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CLAIMS

1. An electronic toothbrush system for monitoring brushing and compliance with a

tooth brush regime, the system comprising:

a toothbrush including a handle and a head;

a base station including a magnetic transmitter configured to transmit a magnetic

field;

an accelerometer incorporated in the toothbrush and configured to output data

representing a direction of acceleration due to gravity;

a magnetometer incorporated in the toothbrush configured to output data relating

to the strength and direction of the magnetic field;

a memory for storing the data output by the accelerometer and the

magnetometer; and

a controller in data communication with the memory, the controller being

configured to determine an orientation of the toothbrush in space based

on at least the data output by the magnetometer and the accelerometer,

wherein the orientation of the toothbrush in space is determined with

respect to gravity and the magnetic field.

2. The system of claim 1, wherein the toothbrush further includes a gyroscope

configured to output data relating to orientation changes of the toothbrush and wherein

the controller is further configured to determine the orientation of the toothbrush in

space additionally based on the data output from the gyroscope.

3. The system of claim 1, wherein the controller is further configured to determine

relative positional changes of the toothbrush using data output from the accelerometer

and the magnetometer.



42

◦ 

4. The system of claim 1 wherein the controller utilizes the data output from the

magnetometer to determine an estimated distance window within which the toothbrush

has changed position.

5. The system of claim 1, wherein the controller utilizes a statistical analysis to

determine positional changes.

6. The system of claim 5, wherein the statistical analysis is performed using relative

positional changes based on a reference coordinated system determined during each

session of brushing.

7. The system of claim 6, wherein the statistical analysis is performed by fitting the

data from the magnetometer and the accelerometer to calibration data after the

controller determines a completed brushing session.

8. The system of claim 1, wherein the controller is further configured to determine

the orientation of the toothbrush by analyzing data from the magnetometer representing

the strength and direction of the earth's magnetic field.

9. An electronic toothbrush system for monitoring brushing and compliance with a

tooth brush regime, the system comprising:

a toothbrush including a handle and a head;

a base station including a magnetic transmitter configured to transmit a magnetic

field;

an accelerometer incorporated in the toothbrush and configured to output data

relating to acceleration of the toothbrush;

a magnetometer incorporated in the toothbrush configured to output data relating

to a strength of the magnetic field;
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a memory for storing the data output by the motion accelerometer and

magnetometer sensor; and

a controller in data communication with the memory, the controller being

configured to determine a relative distance and direction of positional

movement of the toothbrush based on at least the data output by the

magnetometer and the accelerometer, wherein the direction of positional

movement of the toothbrush is determined with respect to gravity and the

magnetic field.

10. The system of claim 9, wherein the controller utilizes the data output from the

magnetometer to determine an estimated distance window within which the toothbrush

has changed position.

11. The system of claim 9, wherein the toothbrush further includes a gyroscope that

outputs data relating to orientation changes of the toothbrush and wherein the controller

calculates an orientation of a toothbrush in space additionally based on the data output

from the gyroscope.

12. The system of claim 9, wherein the magnetic field transmitter is oriented in the

base station such that a polar axis of the magnetic field lies in an approximately horizontal

plane.

13. The system of claim 9, wherein the magnetic field transmitter is oriented in the

base station such that a polar axis of the magnetic field lies in an approximately vertical

plane.

14. A method for determining the orientation of a toothbrush with respect to gravity

and a magnetic field, the method comprising:



44

◦ 

generating a magnetic field with a magnetic field transmitter in a toothbrush base

station;

recording, during a calibration session, calibration data from both (i) an

acceleration sensor incorporated in a toothbrush representing an

acceleration of the toothbrush and (ii) a magnetometer incorporated in the

toothbrush representing a strength of the magnetic field detected by the

magnetometer;

storing the calibration data in a memory;

recording, during a tooth brushing session, usage data from the acceleration

sensor and the magnetometer; and

performing a statistical analysis on the usage data and the calibration data to

determine at least one orientation of the toothbrush with respect to gravity

and the magnetic field.

15. The method of claim 14, wherein the statistical analysis is performed using a

regression analysis.

16. The method of claim 14, wherein the statistical analysis is performed using a

reference starting position in a mouth of a user of the toothbrush recorded during the

tooth brushing session.

17. The method of claim 14, wherein the performing the statistical analysis on the

usage data and the calibration data also includes determining a relative positional

movement of the toothbrush.


