERFERENCE 

(57) ABSTRACT 

A monitor-exercise equipment apparatus for measuring a 
biomedical response such as heartbeat rate, and for using the 

(76) Inventor: Peter Gorman, Mahopac, NY (US) _ _ 
measured response to control the exercise equipment, Where 

Correspondence Address: the monitor includes a transmitting unit and a receiving unit 
COBRIN & GITTES located in the exercise equipment. The monitor detects a 
750 LEXINGTON AVENUE, 215T FLOOR biomedical response (heart rate) and produces a digital pulse 
NEW YORK’ NY 10022 (Us) train representing this response. The digital pulse train is 

then encoded to produce an encoded digital signal having a 
(21) Appl' NO‘: 09/988’605 ?rst identi?cation part identifying the transmitting unit and 

- _ a second data part representing the person’s biomedical 
(22) Flled' NOV‘ 20’ 2001 response. This encoded digital signal is Wirelessly sent to the 

Related US Application Data receiving unit Which reads the received signal to determine 
if it is from the transmitting unit. If it is from that transmit 

(60) Division of application NO_ 09/589,311, filed on Jiih_ ting unit, the data part is read. If there are too many errors 
7, 2000, Which is a Continuation of application NO_ in the data part, a neW frequency of Wireless transmission is 
09/263,763, filed on Mar' 4, 1999, how Pat' No_ used in the monitor. If the errors are Within a reasonable 
6,304,774, Which is a Continuation of application NO_ bound, the data bits representing the biomedical response 
08/684,302, filed on Jii1_ 18, 1996, how pat NO_ are sent to a memory and/or a display. If the received signal 
5,913,827,WhiCh is a Continuation of application NO_ Were not from the correct transmitting unit, the received 
08/380,370, filed on Jan 30, 1995, how pat NO_ signal is rejected. Interference from other monitors or elec 
5,538,007, Which is a continuation of application No. meal equipment is minimized> and the data displayed is Very 
08/065,563, filed on May 21, 1993, how Pat' No_ accurate. The receiving unit provides a signal to a parameter 
5,459,065, Which is a cohtihiiatiohdhiiart of aPPh- control means in the exercise equipment. The parameter 
Cation NO_ 08/033,826, filed on Mar' 19, 1993, now control means automatically regulates the resistance offered 
pat NO 5,400,794 to the user in accordance With the measured heart rate of the 

user to provide a proper Workout. Memory is included for 
Publication Classi?cation providing exercise pro?les unique to the user. An identi? 

cation unit alloWs each user to identify himself/herself to the 
(51) Int. Cl.7 ................................................... .. A61B 5/044 equipment to access the proper stored exercise pro?le for 
(52) US. Cl. ............................................................ .. 600/520 that person. 

f 37 16 
DATA g 

ENCUDER CHECK TRANSMITTER % 

64 J‘ TIMER 

40 
f 17 

SIGNAL 
' EVALUATUR 

REC/R 

REFERENCE 



Patent Application Publication Mar. 28, 2002 Sheet 1 0f 6 US 2002/0038094 A1 

FIG. i 

[/10 
12 16 14 

I i A 5 . 

CHEST I/ V WRIST 
TRANSMITTER ‘v/ DISPLAY 

UNIT UNIT 

\17 

FIG. 2 
22 /1s 

I 
I 
I 
l 

l 
I 20 

FL IT FL FL TT/ 

FIG. 3A 
SYNCHRDNIZATIUN I IDENTIFICATION IDATAII 

PART PART iPARQ 
I | 

[+00 ——> 01 -—>11—>1O —— 

FIG. 3B 



Patent Application Publication Mar. 28, 2002 Sheet 2 0f 6 US 2002/0038094 A1 

2 

muzmmmlmm M54235 .J\ 
N55 3755 mw 

9h 

N? 
J k 

. mm A|~| .Jl m?tzwzqg cm L mm wm A @555 P 9m 0m 

. w _ @m 

y mm \ 
Rm wm 



Patent Application Publication Mar. 28, 2002 Sheet 3 0f 6 US 2002/0038094 A1 

U2 

EH m?tzwz?? lmlv 
3. f 2 

mm/ 

. @v @m 

2. IT. 

2155 A|| M52355 
322w 

#11 mm 

< 

QUE: ~55 2 f f? 2 

am 2.23 ZlawE 



Patent Application Publication Mar. 28, 2002 Sheet 4 0f 6 US 2002/0038094 A1 

mbmm 
Ma y 

ow 

D 
2 

PCZmZQWC. hmv 

.LI v.0 

52555 ~ WEE/Big F6 
#765 .0; 

~52? 

X55 
3% wmamuzm @@\ vmp 

@ .0; 

cm 

om 

vm 



Patent Application Publication Mar. 28, 2002 Sheet 5 0f 6 US 2002/0038094 A1 

RECEIVER 
l l 

FIG. 7 [(16 

TRANSMITTER 
12 



Patent Application Publication Mar. 28, 2002 Sheet 6 0f 6 US 2002/0038094 A1 

m» 

Caz: $8 $552 $2156 

v 
mm PDQZH ml?mzmu V 

cm 

mmwwmumwimmu?z 
JUMHZUU mmkmzqmqi mwammxm 

mmEdQm nzwiw PMZUQZ on w .w_.._ 

TQM UZH>Hmumm .QHQQ 9k 



US 2002/0038094 A1 

HEART RATE MONITOR AND METHOD USING 
DETECTION TO ELIMINATE ERRORS FROM 

INTERFERENCE 

BACKGROUND ART 

[0001] For many applications, it is necessary to measure 
and display a person’s body response, such as his or her 
heartbeat. In particular, in exercise and ?tness training, it is 
often the situation that a person Wishes to measure his or her 
heartbeat in order to achieve the maximum bene?ts of the 
exercise Without the danger of increasing the heartbeat to a 
rate Where adverse effects could occur. Of course, such 
measurements are also useful for many health applications 
such as biofeedback and exercise programs Where the par 
ticipants only mildly exercise and do not approach greatly 
elevated heart rates. Over the years, various types of equip 
ment have been marketed for the measurement of heart rate, 
such instruments being popular in a Wide variety of appli 
cations extending from all forms of exercise to biofeedback. 
Continuous accurate heart measurement is an important part 
of all aerobic exercise and rehabilitation programs and for 
this reason many types of apparatus have been commercially 
available for personal use by individuals and in ?tness clubs, 
etc. Some of this equipment includes heart rate monitors that 
are used to control the intensity of the Workout based on the 
user’s measured heart rate. As Will be discussed later, the 
problem of providing a good monitor necessarily affects the 
quality of an exercise program that is responsive to a 
measured heart rate. 

[0002] Some of the most popular heartbeat monitor 
designs use Wireless data transmission from a sensor-trans 
mitter unit to a display unit. This type of design alloWs 
optimal and ?exible positioning of both units While not 
limiting a person’s freedom of movement. Unfortunately, 
the increasing popularity of heart measurement, and there 
fore the use of these heart monitors, has demonstrated the 
limitations of currently available designs. An example is the 
recurring interference effects brought about When a person 
Wearing a heart monitor is in close proximity to another 
person Wearing another heart monitor. These people run the 
risk that their individual monitor readings are in?uenced by 
the monitor Worn by the other person. Further, it is equally 
frustrating for a person Wearing a heart monitor to ?nd that 
electromagnetic equipment of all types, such as exercise 
equipment, poWer lines etc. Will create electromagnetic 
?elds that interfere With the successful transmission of his or 
her heartbeat, thereby causing an erratic display Which is 
uncorrectable Without moving aWay from the interfering 
exercise equipment, poWer lines, etc. 

[0003] Various types of Wireless measuring methods have 
been proposed. Some of these are based on radio Waves 
While others use a magnetic proximity ?eld. Most of these 
prior techniques transmit an analog ECG signal of a person. 
HoWever, as noted, these prior techniques and apparatus are 
not simultaneously usable by several persons in close prox 
imity to one another or by persons Who are using such 
apparatus in close proximity to electrical or electronic 
equipment. In such cases, the reliability of transmission of 
heartbeat is signi?cantly reduced With the result that a 
continuous and accurate monitoring of the heartbeat is no 
longer possible. As is readily appreciated, this lack of 
reliability is a problem for anyone using the monitor and is 

Mar. 28, 2002 

especially disconcerting to a person Who is exercising to a 
level Where his or her heartbeat is close to the maximum 
desired for that person. 

[0004] Examples of some prior art monitors include US. 
Pat. No. 4,625,733; US. Pat. No. 4,425,921; US. Pat. No. 
3,212,496; and Us. Pat. No. 3,949,388. The ?rst of these 
describes a heartbeat monitor using a magnetic proximity 
?eld as a basis for analog Wireless transmission, Which a 
particular arrangement of magnetic coils is used in the 
transmitter and the receiver units. 

[0005] US. Pat. No. 4,425,921 describes a portable heart 
beat monitor Which can be used to check either pulse rate or 
heart rate using separate sensors for detecting heartbeat and 
pulse beat. The apparatus shares a common indicator for 
displaying the heartbeat rate or pulse beat rate depending 
upon a sWitch means for connecting either of the sensors to 
a microcomputer. Analog signals are used in this monitor, 
Which does not use Wireless transmission betWeen a trans 
mitter and receiver. 

[0006] US. Pat. No. 3,212,496 describes an apparatus for 
simultaneously measuring ECG, respiration rate, and respi 
ration volume. Apair of electrodes on or in a person’s body 
have current passed therebetWeen and sense an impedance 
change and a heartbeat voltage. A frequency modulated 
signal can then be telemetered to a receiving and display 
unit. 

[0007] US. Pat. No. 3,949,388 describes a portable appa 
ratus that can be used for analog biomedical telemetry, and 
is particularly adapted for use in a hospital Where each 
sensor-transmitter unit is used on a single patient and Will 
not normally be used on another patient. The transmitter is 
designed to produce a very narroW frequency spectrum 
Where a steady pulse rate accurately represents the measured 
temperature of the patient. In order to avoid interference 
from adjacent units, the receiver unit is located Within only 
a feW feet of the transmitting unit. Further, a very loW poWer 
continuously sending transmitting unit is used so that only 
the closest receiver Will detect the analog signal. This avoids 
the possibility that the receiver Will pick up signals from 
another transmitter. Thus, the selectivity of the receiver is 
based on its close proximity to the associated transmitter 
unit, not on any circuitry Which Would prevent interference 
by a transmitter broadcasting a high poWer signal, even 
though such interfering transmitter may be far aWay. Further, 
the frequency range intended for operation is selected to be 
very narroW. As noted in this patent, frequency sWeeping can 
occur due to saturation of a transistor in the oscillator circuit. 
In order to prevent this undesirable frequency sWeeping, an 
isolating impedance is used in the circuit design to prevent 
feedback current of the type Which causes the transistor 
saturation. 

[0008] US. Pat. No. 5,157,604 describes a hospital moni 
toring system in Which many patient transmitter units are 
coupled to a central station. Wireless transmission of a signal 
including an identi?er and heartbeat data occurs from each 
patient unit to the central station. Each patient unit transmits 
on its oWn frequency so there Will be no interference 
betWeen the patient units. The responses of the patient units 
are time multiplexed since these units respond to the central 
station only in response to the receipt of a timing signal from 
the central station. Error detection and correction of an 
incorrect heartbeat due to faulty transmission is not men 
tioned. 



US 2002/0038094 A1 

[0009] In the prior art monitors for measuring and dis 
playing heartbeat, it is usually not possible to provide a 
technique and apparatus for determining if the received 
signal in the display unit is from the properly associated 
transmitter unit or is instead from another transmitter unit. 
Further, if there are errors occurring in the data representing 
the heartbeat, such as missing portions of the signal due to 
interference from outside sources, the display in these prior 
monitors Will either indicate a Wrong value, not indicate 
heartbeat, or maintain the previous reading Without making 
the user aWare of the problem. In these prior art monitors, 
there is no Way to account for transient errors in heartbeat 
Which are momentarily caused but Which do not necessarily 
render inaccurate the later readings of heartbeat. If these 
prior art monitors are used to control exercise equipment, 
there is a problem due to interference from the motors in the 
equipment and also from other monitors on equipment that 
is closely located to the user’s exercise equipment. 

[0010] It is therefore a primary object of the present 
invention to provide an improved technique and apparatus 
for monitoring and displaying a biomedical function (body 
response) such as heartbeat, Wherein the above-described 
problems are addressed and corrected and to provide exer 
cise equipment using this improved apparatus. 

[0011] It is another object of the present invention to 
provide exercise equipment using an improved personal use 
heartbeat monitor Which automatically rejects interfering 
signals from sensor-transmitter units other than the one With 
Which the display unit is properly associated. 

[0012] It is another object of the present invention to 
provide a heartbeat monitor in Which the presence of tran 
sient errors in the signal representing the heartbeat does not 
render inaccurate the heartbeat displayed to the person 
Wearing the monitor, Where this monitor is used to control 
exercise equipment in accordance With the person’s instan 
taneous heart rate. 

[0013] It is another object of this invention to provide a 
Wireless heartbeat monitor Which can be easily Worn by a 
person engaged in all forms of physical exercise, and Which 
Will nonetheless provide accurate measurement of the per 
son’s heartbeat even in the presence of other heartbeat 
monitors and/or electrical or electronic equipment in Which 
components of the monitor are located. 

[0014] It is another object of the present invention to 
provide exercise equipment in Which a part of a person’s 
ECG signal is digitally encoded for Wireless transmission to 
a receiver-display unit located in the exercise equipment, 
Where the coding alloWs a receiver-display unit to identify 
the encoded digital signal as having been sent from a 
particular sensor-transmitter unit. 

[0015] It is another object of the present invention to 
provide exercise equipment using a heartbeat monitor Which 
Will automatically change the frequency range over Which 
signals representing the heartbeat are Wirelessly sent from a 
sensor-transmitter unit to a receiver-display unit, the trans 
mission frequency being changed in response to the occur 
rence of errors in the received signal. 

[0016] It is a further object of this invention to provide a 
technique and apparatus for monitoring heartbeat Where the 
monitor is used in exercise equipment Without adversely 
affecting the accuracy of the data displayed to the person 
using the monitor. 
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[0017] It is another object of this invention to provide 
improved exercise equipment for isolating monitor signals 
relating to a biological function, such as heartbeat, Wherein 
the monitored signals are digitally encoded to provide user 
identi?ers that are Wirelessly transmitted. 

[0018] It is a still further object of this invention to provide 
automatic transmission error detection and correction in a 
Wireless biological response monitoring system used to 
control exercise equipment in accordance With a user’s 
biological response. 

BRIEF SUMMARY OF THE INVENTION 

[0019] This invention broadly relates to exercise equip 
ment that uses an improved technique and monitor for 
measuring and displaying, preferably on a continuous basis, 
a physical condition or biomedical response, such as a 
heartbeat rate. The monitor includes a transmitter unit for 
producing an encoded digital signal representing the bio 
medical response and for Wirelessly transmitting the 
encoded digital signal to a receiver unit for display of the 
measured biomedical response. The monitor also includes a 
detection means for detecting errors in the received encoded 
digital signal, and correction means for automatically chang 
ing the transmitter unit and the receiver unit to provide 
accurate Wireless transmission therebetWeen of the mea 
sured biomedical response. In a preferred embodiment this 
monitor includes unique identi?cation betWeen a transmitter 
and an associated receiver. 

[0020] This monitor is particularly suitable for personal 
use such as Would occur in a home or of?ce or even in a gym 

or ?tness center Where it can be a part of exercise equipment. 
In one embodiment, the transmitter unit is adapted to be 
Worn and Would be battery operated While the receiver unit 
can be part of exercise equipment and can be used to control 
a Workout in response to a measured biological response. As 
long as the receiver is Within the transmission distance from 
the transmitter, it Will receive the Wirelessly transmitted 
signal. In one aspect of this invention the monitor measures 
a person’s heartbeat and displays an indication of the 
monitored heartbeat. In this embodiment, the apparatus is 
comprised of a sensor-transmitter unit (chest unit) adapted to 
be Worn in contact With a person’s chest and having elec 
trodes Which receive the person’s ECG signal. This signal is 
ampli?ed and digitally encoded to contain an identi?cation 
portion and a data portion. This encoded signal is transmit 
ted in a Wireless manner to a receiver-display unit (Wrist 
unit), Where the receiver-display unit contains a display for 
displaying the person’s heartbeat. While the receiver-display 
portion of the monitor can be adapted to be Worn, for exp. 
on a person’s Wrist, this unit need not be Worn and could be 
located elseWhere, for example on exercise equipment. In 
the invention of this continuation-in-part application the 
receiver-display unit is used to control the exercise equip 
ment in response to a continuous monitoring of the exercis 
ing person’s biological response (heart rate, etc.). Further, 
While chest electrodes generally provide the best ECG 
signals, the transmitter unit could be placed elseWhere, such 
as on a person’s Wrist. 

[0021] Because the person’s ECG signal is digitiZed and 
encoded, tWo purposes can be achieved. The ?rst is that an 
identi?cation is provided Which is different for each heart 
monitor. That is, after the receiver-display unit receives the 
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transmitted encoded signal, it checks this signal to see if it 
contains the proper identi?cation code. If this comparison 
fails, the incoming signal to this unit is not accepted because 
it is not from the proper chest unit. HoWever, if the identi 
?cation compares With the reference identi?cation in the 
receiver unit, the incoming signal Will be accepted. This 
prevents tWo heart monitors Working in close proximity to 
each other and transmitting on the same frequency from 
receiving and displaying signals from the Wrong person. 

[0022] The second purpose of the digital encoding is to 
provide transmission error detection and correction of the 
heartbeat data. In practice, it is possible that a valid signal 
may be rejected by the receiver-display unit due to an 
outside noise source. The data portion of the transmitted 
signal is therefore encoded into a particular bit sequence. 
When the incoming data bit sequence is checked against a 
reference data bit sequence in the receiver-display unit, 
errors in the received signal can be detected. The receiver 
unit can be set so that infrequently occurring errors (such as 
transient errors) Will be corrected but not result in a change 
of the transmitting and receiving units. On the other hand, if 
too many errors are present, the receiver unit Will notice it 
and provide a frequency change signal to change the trans 
mission frequency in the chest unit and also to change the 
receiving frequency in the receiving unit. In a preferred 
embodiment the poWer of the frequency change signal is 
also increased to ensure that the frequency change is made. 
While the receiving unit Will automatically cause a change 
in frequency if persistent errors occur, the user can also 
change the transmission and reception frequency if it is 
anticipated that a problem may occur. This feature of a 
change in transmission and receiving frequency also alloWs 
the use of multiple units in close proximity to one another 
Without reciprocal disturbances. 

[0023] The chest unit generally contains an input sensor 
means for receiving the ECG signal, amplifying means, 
comparator means for producing a digital pulse train corre 
sponding to the analog ECG pulses, encoder means for 
encoding the digital pulse train into coded signals having 
bits corresponding to an identi?cation portion and further 
bits corresponding to a data portion of said encoded signal, 
and means to receive a frequency change signal from the 
Wrist (receiving) unit for changing the transmitting fre 
quency of the chest unit. This latter means includes a 
receiver for receiving via Wireless transmission the fre 
quency change signal from the receiving unit When the 
transmission frequency is to be changed and a signal evalu 
ator for reading the identi?cation code in the frequency 
change signal to determine that it is from the associated 
receiving unit and for providing a signal to the transmitter 
means for changing the transmission frequency for the 
outgoing signals from the chest unit. Part of the identi?ca 
tion signal may serve for synchroniZation of a clock signal 
in the receiving and transmitting units. 

[0024] The receiving unit broadly includes a receiver for 
receiving output signals from the chest unit and a signal 
evaluator for separating the identi?cation portion and the 
data portion of the incoming encoded signal and for deter 
mining if the incoming signal is from the associated chest 
unit. The signal evaluator also checks the data portion of the 
incoming signal to determine if it has the proper data pattern 
for the associated chest unit. The signal evaluator provides 
an output to a memory means for storing heartbeat data and 
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also provides in output that is sent to a display, for displaying 
the heartbeat rate. The signal evaluator further provides an 
output that is sent to a transmitter means located in the 
receiving unit if the signal evaluator determines that the 
frequency of errors in the data portion of the incoming signal 
is beyond a given bound, that is, if the bit patterns indicate 
that the errors are not merely transient but are suf?ciently 
repetitive as to provide potentially inaccurate monitoring of 
person’s heartbeat. The output of the transmitter means in 
the receiving unit is sent in a Wireless manner to the receiver 
in the chest unit. At the same the signal evaluator also 
provides a signal to the receiver in the receiving unit to 
change its reception frequency to match the neW transmis 
sion frequency in the chest unit. The receiving unit also 
contains an input terminal by Which the user can directly 
initiate a change in transmitter/receiver frequency, or can 
block an automatic change of frequency in the chest and 
receiving units. For example, the user may sense that the 
external condition Which is causing an error in the received 
encoded signal Will soon cease so that it is not necessary to 
change frequency. Another situation Where a user may Want 
to prevent a frequency change is Where there are multiple 
users in close proximity. Rather than have everyone’s moni 
tor change frequency, some monitors can be held at ?xed 
frequencies While other monitors change frequency. 

[0025] This design Will overcome most of the limitations 
of the currently available Wireless heart monitors. Addition 
ally, it Will compensate for minor errors and enable the user 
to avoid certain error sources by purposely changing the 
transmission frequency. Of course, the user can alloW the 
monitor to automatically change frequencies. Since the 
range of the human heart rate is fairly restricted, this design 
alloWs the detection of uncorrectable errors by taking into 
account the elapsed time betWeen tWo successful data trans 
missions. Since it is highly improbable that the Wrist unit 
Will receive the correct identi?cation pattern from a source 
other than the associated chest unit, the user can have a very 
high level of con?dence in the accuracy of the displayed 
heart rate. This is accomplished even though the chest and 
receiving units are separate from one another and commu 
nication therebetWeen is via Wireless transmission. 

[0026] The invention uses the improved monitor to control 
exercise equipment in response to a measured biomedical 
function such as heart rate. The receiving unit is located on 
the exercise equipment and provides a control signal to 
change (increase or decrease) or maintain the resistance 
offered to the user by the exercise equipment. This resistance 
is changed in accordance With the measured heart rate (for 
exp in a continuous manner to provide an exercise Workout 
including Warm-up, cool-doWn and sustained aerobic exer 
cise. 

[0027] Memory means and a microprocessor are used to 
maintain an up-to-date pro?le of the exercising person and 
to continuously regulate the resistance of the equipment in 
accordance With the user’s instantaneous heart rate. Identi 
?cation means alloWs the user to identify himself or herself 
to the exercise equipment in order to have the equipment 
access the proper exercise pro?le from memory. Additional 
memory is provided to alloW the user to enter a different 
exercise pro?le if it is not desired to use the exercise pro?le 
already stored in memory. An input control to the micro 
processor alloWs the user to override any pro?le control that 
the microprocessor Would usually select. 



US 2002/0038094 A1 

[0028] The invention is most useful in the case of personal 
use equipment Which allows the user to have complete 
mobility While undergoing heartbeat monitoring. The vari 
ous components of the chest and Wrist units are easily 
provided by knoWn microelectronic integrated circuit chips 
that can be packaged together in small volume and battery 
operated. The major use of this monitor Will be for continu 
ous display during personal activities by an individual, 
including exercise, biofeedback, and general health moni 
toring. In these activities Wireless transmission Will be over 
a relatively short range, particularly if both the transmitter 
and receiver units are Worn or if the receiving unit is located 
in the exercise equipment. 

[0029] These and other objects, features, and advantages 
Will be apparent from the folloWing more particular descrip 
tion of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a schematic illustration of the heart rate 
monitor of the present invention, shoWing the chest unit 
(transmitting unit) and the Wrist unit (display) Which 
receives the signal from the chest unit via a Wireless trans 
mission and displays the heartbeat of the person being 
monitored. 

[0031] FIG. 2 shoWs a typical ECG signal and the train of 
digital pulses representing each of the analog pulses in the 
ECG signal. 

[0032] FIG. 3A shoWs a typical format of the encoded 
digital signal Wirelessly transmitted from the chest unit to 
the Wrist unit, this digital signal consisting of a synchroni 
Zation part, an identi?cation part unique to this particular 
chest monitor and a data part unique to the person’s heart 
beat. 

[0033] FIG. 3B represents a sequence of bits correspond 
ing to the data part of the outgoing digital signal from the 
chest unit (FIG. 1) Where each data part is represented as a 
tWo-bit binary code in this example. 

[0034] FIG. 4 is a schematic illustration of the chest unit 
in more detail, shoWing the various components of this unit. 

[0035] FIG. 5 is a schematic illustration of the Wrist unit 
in more detail, shoWing the components comprising this 
unit. 

[0036] FIG. 6 is a schematic illustration of a modi?ed 
chest unit, Where the encoded digital signal represents the 
full heartbeat rate. 

[0037] FIG. 7 schematically illustrates the use of this 
inventive monitor to control exercise equipment in accor 
dance With a user’s heart rate. 

[0038] FIG. 8 shoWs the various components of the 
receiver-controller unit in the exercise equipment depicted 
in FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] The practice of this invention Will be represented 
by the example of a heartbeat monitor, Where it is desired to 
accurately measure heartbeat and to provide a technique 
Which eliminates many of the errors found in the use of 
presently available Wireless heartbeat monitors, particularly 
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those of the portable type adapted to be used by people 
undergoing exercise, biofeedback etc. Such problems gen 
erally relate to interference effects that can occur if tWo 
Wireless heartbeat monitors are operating in close proximity 
to one another, noise attributable to sources other than 
another heart monitor, confusion betWeen received signals 
Wherein the heartbeat being displayed may not be that of the 
person being monitored and situations Where the user Would 
be unaWare that the displayed heartbeat is inaccurate. 

[0040] FIG. 1 schematically represents the heartbeat 
monitor 10, Which is comprised of a chest unit 12 (trans 
mitting unit) and a complementary Wrist unit 14 (receiving 
or display unit). Wireless transmission over a plurality of 
frequency ranges can occur from chest unit 12 to Wrist unit 
14, as represented by the arroWs 16. Wireless transmission 
from the Wrist unit 14 to the chest unit 12 is used to correct 
transmission errors but usually over only a single frequency 
as represented by the single arroW 17. As Will be described 
later, Wireless transmission from the display unit 14 to the 
chest unit 12 Will occur When it is desired to change the 
transmission frequency from the chest unit. This can be done 
either automatically or on command by the user. In practice, 
the transmitter of the chest unit is frequency matched to the 
receiver in the Wrist unit so that an encoded digital signal 
Wirelessly transmitted from the chest unit 12 Will be cor 
rectly received by the Wrist unit 14. 

[0041] FIG. 2 illustrates a typical ECG signal 18 from a 
person being monitored, and the digital pulse train 20 
corresponding to the ECG signal. Each digital pulse corre 
sponds to the onset of a positive slope portion 22 of the 
analog pulses forming the ECG signal train 18. As an 
alternative, each digital pulse can correspond to another 
portion of the analog pulses, such as the peak of each pulse. 
In the present invention, the ECG signal is digitiZed prior to 
Wireless transmission from the chest unit 12 to the Wrist unit 
14. The purpose of this apparatus is to monitor heartbeat and 
therefore it is sufficient to transform the ECG signal into a 
digital pulse train. The particular characteristics relating to a 
person’s ECG signal are not of importance in the present 
invention. 

[0042] Prior to the transmission of a digital signal from 
chest unit 12 to Wrist unit 14, the digital signal is given a 
speci?c binary identi?cation sequence. 

[0043] Further, the individual digital pulses in the pulse 
train 20 are each encoded into m bits. A sequence of digital 
pulses Will therefore result in a sequence of these m bit 
signals. This sequence is predetermined and is knoWn to the 
Wrist unit 14. A certain bit sequence can precede the iden 
ti?cation portion With the encoded digital signal to facilitate 
synchroniZation of the transmitter and receiver. FIG. 3A 
shoWs a typical format of the encoded digital signal trans 
mitted from the chest unit 12 to the Wrist unit 14 Where the 
signal is comprised of a 3 bit synchroniZation part, an 8 bit 
identi?cation part and a tWo bit data part. FIG. 3B shoWs a 
sequence of four digital pulses represented by a code having 
tWo bits per pulse, i.e., m=2. In this sequence, the ?rst 
encoded group 00 represents the ?rst digital pulse, the 
second encoded group 01 represents the second digital 
pulse, the third encoded group 11 represents the third digital 
pulse, and the next encoded group 10 represents the fourth 
digital pulse. This pattern, and its order, Will be used each 
time the ECG signal is sampled and encoded. The pattern 
and its order Will be changed if m is changed. 
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[0044] In operation, it is possible that a transmission error 
can occur. Sometimes these errors are only transient, in 
Which case the last display reading Will be maintained. It can 
also be the situation that the errors continue to occur due to 
interference from some outside source (such as an adjacent 
heartbeat monitor) Where the errors are for example, missing 
bits during repeated transmissions. Since the Wrist unit 14 
knoWs the predetermined code for the data portion of the 
signal, the missing of up to 2m—1 continuous signals Will be 
immediately noticed and the missing signals can be 
accounted for. If too many signals (>2m—1) are missing and 
therefore the interference is not a transient one, the fre 
quency of the transmitter and receiver Will be changed 
automatically. This can also be done on demand by the user. 
Thus, encoding of the digital pulse train 20 to include an 
identi?cation part and a data part enables the receiving unit 
to accept only those signals sent from the associated chest 
unit and to detect and correct errors in the data part corre 
sponding to the person’s heartbeat. Details of hoW this 
occurs Will be explained With respect to the apparatus of 
FIG. 4 (chest unit) and FIG. 5 (Wrist unit). 

[0045] Heartbeat Monitor Technique 

[0046] This section Will describe in general terms the 
technique of the present invention in Which heartbeat moni 
toring is achieved in an advantageous manner. In a ?rst step, 
a person’s ECG signal is detected and then suf?ciently 
ampli?ed. This ampli?ed signal is transformed into a digital 
pulse signal Which can be used to initiate the Wireless 
transmission of an encoded digital signal from the chest unit 
12 to the Wrist unit 14. The digital signal being transmitted 
includes an identi?cation part and a data part as illustrated 
in FIG. 3A. The transmitted encoded data signal is received 
by a complementary receiver in Wrist unit 14 and trans 
formed therein back into the encoded digital signal. The 
resulting digital signal is separated into its identi?cation part 
and its data part. Wrist unit 14 veri?es the identi?cation 
sequence to determine that the received signal is from the 
proper chest unit. If not, the signal is not accepted. If the 
identi?cation step is satis?ed, the data portion of the 
received signal is then checked to see Whether it has the 
expected value. If the expected value is present in the 
received signal, then the display portion of the Wrist unit is 
updated. Some or all of the data can also be stored in a 
memory contained in the Wrist unit. As an option, the data 
can be ?rst sent to the memory prior to being displayed. 

[0047] The data portion of the transmitted encoded signal 
can represent a full heartbeat rate, or just a portion of it. For 
example, the number of ECG pulses in a 3-second interval 
can be represented. If this number is multiplied by 20, the 
approximate heartbeat rate in beats per minute Will be 
knoWn. This calculation can be done in the receiver unit or 
in the transmitter unit if the full heartbeat rate is to be 
transmitted to the receiver. 

[0048] If the full heartbeat rate is transmitted, then less 
transmissions Will be needed. In turn, this means that there 
Will be less likelihood of interference from other sources and 
less poWer Will be consumed. Of course, the number of 
transmissions in a given time from the transmitter to the 
receiver can be determined as a design parameter in accor 
dance With considerations such as poWer, likelihood of 
interference, clocking requirements, etc. Various coding 
schemes are Well knoWn for selecting the number of ECG 
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pulses to sample and the sampling repetition rate. In the 
practice of this invention, any of these knoWn coding 
schemes, or a different one, can be chosen. 

[0049] If the sequence of bits forming the data portion of 
the received signal is not maintained in the expected 
sequence, an error has occurred and the number of missing 
digital pulses is determined. These missing digital pulses are 
assumed to be evenly distributed in a corresponding time 
range and the display Will be updated and/or the data Will be 
stored in memory together With some annotation about the 
error. 

[0050] In this embodiment, the occurrence or a certain 
number of errors (>2m—1) Within a given time frame means 
that the indicated heart beat rate Will be unreliable. This Will 
result in an automatically generated request for a frequency 
sWitch that is initiated in the Wrist unit 14. This request for 
a change in transmission frequency can be blocked by the 
user or can be initiated on demand by the user. For example, 
the user may see that he or she Will be in the presence of 
others using heartbeat monitor devices or maybe near exer 
cise or other types of equipment Which Would interfere With 
the signals being transmitted from the chest unit. Knowing 
that such an interference may occur and may extend for a 
period of time, the user may Wish to change the transmission 
frequency in order to avoid problems. Alternatively the user 
may recogniZe that any interference Will be only transient, 
and therefore may Wish to block a frequency change. In 
actual use, most persons Would alloW the monitor to auto 
matically adjust. The amount of errors that Will trigger a 
frequency change is a parameter that can be varied, accord 
ing to the logic incorporated in the monitor. 

[0051] If a change in transmission frequency is needed, a 
digital signal (frequency change signal) Will be sent via 
Wireless transmission from the Wrist unit to the chest unit. 
This digital signal can include an identi?cation part and a 
data part Which speci?es the neW transmission frequency. 
The identi?cation part of this digital signal alloWs the chest 
unit to knoW that the frequency change signal has been sent 
from the associated Wrist unit and is therefore a correct 
command to change frequency. At the same time, the Wrist 
unit changes the frequency of the receiver in this unit to 
match the neW transmitter frequency of the chest unit 12. 
The transmission path from the Wrist unit 14 to the chest unit 
12, commanding a neW transmission frequency, is not often 
used. HoWever, once it is used the probability of a correct 
transmission must be high. For these reasons, it is preferable 
that there be only one possible transmission frequency for 
this path and that this transmission frequency be different 
from the frequencies used on the main transmission path, 
i.e., the transmission frequencies normally used to transmit 
the encoded digital signals from the chest unit to the Wrist 
unit 14. As a further measure to increase the reliability of the 
second transmission path from the Wrist unit 14 to the chest 
unit 12, the poWer of the frequency change signal from the 
Wrist unit to the chest unit is higher than the poWer normally 
used for the transmission of encoded digital signals from the 
chest unit 12 to the Wrist unit 14. This ensures that the 
necessary frequency change in the main transmission path 
Will be made. 

[0052] The folloWing description Will detail the compo 
nents comprising the chest unit 12 and the Wrist unit 14, 
Which together comprise the heartbeat monitor 10. 
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[0053] Chest Uiiit (FIG. 4) 
[0054] FIG. 4 shows the various components of chest unit 
12 Which are used to detect an ECG signal, amplify that 
signal and digitize it, encode it into an identi?cation portion 
and a data portion, and then to Wirelessly transmit it to Wrist 
unit 14. The chest unit also includes means for receiving a 
frequency change signal from the Wrist unit that Will trigger 
a change in transmission frequency of the outgoing signals. 

[0055] In more detail, chest unit 12 is typically carried on 
the breast of the target person such that this person’s ECG 
signal 18 can be received by the input electrode terminals 
24. These terminals 24 can be a part of the chest unit or the 
chest unit can be designed so that any sensor for detecting 
a biomedical response can be plugged into it. The ECG 
signal 18 is then ampli?ed in a differential ampli?er 26, 
producing the ampli?ed signal represented by arroW 28. 
Ampli?ed signal 28 is transformed into a digital pulse train 
20 (FIG. 2) in the comparator 30, Which has hysteresis. This 
hysteresis feature prevents the generation of more than one 
digital pulse from one heartbeat, due to outside disturbances 
of any type. The correlation betWeen the ECG signal 18 and 
the digital pulse signal 20 Was described With respect to 
FIG. 2. 

[0056] The digital pulse signal 20 is sent directly to the 
transmitter 37 via line 32, and is also sent to an encoder 
means 34 via interconnection line 36. The rising ?ank of a 
digital pulse Will trigger transmitting means 37 to Wirelessly 
transmit an encoded electromagnetic signal 16 to a receiving 
means in the Wrist unit 14. The rising ?ank of a digital pulse 
also triggers encoder 34 to provide the synchroniZation part, 
the identi?cation part and the data part of the encoded digital 
signal represented by arroW 38 Which is transmitted by the 
transmitting means 37. The digital pulse on line 32 is used 
only as a clock or timing pulse. Line 32 can be eliminated 
in an alternative design Wherein clocking is internal in 
transmitter 37 or is provided by a portion of the encoded 
signal from encoder 34. 

[0057] Encoded digital signal 38 is shoWn in FIG. 3A, 
While a sequence of signals corresponding to the encoded 
data portion is shoWn in FIG. 3B. Every digital pulse in 
pulse train 20 (FIG. 2) results in advancing one step in the 
cycle of the encoded data signals. Therefore, FIG. 3B 
illustrates a pulse sequence corresponding to four digital 
pulses in the pulse train 20. Only a small and predetermined 
number of encoded signals must be transmitted by trans 
mitting means 37. 

[0058] Chest unit 12 also contains a receiver 40 and a 
comparator 42, termed a signal evaluator. Units 40 and 42 
are used to receive a frequency change signal from Wrist unit 
14 indicating that a transmission frequency change is 
required, and to thereby provide a signal to the transmitter 
37 to achieve this. In more detail, if errors beyond a given 
bound are noted in the data portion of the incoming digital 
signals in the Wrist unit 14, a transmitted frequency change 
signal 17 Will be Wirelessly sent to chest unit 12 and is 
received by the receiver 40. This received signal contains the 
binary identi?cation pattern unique to this heartbeat monitor 
and a data portion Which Will trigger a change in frequency. 
In this embodiment, chest unit 12 need not be equipped With 
error detection and correction means. It is only necessary 
that the data portion of the frequency change signal indicate 
that a neW transmission frequency is desired. The data 
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portion can also specify this neW frequency or logic in signal 
evaluator 42 can specify the neW frequency range over 
Which the encoded digital signals Will be sent. 

[0059] The frequency change signal is sent to the com 
parator 42 (signal evaluator) Which compares the coded 
identi?cation pattern in the received digital signal With the 
coded identi?cation pattern for this heartbeat monitor 10. As 
noted, this identi?cation pattern is unique to this heartbeat 
monitor. If the comparison shoWs that the identi?cation 
portion of the incoming signal matches that for this heartbeat 
monitor, comparator 42 Will determine the neW transmission 
frequency from the data portion of the received signal and 
Will generate a digital frequency select signal 44 that is sent 
to the transmitter 37. As Will be explained later, a signal 
evaluator in the Wrist unit Will provide a corresponding 
signal to the receiver therein in order that the reception and 
transmission frequencies Will be matched. 

[0060] Wrist Unit 14 (FIG. 5) 

[0061] FIG. 5 illustrates the components Which make up 
the Wrist unit 14 (display). This unit provides the general 
functions of receiving the encoded digital signal represent 
ing a person’s heartbeat, comparing the identi?cation por 
tion of the encoded signal to the inappropriate reference 
identi?cation pattern, and displaying and/or storing the data 
representing this heartbeat. Another function that is accom 
plished is a check of the data portion of the encoded signal 
to determine if any errors therein are Within an acceptable 
bound or, if they are not, generating a signal to change the 
transmitter frequency as Well as the frequency of the 
receiver in the Wrist unit. As noted, this error detection and 
correction means takes into account transient errors Which 
do not repeat and for Which a frequency change is not 
required as Well as persistent errors Which necessitate a 
change in transmission frequency in order to provide accu 
rate data transmission. In this continuation-in-part applica 
tion, the “Wrist” is located in the eXercise equipment and is 
used to control the part of the equipment Which regulates the 
resistance offered to the user. 

[0062] In more detail, Wrist unit 14 contains a receiver 46 
for receiving the encoded digital signals 16 from chest unit 
12, a comparator or signal evaluator 48 for analyZing the 
received encoded signals, a memory unit 50 in Which data 
representing heartbeat can be stored, a display unit 52 for 
displaying to the user his or her heartbeat, and a transmitter 
54 for the Wireless transmission of frequency change signals 
to the chest unit in order to change the frequency of 
transmission. 

[0063] The electromagnetic signal 16 is received by 
receiver 46 and transformed into a digital signal that is sent 
to the comparator 48. This digital signal is identical to the 
outgoing digital signal transmitted from chest unit 12 to 
Wrist unit 14. In the comparator 48, the received digital 
signal is separated into its identi?cation part and its data 
part. The identi?cation part of the signal is compared to the 
preset and unit-speci?c identi?cation unique to this heart 
beat monitor. If the identi?cation part of the incoming signal 
does not match the reference identi?cation part, the incom 
ing signal is ignored. If there is a match, comparator 42 then 
checks Whether the data portion of the incoming signal is in 
the proper pattern order shoWn for example, in FIG. 3B for 
a situation in Which m=2. If the data bit sequence matches 
the reference sequence, then the transmission from the chest 
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unit 12 to the Wrist unit 14 Was error free and the necessary 
signal evaluation can be done. This means that the informa 
tion can be sent directly to display 52 and/or stored in 
memory 50. 

[0064] If the data portion is not the expected pattern, the 
number of missing patterns is determined. This number also 
gives information about the severity of the transmission 
error. The necessary approximations to compensate for this 
error are then done in the signal evaluation unit 48 in order 
to compensate for the error. For example, if only one bit is 
missing from the expected pattern, the signal evaluator 
Would have built-in logic that Would provide the bit so that 
the heartbeat rate corresponding to that data pattern Would 
be displayed. If the error is a major one but does not repeat 
itself, the signal evaluator Will cause the last displayed 
heartbeat rate to remain displayed. 

[0065] If the occurrence of transmission errors is beyond 
a given bound then the signal evaluator unit Will automati 
cally generate a frequency change signal 56. This signal Will 
be sent to the transmitter 54 for Wireless transmission 
(represented by arroW 17) to the receiving means 40 in chest 
unit 12 (FIG. 4). The selection of the neW transmission 
frequency takes into account the recent history of transmis 
sion failures for the various frequencies. This can be done by 
a table look-up feature in signal evaluator 48 Where the 
number of transmission errors is stored for each of the 
transmission frequencies. Signal evaluator 48 also provides 
a frequency change signal 58 to the receiver 46. This enables 
receiver 46 to have a receiving frequency matching that of 
the new frequency used in the transmitter 37 (FIG. 4). 

[0066] As an alternative, the user can use input terminal 
60, Which is connected to the signal evaluator 48, in order to 
either block the change of frequency or to initiate a change 
in frequency. 

[0067] Normally a change(s) in transmission frequency 
Will provide accurate data to the receiving unit. HoWever, if 
the monitor detects errors that continue to occur after several 
frequency changes, the internal logic in the monitor Will 
prevent the further display of heartbeat rate (blank screen), 
and/or Will provide an alarm signal. In this Way, the user is 
not fooled by the display of an inaccurate heartbeat as occurs 
With presently available monitors. 

[0068] The data evaluation leading to information for 
updating the display can be sent to the memory 50 besides 
being entered into the display 52. Later this stored data can 
be displayed in the display 52. Microprocessor 62 Would 
control the How of heartbeat data from memory 50 to display 
52. Display 52 can be of the visual type such as an LCD 
display and/or can be audible, as for example an alarm or 
other sound representing a heartbeat count. 

[0069] The transmitter receiver pair 37-46 can communi 
cate on several frequencies and uses a relatively loW poWer 
signal in order to preserve battery life. The transmitter 
receiver pair 54-40 communicates on only one frequency 
and uses a relatively high poWer signal, in a preferred 
embodiment. This takes into account that the transmitter 
receiver pair 37-46 is in constant use and that hardWare is 
provided for error detection and correction. In contrast, the 
transmitter-receiver pair 54-40 is only rarely used and the 
monitor 10 has no error detection/correction facility With 
respect to the encoded signal representing a frequency 
change selection. 
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[0070] The transmitter 54 Will continue transmitting an 
electromagnetic signal 17 until a correct electromagnetic 
signal 16 is delivered by transmitter 37 to receiver 46 in the 
Wrist unit. If for some reason this synchroniZation fails, the 
user can synchroniZe the chest and Wrist units by external 
means. 

[0071] FIG. 6 illustrates a modi?cation of the transmitter 
unit Which is particularly adapted for Wireless transmission 
of the full heartbeat rate. The same reference numerals Will 
be used in this ?gure as Were used in FIG. 4, for components 
having the same or similar functions. Of course, the unit of 
FIG. 4 can also be used to encode and transmit the full 
heartbeat rate. 

[0072] In more detail, the transmitter of FIG. 6 includes 
the ampli?er 26, comparator 30, encoder 34, transmitter 37, 
receiver 40 and signal evaluator 42 shoWn also in FIG. 4. 
HoWever, a timer 64 is noW used to trigger the transmitter 37 
for Wireless transmission of the encoded digital signal from 
encoder 34. In this embodiment, a data check circuit 66 is 
used to enable error detection and correction of the encoded 
digital signal prior to its being transmitted to the receiver 
unit. For example, this can be done by use of a parity bit. 
This helps to ensure accuracy if the entire heartbeat rate is 
to be transmitted, particularly if the heartbeat rate is not 
transmitted at a high repetition frequency, i.e., if there is a 
long time duration betWeen each Wireless transmission of 
heartbeat rate. The receiver unit of FIG. 5 can be used to 
receive and evaluate the full heartbeat rate sent by the 
transmitting unit. 

[0073] Many different types of encoding can be used to 
represent the identi?cation and data portions of the trans 
mitted signals. Also, the rate of sampling of the ECG pulses 
can be varied, as can the repetition rate at Which Wireless 
transmissions of the encoded digital signal are made. The 
frequency change signal used to trigger a neW transmission 
frequency can be transmitted over a multiple frequency 
range rather than over a single selected frequency. The 
frequency ranges used in the main transmission path can be 
chosen by the designer in accordance With knoWn principles 
of Wireless transmission, Which in personal use monitors is 
of a short range. 

[0074] As noted, the principles of digitiZation of the 
transmitted heartbeat signal, transmission frequency 
changes, and signal encoding to ensure the accuracy of the 
communicated results are used to provide personal use 
monitors far superior to those presently being marketed. 
HoWever, such principles may be applied to other than 
personal use monitors. It is recogniZed, though, that the 
provision of such features is unique in a Wearable heartbeat 
monitor Where the monitor includes a Wearable transmitting 
unit and an associated display unit. These features are also 
unique to monitors Where the display (receiver) unit is 
located on exercise equipment or is a small unit that can be 
placed in a suitable location for vieWing by the user. Such 
units are distinguishable from large hospital units Wherein a 
central computer is used to coordinate a multiplicity of 
transmitting and/or display units. 

[0075] While the monitor has been illustrated in an 
embodiment thereof for monitoring heartbeat rate, it Will be 
understood by those of skill in the art that a signal indicative 
of another physical condition can be monitored. For 
example, an acoustical sensor can detect a pulse or a 
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thermometer sensor can detect a temperature. This type of 
monitor can be applied to measure and display any type of 
life function, in persons or animals. Additionally, Wireless 
monitors for measuring physical conditions other than life 
functions can utiliZe the principles of error detection and 
correction described herein. 

[0076] While it has been mentioned that the display 
(receiver) unit can be located on exercise equipment, the 
monitor can be used for controlling intensity and type of 
Workout on exercise equipment based on continuously 
monitoring a body response of the target person. For 
example, the exercise equipment can be programmed to 
receive a continuous heart rate response of the target person 
and then adjust the intensity (such as resistance) of the 
exercise to maintain the person’s heart rate Within a prese 
lected range. 

[0077] The monitor of this invention is particularly suit 
able for use With exercise equipment since it is insensitive to 
the closeness of other exercise equipment, motors Within the 
equipment being used by the person, and other closely 
located monitors operating on the same or close frequency 
ranges. This alloWs the receiver-display unit to be located 
anyWhere on the exercise equipment Without concern for 
interference effects Which Would yield the Wrong heart rate 
and correspondingly provide an incorrect Workout. 

[0078] It is Well knoWn that exercising in a correct amount 
plays an essential role in any effort to ?ght cardiovascular 
disease and certain forms of cancer. HoWever, the best result 
can only be achieved When the correct Way of exercising is 
selected. In the past, this has led to certain rules of thumb 
such as exercising at 70% of the maximum heart rate, Where 
the maximum heart rate is given by the expression (220 
minus age). In order to obtain this, a constant monitoring of 
the heart rate during exercise is required and there must be 
an adaptation of the intensity level of the exercise based 
upon the heart rate. As the heart rate of a person depends on 
a variety of daily factors such as sleep, diet, health etc., it is 
not suf?cient to determine the best type and intensity of 
exercise for a person only one time, e.g., in a doctor’s of?ce, 
and then stay With this level over a long period of time. 
Additionally, the training effect of exercise itself leads to a 
gradual shift in the exercise level Which is best suited for the 
individual. 

[0079] Until only recently, the control of the intensity level 
of the exercise equipment Was left completely to the exer 
cising person. Even When the person had an accurate heart 
monitor he/she still had to adjust the intensity of the exercise 
according to the reading on the monitor. Only in closely 
supervised programs such as those undertaken by profes 
sional athletes or persons in a cardiac rehabilitation program 
Was this task taken over by a trainer or a doctor. 

[0080] Since exercise equipment is noW used in many 
forms of exercise activities, it is appropriate to incorporate 
some means of exercise level control into the equipment. A 
?rst step has been done by some companies Which offer 
exercise bikes alloWing the constant measurement of heart 
rate as long as the exercising person touches tWo electrodes 
With his/her hands. The measured heart rate is then used by 
the bike control circuit to increase or reduce the resistance 
of the bike in order to keep the heart rate of the target person 
Within a selected range. 

[0081] Although this type of exercise bike is certainly a 
step in the correct direction, this equipment has several 
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signi?cant disadvantages. While it may be someWhat incon 
venient, a target person can probably be convinced to keep 
a ?rm grip on the handles of the exercise bike. HoWever, this 
technique cannot be used for other kinds of exercise equip 
ment such as treadmills or stairclimbers, Where a constant 
contact of the skin With electrodes on the equipment cannot 
be guaranteed. It is also doubtful that this technique can be 
generaliZed to be used for measuring other body responses, 
such as blood pressure. Further, this type of heart monitoring 
does not alloW for Warm-up and cool-doWn phases Which are 
essential in the design of proper exercise. In some cases, 
doctors Will even suggest that for persons With limited 
available time that the exercise should consist only of a 
Warm-up and cool-cloWn phase. In such an event, the 
aforementioned exercise bike Will not provide the proper 
Workout. 

[0082] As the heart rate is supposed to change during the 
phases of Warm-up, aerobic Workout, and cool-doWn, a more 
complex control mechanism is necessary than for a phase in 
Which a constant target heart rate is sought. Further, in an 
exercise bike, like in many other exercise equipments, there 
are often multiple parameters Which determine the intensity 
of the exercise. For the exercise bike, these parameters are 
the pedal speed and the resistance. In presently available 
exercise bikes, only the resistance is controlled by the heart 
rate. Still further, these exercise bikes cannot keep track of 
the exercise history of the target person and take this into 
account in deriving the best exercise type and level. 
Although the heart rate has a very short response time to a 
change in exercise intensity, this may not be the case for 
other body responses. If there is a signi?cant delay betWeen 
a change in the exercise intensity and a corresponding 
change of the body response, this must be anticipated by a 
more complex control algorithm; that is, the exercise equip 
ment control should not be restricted to a feedback type 
regulation but should also incorporate a feed-forWard con 
trol in Which the equipment parameters are adjusted ahead of 
time in order to eliminate excess overshoots and undershoots 
of the measured body response. 

[0083] There are also some exercise bikes being marketed 
Which use Wireless monitors to measure heart rate of the 
exercising person and to use that heart rate to adjust the 
exercise Work load. In some instances, different exercise 
programs can be incorporated into the equipment, Where 
these programs have predetermined resistance levels to 
simulate hills or ?at terrain. 

[0084] FIG. 7 schematically illustrates the use of this 
monitor With exercise equipment, in this case an exercise 
bike. The transmitter unit of the monitor is located on the 
person While the receiver unit is located on the exercise 
equipment. The receiver includes a display Which indicates 
the biomedical response, such as heart rate, and also pro 
vides an electrical signal for controlling one or more exer 
cise parameters, such as pedal rate and resistance. In FIG. 
7, the transmitter unit 12 provides a digitally encoded signal 
16 in a Wireless manner to the receiver 14, Which is coupled 
to the display and controller in the exercise bike 70. 

[0085] The use of a Wireless transmission ensures that the 
user Will not be constrained in his freedom of body move 
ments regardless of the type of exercise equipment that is 
employed. The features of error detection and error correc 
tion, together With the means for changing transmission 
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frequency allow accurate heart rates to be transmitted even 
in rooms Which are crowded With exercise equipment or 
With numerous people Wearing heart rate monitors. 

[0086] It is desirable that the exercise pro?le of the present 
exercise be derived from an input from the user. An already 
stored history of this speci?c user and the baseline of the 
user’s body response Will provide more appropriate exer 
cise. Of course, the user can also override this feature and 
enter his oWn pro?le. In this invention, the Whole exercise 
pro?le including the Warm-up and cool doWn and any other 
interval portions are continuously adjusted depending upon 
the measurement of the body response. 

[0087] The receiver-controller unit on the exercise equip 
ment is operated in response to the measured biomedical 
function, such as heart rate. As different parameters of the 
exercise equipment may employ different muscle groups, 
the composition of the parameter selection Will depend on 
the exercise history of the target person. For example, both 
arms and legs may be subject to different exercises, each of 
Which Will affect heart rate. 

[0088] For each exercise run, key characteristics of this 
run Will be stored in memory and used to re?ne the exercise 
pro?le of the same person. Since this requires a technique to 
distinguish betWeen different persons using the exercise 
equipment, identi?ers are used as are used With the digitally 
encoded signal (i.e., the identi?cation portion). 

[0089] A microprocessor in the exercise equipment Will 
take into account the present and previous heart rates of the 
person and make these rates subject to a Weight function in 
order to give the most consideration to most recent heart 
rate, but not to disregard the previous heart rates. For 
instance, the same present heart rate must result in different 
actions if it is a sudden increase over the previous heart rates 
or if it is the same as the previous heart rate or even a decline 
in heart rate. After the exercise run, the key characteristics 
of the run are extracted and stored in a memory of the 
equipment to be available for future exercise activity of the 
same person. 

[0090] FIG. 8 shoWs the various components of the 
receiver-controller unit. This unit can include the various 
components shoWn on FIG. 5, Where FIG. 8 shoWs the 
receiving means 46 for receiving the digitally encoded 
signal 16 from the transmitting unit 12. Although it is not 
shoWn in FIG. 8, the receiver/controller unit Would include 
the transmitter 54 (FIG. 5) used to change frequency if there 
is excess interference. The functions of the other compo 
nents (signal evaluator 48, memory 50, display 52, input 
terminal 60, and microprocessor 62 of FIG. 5) are provided 
by the components shoWn in FIG. 8. 

[0091] Microprocessor 72 is a major component of the 
receiver-controller and provides the logic, signal recognition 
and identi?cation, and instructions to the exercise parameter 
control unit 74 for controlling the exercise intensity in 
accordance With a desired exercise pro?le based on the 
target person, the type of exercise to be undertaken, and the 
time period for the exercise. 

[0092] A magnetic strip reader 76 is used as an identi? 
cation means in order to identify the target person. Other 
forms of identi?cation could also be used, including a 
keyboard entry of a coded identi?er. The purpose of this 
component is to identify the exercising person to the equip 
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ment so that the receiver in the receiver-control unit Will be 
synchroniZed With the transmitting unit assigned to that user. 
Further, the use of an input device, such as a magnetic strip 
card Which can be read by reader 76, enables a person to load 
his or her personal data into an internal memory 78 so that 
a proper pro?le can be assigned by microprocessor 72. It 
may be that the internal memory 78 already has stored 
information relative to that user Which can be directly 
implemented by the microprocessor 72 in establishing the 
exercise parameter control unit 74 for a particular resistance, 
pedal speed, elevation, etc. depending upon the type of 
exercise equipment to be used (exercise bike, stairclimber, 
etc.). 
[0093] Aconsole input 80, such as a keyboard mechanism 
or remote control, is also electrically connected to the 
microprocessor 72. The console input unit 80 alloWs the user 
to manually control the exercise parameters he/she Wishes to 
employ, thereby overriding the pro?le control that the micro 
processor 72 Would normally adopt. Console input 80 alloWs 
the user to deviate from programmed control of the exercise 
equipment at any time depending on personal needs and 
desires. 

[0094] Console display 82 receives inputs from micropro 
cessor 72 and displays the person’s heart rate. Displays are 
also for indicating exercise parameters such as pedal speed, 
resistance, elevation, etc., as Well as time, height, Weight, 
age etc. In a normal program, one third of the complete 
exercise time Would be used for Warm-up and one third 
Would be use for cool doWn. The remaining one third Would 
be used to provide an exercise regimen at the desired heart 
rate, Which could, for example, be at an aerobic rate (about 
70% of the desired maximum heart rate for that individual. 

[0095] Internal memory unit 78 contains stored programs 
for the operation of the microprocessor, including those 
programs Which enable it to analyZe the incoming digitally 
encoded signal in order to read the identi?cation part, error 
correction part, and heart rate data portion, as described 
previously. Memory 78 also provides storage of data of the 
user at that time, including the user’s previous Workout data. 
The advantage of internal memory 78 is that it enables the 
receiver-controller unit to recogniZe the past performance of 
a person in order to better control ?uctuations that might be 
seen When a neW exercise program starts. In this manner, the 
microprocessor 72 Will not call for radical changes of the 
exercise parameter control 74 due to nonsigni?cant changes 
in heart rate. For example, it may be that a person’s heart rate 
jumps to a high level very quickly in the Warm-up phase of 
exercise, and thereafter stabiliZes. Having this data in inter 
nal memory 78 prevents the microprocessor from radically 
decreasing the resistance, etc. of the exercise equipment 
Which Would not provide the proper Warm-up for this type 
of person. Of course, the user can override any prepro 
grammed pro?le by using the console input 80. 

[0096] An external memory unit 84, using for example a 
magnetic or optical disk, provides a universal Way for 
alloWing any piece of exercise equipment to be used by any 
individual. For example, a person can take his/her disk to 
any gym and enter a desired pro?le using the external 
memory unit 84 Which interacts With the microprocessor 72. 
When this is done, there Will be an override of any pro?le 
program from internal memory 78, or the user can elect to 
use a default program stored in internal memory 78. 
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[0097] The following Will noW detail the use of exercise 
equipment operated under control of the receiver-controller 
unit of FIG. 8, Where the biomedical response is illustra 
tively a heart rate as measured and Wirelessly transmitted 
using the monitor of this invention. In operation, the user 
?rst identi?es himself at the console of the exercise equip 
ment prior to the exercise, e.g., by entering a passWord or by 
using the magnetic strip reader 76. If there already exists an 
exercise history ?le for this user, the user is asked to enter 
some information about the exercise Which he/she plans to 
do. This information is entered using the console input unit 
80 and may include the planned exercise time and the type 
of exercise, such as interval training or cardiovascular 
Workout. The user can also override the automatic pro?le 
generation stored in internal memory 78 by entering his/her 
oWn intensity or heart rate pro?le. This can be done, for 
example, by inserting the user’s disk in the external memory 
reader 84. If there is no exercise history ?le for the user in 
internal memory 78 and no stored data is entered using unit 
84, the user is asked to enter various personal data such as 
age, Weight, height, gender etc. These data Will then be 
stored in the exercise history ?le of the user in internal 
memory 78, and Will be used for his/her future exercises. 
The user then receives various default pro?les from Which to 
choose. These pro?les Will include a Warm-up time, a 
cool-doWn period and a period of time in Which an aerobic 
heart rate Will be maintained. 

[0098] The user then attaches the heart rate monitor to the 
appropriate body part, usually the chest, and takes the 
desired position on the exercise equipment Without starting 
exercising. The microprocessor 72 controls Whether a heart 
rate is obtained and Whether the transmission is reliable, that 
is, Whether the heart rate is not ?uctuating in a large range 
or is outside the expected range. If anything unusual is 
registered, the user is asked to take corrective action, such as 
moistening the electrodes of the transmitter unit. The user 
can also override this feature if he/she is convinced that 
everything is ?ne and if the user knoWs that his/her heart rate 
is unusually high or loW. 

[0099] After this, the user is asked to start exercising. The 
?rst short time frame of loW intensity exercise is used for the 
microprocessor 72 to establish a baseline for the user. This 
baseline re?ects the present state of the user and thus 
considers momentary health, possible lack of sleep, diet etc. 
Based on this baseline and on the selected exercise pro?le, 
microprocessor 72 makes a preliminary assignment of exer 
cise parameters to time points during the exercise run and 
the expected heart rate. 

[0100] After these preliminaries, the user starts his/her 
exercise. The heart rate is continuously monitored and 
transmitted to the receiver 46 in the exercise equipment. 
Receiver 46 transfers the data to the microprocessor 72 
Where the integrity of the data is checked. If the data passes 
this integrity check, meaning that no error has been detected, 
the measured heart rate is used to adjust the exercise 
intensity level based on the deviation of the measured heart 
rate from the projected heart rate. If the exercise equipment 
has several parameters to be set, for example pedal rpm and 
resistance in an exercise bike, the user receives a proposed 
value for a parameter that he/she can control. For example, 
the user can set the pedal rpm at 80 rpm While the other 
parameter (resistance) is adjusted by the receiver-controller 
in accordance With the continuously monitored heart rate. If 

Mar. 28, 2002 

it can be detected that the user cannot maintain the suggested 
parameter, the proposed parameter is modi?ed. For example, 
the proposed pedal rpm value can be reduced to 70. If 
microcomputer 72 detects a sequence of errors in the 
received data, it noti?es the user via the console display 82 
that it cannot any longer control the run based on the 
measured heart rate. Microprocessor 72 then gives the user 
the choice to continue the exercise run Without this control 
or to gradually stop the exercise. This operation runs under 
control of instructions received from internal memory 78. If 
the heart monitor senses recurrent errors beyond that Which 
can be corrected by the error detection and correction means, 
a frequency change is used to determine another frequency 
in Which correct Wireless transmission of the correct heart 
rate Will be obtained. 

[0101] After the exercise run, microprocessor 72 Will 
extract the key characteristics of the exercise, such as 
maximum heart rate after a speci?ed exercise time, the 
relevant intensity level, Warm-up and cool-doWn times, and 
baseline values at the beginning and at the end of the 
exercise run. These key characteristics Will be stored in 
internal memory in the exercise history ?le for the speci?c 
user. They can also be Written into an external memory disk 
placed in the receiver-controller external memory unit 84. 

[0102] In contrast With existing equipment, the apparatus 
shoWn in FIGS. 7 and 8 uses a microprocessor and asso 
ciated memories to store background information indicative 
of a particular person, and uses identi?cation means to tailor 
an exercise run to a user’s speci?c pro?le. Further, this 
equipment is based on an instantaneous heart rate measure 
ment at all times, not just on a single set heart rate or on 
preprogrammed times for setting various exercise levels. 
Because the monitor of this invention provides error detec 
tion and correction, and because it has the capability of 
changing frequency in order to eliminate interference 
effects, it can be used on all types of exercise equipment and 
in the presence of many users in the same exercise room. 
That is, the proximity of many users Wearing heart monitors 
and closely spaced motor-driven exercise equipment Will not 
lead to errors. This is particularly important Where the 
exercise run is being controlled throughout its time duration 
in accordance With a continuously monitored heart rate. 
Thus, the use of the monitor of this invention to provide 
continuous control exercise equipment offers several unique 
features and advantages. 

[0103] While this invention has been described With 
respect to particular embodiments thereof it Will be apparent 
to those of skill in the art that variations may be made 
Without departing from the spirit and scope of the present 
invention, Which is to be measured only by the appended 
claims. Body responses other than heart rate, such as tem 
perature, blood pressure etc. can also be used to automati 
cally control exercise using this monitor. 

1. An apparatus for controlled exercise of a user, including 
in combination: 

a transmitting unit for producing an encoded digital signal 
representative of a person’s heart rate, said transmitting 
unit including a transmitter for Wirelessly transmitting 
said encoded digital signal over a ?rst frequency to a 
receiver-control unit, 
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a receiver-control unit located on a piece of exercise 
equipment for control of said exercise equipment in 
response to said user’s heart rate, said receiver-control 
unit including a receiving means for receiving said 
Wirelessly transmitted encoded digital signal and dis 
play means for displaying said person’s heart rate and 
other information, 

a microprocessor located in said receiver-controller unit 
for reading said encoded digital signal and for control 
ling a parameter control means in response to said 
person’s heart rate, 

parameter control means responsive to said microproces 
sor for continuously adjusting a parameter of said 
exercise equipment in response to said person’s heart 
rate, 

identi?cation means located in said receiver-control unit 
responsive to an entry by said user for identifying said 
user, 

?rst memory means for storing a pro?le of heart rate 
response of said user of said exercise equipment, 

input means connected to said microprocessor for 
enabling said user to control said parameter control 
means dependently of said stored pro?le, and 

second memory means coupled to said microprocessor for 
receiving a recording of an exercise program speci?c to 
a particular user. 

2. The apparatus of claim 1, Where said transmitting unit 
includes means for detecting and correcting errors in said 
measured heart rate. 

3. The apparatus of claim 2, further including frequency 
change means for automatically changing the frequency 
over Which said encoded digital signal is transmitted if a 
speci?ed error exists in the encoded digital signal received 
by said receiver. 

4. The apparatus of claim 3, Where said frequency change 
means includes means for Wirelessly transmitting a fre 
quency change signal from said receiver-control unit to said 
transmitting unit When said speci?ed error is determined. 

5. The apparatus of claim 4, further including means for 
enabling said transmitting unit to knoW that said frequency 
change signal is from said receiver-control unit. 

6. An apparatus for exercise based on a human biomedical 
response, including in combination: 

a transmitting unit for producing an encoded digital signal 
representative of a biomedical response of a person, 
said transmitting unit including a transmitter for Wire 
lessly transmitting said encoded digital signal to a 
receiver located on a piece of exercise equipment, 

a receiver located on said exercise equipment for receiv 
ing said encoded digital signal, 

a display means located on said exercise equipment for 
displaying said biomedical response, 

detection means for detecting errors in said received 
encoded digital signal, 

correction means for automatically changing said trans 
mitter and said receiver to provide accurate transmis 
sion therebetWeen, 

11 
Mar. 28, 2002 

a microprocessor for reading said encoded digital signal 
to determine the identity of the person Whose biomedi 
cal response is being measured, 

parameter control means responsive to said biomedical 
response as determined by said microprocessor for 
continuously adjusting a parameter of said exercise 
equipment in response to the biomedical response 
determined by said microprocessor, 

memory means for storing programs for the operation of 
said microprocessor and for storing a pro?le of the 
biomedical response of said user of said exercise equip 
ment, 

input means connected to said microprocessor for 
enabling said user to control said parameter control 
means independently of a pro?le stored in said ?rst 
memory means, and 

second memory means coupled to said microprocessor for 
receiving a recording of an exercise program speci?c to 
said user, said microprocessor controlling said param 
eter control means in response to said recording of an 
exercise program and in response to the continuous 
measurement of said biomedical response in said 
microprocessor. 

7. The apparatus of claim 6, Where said correction means 
includes frequency change means for changing the fre 
quency over Which said encoded digital signal is Wirelessly 
transmitted. 

8. The apparatus of claim 6, further including identi?ca 
tion means for determining that the encoded digital signal 
received by said receiver is from said transmitting unit. 

9. The apparatus of claim 6, Where said biomedical 
response is heart rate. 

10. The apparatus of claim 6, Where said transmitting unit 
is capable of being Worn on a person using the exercise 
equipment. 

11. An apparatus for controlled exercise in response to a 
user’s heart rate, comprising: 

a transmitting unit for producing an encoded digital signal 
representative of a person’s heart rate, said transmitting 
unit including transmitter means for Wireless transmis 
sion of said encoded digital signal to a display unit 
located on a piece of exercise equipment, 

encoding means for producing said encoded digital signal, 
said encoding means being in said transmitting unit and 
producing an encoded digital signal having a ?rst part 
identifying said transmitting unit and a second part 
representative of said user’s heart rate, 

a display unit located on said exercise equipment for 
displaying information representing the user’s heart 
rate, 

a receiving means located on said exercise equipment for 
receiving said encoded digital signal via Wireless trans 
mission from said transmitting unit, 

means for determining if said received encoded digital 
signal is from said transmitting unit, 

frequency change means for changing the frequency over 
Which said encoded digital signal is transmitted from 
said transmitting unit if errors beyond a speci?ed 
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amount occur in said second part of said encoded 
digital signal received by said receiving means, 

a microprocessor for reading said received encoded digi 
tal signal and for providing a signal to a parameter 
control means, 

parameter control means responsive to said signal from 
said microprocessor for continuously adjusting a 
parameter of said exercise equipment in response to the 
measured heart rate of said user, 

memory means located in said exercise equipment for 
storing a pro?le of heart rate response of said user, 

input means connected to said microprocessor for 
enabling said user to control said parameter control 
means independent of said stored pro?le of heart rate 
response, and 

identi?cation means located in said exercise equipment, 
said identi?cation means being responsive to an entry 
by said user identifying said user to said exercise 
equipment. 

12. The apparatus of claim 11, further including additional 
memory means coupled to said microprocessor for receiving 
a recording of an exercise program speci?c to said user. 

13. The apparatus of claim 11, further including error 
detection and correction means located in said transmitting 
unit for ensuring the correctness of heart rate Wirelessly 
transmitted to said receiving means. 

14. The apparatus of claim 13, Where said ?rst memory 
means contains memory for storing information representa 
tive of the person’s most recent use of said exercise equip 
ment. 

15. The apparatus of claim 11, Where said frequency 
change means includes means for Wirelessly transmitting a 
digital frequency change signal from said exercise equip 
ment to said transmitting unit, said frequency change signal 
containing information identifying the exercise equipment 
from Which it is sent. 

16. The apparatus of claim 11, Where said microprocessor 
controls the user’s Warm-up and cool-doWn periods of use of 
said exercise equipment. 

17. The apparatus of claim 11, Where said identi?cation 
means is a magnetic card reader for reading a magnetic code 
identifying said user. 

18. The apparatus of claim 11, Where said parameter 
control means operates under control of a signal from said 
microprocessor in response to said user’s heart rate inde 
pendently of the exercise program being provided by said 
?rst or second memory means. 

19. The apparatus of claim 11, Where said exercise 
equipment includes means located therein for determining 
that said encoded digital signal is from said transmitting 
unit. 

20. An apparatus for controlled exercise in response to 
continuous monitoring of a person’s heart rate, comprising 
in combination: 
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exercise equipment having resistance determining means 
therein for increasing or decreasing the resistance 
offered by said exercise equipment to a user of said 
equipment, 

parameter control means in said exercise equipment for 
changing the resistance offered by said exercise equip 
ment to said user, 

microprocessor means in said exercise equipment for 
providing a signal to said parameter control means for 
determining tie resistance offered by said exercise 
equipment to said user, said signal being proportional 
to a measured heart rate of said user When operating 
said exercise equipment, 

a transmitting unit adapted to be Worn by said user for 
detecting and digitally encoding a signal representative 
of the user’s heart rate, said transmitting unit including 
encoding means for producing an encoded digital sig 
nal having a ?rst part identifying said transmitting unit 
and a second part representative of the user’s heart rate, 

receiving means located in said exercise equipment for 
receiving said encoded digital signal via Wireless trans 
mission from said transmitting unit and for providing 
said received digitally encoded signal to said micro 
processor means, 

error correction means located in said transmitting unit for 
ensuring the accuracy of said measured heart rate, 

memory means located in said exercise equipment for 
storing an exercise program speci?c to said user, 

identi?cation means in said exercise equipment respon 
sive to the entry of an identi?cation code speci?c to 
said user, and 

display means in said exercise equipment for displaying 
the user’s heart rate and other information relative to 
the parameters of exercise being undertaken by said 
user. 

21. The apparatus of claim 20, further including addi 
tional memory coupled to said microprocessor means for 
receiving a recording of an exercise program speci?c to said 
user. 

22. The apparatus of claim 21, including memory means 
for storing a plurality of exercise pro?les speci?c to said 
user. 

23. The apparatus of claim 21, further including input 
means connected to said control means for enabling said 
user to override control of said parameter control means. 

25. The apparatus of claim 24, including means for 
determining a Warm-up exercise pro?le, a cool-doWn exer 
cise pro?le and a sustained exercise pro?le for maintaining 
an aerobic Workout of said user. 

25. The apparatus of claim 20, further including fre 
quency change means for changing the frequency over 
Which said encoded digital signal is Wirelessly transmitted 
from said transmitting unit to said exercise equipment. 

* * * * * 


