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PEDOMETER 

This application is a continuation of application Ser. No. 
09/181,738, ?led Oct. 28, 1998, now US. Pat. No. 6,175, 
608, the disclosure of Which is incorporated by reference 
herein. 

FIELD AND BACKGROUND OF THE 
INVENTION 

The present invention relates generally to pedometers 
having a Waist mounted stride-counting device and 
transmitter, and a Wrist-mounted receiver and display. The 
invention also relates to a distance calculation device that 
calculates a distance Walked or run based on an algorithm 
that converts a base stride length and a base stride rate to an 
actual stride length for use in calculating the distance 
traveled. 

Pedometers are knoWn Which include devices or algo 
rithms for determining the distance a person travels on foot. 
For example, US. Pat. No. 4,371,945 discloses an electronic 
pedometer that calculates distance by electronically measur 
ing the length of each stride taken by a user. Stride length is 
measured by ultrasonic Waves generated by an ultrasonic 
module strapped to one leg and an ultrasonic detector Worn 
on the other leg. A program compensates for a variety of 
measurement errors and the results are displayed on a 
Wrist-mounted display after being transmitted by VHF 
Waves from the leg to the Wrist. 
US. Pat. No. 4,771,394 discloses a computer shoe With a 

heel-mounted electronic device With an inertia footstrike 
counter, a timer, a sound generating device, a battery, and a 
gate array for counting time and footstrikes to calculate 
distance and running time as a function of stride time. 
Although recogniZing the important relationship of stride 
length and foot speed, the shoe in this patent requires data 
from at least 15 test runs or Walks and the data must be 
user-entered in pairs of footstrikes and elapsed time to cover 
a pre-determined distance. Further, user adjustments of time 
must be performed to accommodate start and stop times, and 
the number of counted footstrikes is increased one percent to 
overcome inherent errors in the inertia step counter. The 
shoe-mounted device is subject to damage from impact, dirt, 
and Water, and requires a stay-at-home computer With Which 
to interface. There is no means disclosed to transmit data to 
a Wrist-mounted display device or an “on-board” computing 
device that provides “real time” data to a runner. 

US. Pat. No. 4,855,942 discloses a pedometer and calorie 
measuring device that includes a Wrist-mounted step counter 
and a ?xed stride length to calculate distance traveled. 
Wrist-mounted step counters are knoWn to be inaccurate 
because they assume a step for every arm movement. Even 
With error correction, such a device Will provide less accu 
rate step counts than a leg or Waist-mounted counter. 
Further, ?xed stride lengths do not take into account the fact 
that stride length varies With rate of movement. 
US. Pat. No. 5,117,444 discloses a pedometer and cali 

bration method With tWo calibration modes. First, a user 
travels a predetermined “half-distance” for the device to 
count and store the number of strides in that distance. Next, 
the user travels a second distance With the step counter 
comparing actual steps to the steps in memory and a current 
trip memory are incremented by a tenth of a “Whole unit” 
distance. There is no correlation betWeen stride length and 
stride rate Which requires the user to re-calibrate the device 
When Walking as opposed to running. 
US. Pat. No. 5,475,725 discloses a pulse meter With 

pedometer function to determine pace and pulse rate of a 
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2 
user. The meter uses pulse Wave base data compared to 
actual pulse Wave data rates. 

US. Pat. No. 5,476,427 discloses a pace display device 
utiliZing a base rate for traveling pre-set distances in suc 
cessive trails. The device calculates step counts and rates, 
and compares actual step count rates to display data to a user 
for comparison of present running rates to previous rates. 

Thus, there is a need for a simple, but highly accurate, 
pedometer that displays distance traveled, pace, speed, heart 
rate, and other important information on an easily read 
Wrist-mounted device. 

SUMMARY OF THE INVENTION 

The present invention overcomes problems and shortcom 
ings in the prior art by providing a device that includes a 
Waist, chest, or leg-mounted stride counting device, a 
transmitter, and a Wrist-mounted receiver/display device that 
provides highly accurate travel distances and other informa 
tion. The device includes a computer that stores base stride 
length and rate data from traveling a pre-determined dis 
tance and compares that to actual stride rate data to calculate 
actual distance traveled, speed, and pace. The invention 
recogniZes the interdependency of stride length and stride 
rate and uses that relationship to provide superior distance 
calculating accuracy. 
The invention also provides for improved display of 

relevant data on a Wrist-mounted display that receives digital 
signals from devices Worn on other body parts such as legs, 
Waist, and chest. Transmitters that can send coded signals 
are desirable because they Will not interfere With similar 
devices Worn by other users in the vicinity. 

The accuracy of the device is enhanced by the use of an 
algorithm that adjusts a base stride length based on actual 
stride rates. The algorithm is de?ned as: Actual Stride 
Length=Base Stride Length+Base Stride Length *(((Actual 
Stride Rate-Base Stride Rate) N)/Base Stride Rate); Where 
N is either an average value or a derived value from a 
plurality of samples. 

The invention also includes a method for calculating an 
actual stride length including steps of: timing a ?rst user run 
of a predetermined distance; counting the total number of 
strides in the user ?rst run; dividing the ?rst run distance by 
the stride count to obtain a base stride length; dividing the 
stride count by the ?rst run time to obtain a base stride rate; 
counting strides during a user’s second run to obtain an 
actual stride rate; calculating the actual stride length using 
the formula: Actual Stride Length=Base Stride Length+Base 
Stride Length *(((Actual Stride Rate-Base Stride Rate )N)/ 
Base Stride Rate); Wherein N is an average value or a 
derived value. 

The average value method can be re?ned by comparing 
Base Stride Rate to Actual Stride Rate to determine a 
percentage difference; and using N=1 When the Actual Stride 
RateéBase Stride Rate * 1.02 and using N=3 When Actual 
Stride Rate>Base Stride Rate * 1.02. A preferred embodi 
ment uses a plurality of sample runs over knoWn distances 
to derive an accurate N value for each individual. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a pedometer in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

As illustrated in FIG. 1, the present invention is directed 
to an improved pedometer 20 including: a Waist, chest, or leg 
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mounted stride counter 24, and a Wrist or Waist mounted 
display unit 26. An optional chest-mounted heart monitor 28 
can be included. All of the device components are mounted 
in suitable housings. The pedometer 20 includes a data 
processor 30 that is mounted in the same housing as either 
the step counter 24 or the display unit 26. 

The step counter 24 is an inertia device that counts the 
number of steps a user takes. The number of steps is 
transmitted to a data archive 32 either directly or via a 
transmitter 34. The data archive 32 is mounted in the 
housing With the step counter 24 or the display 26. 

The transmitter 34 is mounted in the step counter housing 
and is preferably an Rf telemetric signal transmitter With a 
30 inches to 36 inches transmission range. Alternately, the 
transmitter is a Wireless or Wired digital transmitter With a 
coding function to limit or eliminate interference With other 
similar devices. The Wireless transmission range is set 
betWeen 30 inches and 36 inches to provide adequate range 
to transmit signals from a user’s Waist to Wrist, but not so far 
as to cause interference With other Rf or digital devices in 
the vicinity. 

The transmitter 34 transmits either raW data or calculated 
distances, pace, etc. to a Wrist-mounted display unit receiver 
40. The receiver 40 relays a raW data signal to the data 
processor 30 or a calculated data signal directly to the 
display panel 42, such as an LCD or LED. 

Similarly, the heart rate monitor 28 includes a transmitter 
44 that transmits heart rate data to the display unit 26. The 
heart monitor transmitter 44 can transmit at the same or a 

different frequency as the stride counter 24, and to the same 
or a different receiver in the display unit 26. The heart rate 
transmitter 44 is preferably Rf, but can be digital for the 
reasons stated above. The range of the heart rate transmitter 
44 should also be betWeen 30 inches and 36 inches to ensure 
effective communication With the receiver While limiting 
outside interference. 

The data processor 30 can also include a programmable 
logic controller, a personal computer, a programmable read 
only memory, or other suitable processor. The data processor 
30 includes a data archive 32 to store historic data on stride 
length and pace to be used in an algorithm for calculating 
actual distances, speed, and rate for real-time conversion of 
data to useful information for a user. 

The data processor 30 can also include closed loop or 
fuZZy logic programming to continually or periodically 
replace the base stride rate and length With recently calcu 
lated stride rates and lengths so that long term conditioning 
trends are accommodated in the base stride archive. Incor 
porating trend capabilities may further enhance accuracy of 
the distance and pace calculations. 

The display unit 26 also includes an operator interface 46 
such as a key pad, button, knob, etc. that enables the user to 
start and stop a clock 48 (or stop Watch) and activate various 
use modes Within the pedometer, such as a sampling mode 
and operation mode. 
One option for using the pedometer 20, requires the user 

to operate a “sampling mode” and begin Walking or running 
a predetermined distance such as a mile or 1600 meters, 
preferably on a running track of a knoWn siZe. Upon 
completion of the distance, a stop button on the operator 
interface 46 is pushed. The data processor 30 is programmed 
to then divide the distance by the number of strides counted 
to calculate an average stride length. This value is stored in 
the data archive 32 as the “Base Stride Length.” 

Also, the data processor 30 is programmed to divide the 
number of strides by the time of the run or Walk as measured 
by the clock 48 to arrive at a “Base Stride Rate.” 
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The data processor 30 preferably includes programming 

that queries the user about the distance to be run during the 
sampling mode. By providing options or enabling the use of 
any distance during the sampling mode, the pedometer 20 
provides maXimum ?exibility for use by people of various 
physical conditions, or having access to courses of different 
knoWn distances. Thus, a user may be queried to input a 
distance to be used in the sampling mode and then be given 
a list of options such as 400 meters, 440 yards, 1600 meters, 
or one mile, or be asked to simply input any distance knoWn 
to the user that Will be traveled during the sampling mode. 
The present invention makes full use of the relationship 

betWeen a faster rate of travel and longer stride lengths. In 
other Words, the faster a user is moving, the longer Will be 
the stride length. Over the course of the run or Walk, the 
user’s step rate and, therefore, stride length Will change and 
the user Will cover more ground When moving fast and less 
ground When moving sloW. 

Clearly, using a ?xed average stride length in calculating 
distance traveled Will result in errors using prior pedometers. 
This is particularly true if a user changes pace, or improves 
conditioning and speed to the point Where the average stride 
length over a given run increases dramatically. The error 
compensators in prior devices do not adjust for changes in 
pace. With the old devices, a user needed to re-calibrate 
periodically to be close to getting an accurate reading, and 
could not change pace during a Workout Without decreasing 
accuracy. 

To make the correction, the user activates a “Use Mode” 
in Which the data processor 30 calculates an Actual Stride 
Rate based on data from the stride counter 24 and the clock 
48. For eXample, an Actual Stride Rate can be calculated 
every ?ve seconds Without the user doing more than acti 
vating the “Use Mode” button, While all the calculations are 
performed by the data processor automatically. The percent 
age change betWeen the Actual Stride Rate and the Base 
Stride Rate is then computed by the data processor 30 to 
determine an Actual Stride Length. Again, if the Actual 
Stride Rate is greater than the Base Stride Rate, the Actual 
Stride Length is longer than the Base Stride Length. If the 
Actual Steps Per Second is loWer than the Base Steps Per 
Second, the Actual Stride Length is shorter than the Base 
Stride Length. The algorithm beloW provides a means for 
comparing the Actual and Base Stride rates to arrive at an 
accurate Actual Stride Length. 

First, a comparison betWeen the Actual Stride Rate and 
the Base Stride Rate is made to determine Whether Actual 
Stride Rate is less than or equal to Base Stride Rate 
multiplied by 1.02. Stride Length is calculated by: 

Actual Stride Length=Base Stride Length+Base Stride Length 
*(((Actual Stride Rate-Base Stride Rate)N)/Base Stride Rate) 

Where: N=1 When Actual Stride Rate is less than or equal to 
Base Stride Rate multiplied by 1.02, and N=3 When Actual 
Stride Rate is greater than Base Stride Rate multiplied by 
1.02, although other N values in the range of one to three can 
be used. 

The above algorithm is accurate for heel to toe activities 
such as Walking or jogging, but is less accurate for sprinting 
(toe only). 
A third method of calculating actual stride length uses 

three separate run or Walk samples at three different paces. 
This is the most accurate option. With this method, the N 
values are unique for each individual. By deriving an N 
value for each individual, this value more accurately re?ects 
the actual change in stride length With a change in pace. 
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