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FOOTPRINT LOCATION SYSTEM

information comprises ?rst footprints of the ?rst shoe and
second footprints of the second shoe.
The ?rst shoe has tWo ultrasonic infrared receivers and the

BACKGROUND OF THE INVENTION

second shoe has an ultrasonic infrared transmitter. While a

1. Field of the Invention
The present invention generally relates to a footprint loca
tion system, and more particularly to a footprint location
system that can determine a user’s position by summing up all
displacement vectors
2. The Prior Arts
Conventional indoor location systems usually need expen

user Wearing the ?rst and the second shoes Walks, a vector
measuring unit measures displacement vectors betWeen the

?rst and second footprints based on coordinates provided by
the ultrasonic infrared transmitters and the ultrasonic infrared
receivers (or by a camera device and a characteristic picture).
The location calculation unit then calculates the user’s posi

tion by summing up the current and all previous displacement
vectors With reference to a starting point Without additional
advanced infrastructure.

sive infrastructure and maintenance to determine a user’s

position precisely. That might be the reason that the conven
tional indoor location systems have been seldom used in

BRIEF DESCRIPTION OF THE DRAWINGS

commercial applications ranging from family to enterprise.
A conventional indoor location system usually sets up
sensing devices in particular positions to detect a user’s posi

The present invention Will be apparent to those skilled in

tion. In order to enhance accuracy, the conventional indoor

location system needs to increase numbers of sensing
devices, such as infrared, WiFi and Weight detectors, and
therefore largely increases the expense of equipments, install
ing, operating and maintenance of the system.

20

the art by reading the folloWing detailed description of a
preferred embodiment thereof, With reference to the attached
draWings, in Which:
FIGS. 1A and 1B are schematic vieWs of shoes according

to the present invention;
FIGS. 2A and 2B are schematic vieWs of a footprint loca

tion system according to the present invention;

SUMMARY OF THE INVENTION
25

FIGS. 3A-3C are schematic vieWs shoWing a user’s Walk

ing status in the footprint location system according to the

A primary objective of the present invention is to provide a
footprint location system and method on footWear, Which a

present invention;

user simply has to Wear the footWear to track his/her locations

FIGS. 4A and 4B are schematic vieWs shoWing a trail of the

Without any setup or calibration efforts. The footprint location
system measures and tracks displacement vectors along a trail
of footprints, and then determines the user’s position by sum

user’ s footprints in the footprint location system according to
30

FIGS. 5A and 5B are schematic vieWs shoWing measured

ming tip all displacement vectors Without any advanced infra

coordinates of the footprint location system according to the
present invention; and

structure.

A secondary objective of the present invention is to provide
a footprint location system and method on footWear, Which

the present invention;

FIGS. 6A-6C are schematic vieWs shoWing accessory
35

can determine the user’s physical location solely by using

devices of the footprint location system according to the
present invention.

sensors installed on footWear. With ultrasonic infrared trans

mitters and receivers respectively installed on a ?rst shoe and

a second shoe of the footprint location system, it provides
highly accurate coordinates due to a short distance (less than

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT
40

1.5 meters) betWeen them, thereby overcoming many prob

With reference to the draWings and in particular to FIGS.
1A and 1B, a footprint location system in accordance With the
present invention comprises a ?rst shoe 5a and a second shoe
5b. The ?rst shoe 511 comprises measuring units, such as an

lems found in existing indoor location systems, such as

obstacles, multi-path effects, signal noises, signal interfer
ences, and dead spots. Moreover, video detection devices can
replace the ultrasonic infrared transmitters and receivers and

45

achieves a similar result.

A tertiary objective of the present invention is to provide a
footprint location system and method that integrates With
force sensors to con?rm footWear in contact With ground. The
force sensors are used to avoid obtaining incorrect displace
ment vectors under unstable conditions and to identify the
user moves forWard, backWard, left or right.

in FIG. 1B, and generates ?rst footprints 40a-40c as shoWn in
FIG. 4A When both feet touch the ground. The second shoe 5b
comprises measuring units, such as an ultrasonic infrared
50

A further objective of the present invention is to provide a

footprint location system and method that integrates With
orientation sensors to obtain rotation angle to simplify com

55

putational requirements of the system.
footprint location system and method that integrates With
radio frequency identi?cation (RFID) tags and readers to
60

in real -time.

To achieve the objectives mentioned above, a footprint
location system in accordance With the present invention
comprises a ?rst shoe, a second shoe, a vector measuring unit
and a location calculation unit. The footprint location system
determines a user’s position by tracking a trail of footprints.
The trail of the footprints implying direction and translation

transmitter 14 as shoWn in FIG. 1A, or a second video detec
tion device (such as a characteristic picture) 18 as shoWn in

FIG. 1B, and generates second footprints 42a and 42b as
shoWn in FIG. 4A When both feet touch the ground. There
fore, the footprint location system of the present invention can
calculate a user’ s position by measuring every stride (the ?rst

footprints 4011-400 and the second footprints 42a-42b) gen

A further objective of the present invention is to provide a

obtain a user’s current location to correct the user’s position

ultrasonic infrared receiver 12 as shoWn in FIG. 1A, or a ?rst
video detection device (such as a camera device) 16 as shoWn

erated by the user Wearing the ?rst shoe 5a and the second
shoe 5b. In the folloWing description tWo different embodi
ments according to the present invention Will be presented.
The major difference betWeen these tWo embodiments is the
measuring units installed in the ?rst shoe 5a and the second
shoe 5b. The method of determining the user’ s position is the
same. The ?rst video detection device (camera device) 16 and

the easily recogniZable second video detection device (char
65

acteristic picture) 18 can replace the ultrasonic infrared
receiver 12 and the ultrasonic infrared transmitter 14 respec

tively.

US 7,671,734 B2
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12 then sequentially receives the infrared signal and ultra
sonic signal. The time difference (ultrasonic signal’s time-of
?ight) betWeen these tWo signals is measured to calculate the

With reference to the drawings and in particular to FIGS.

2A-2B, the footprint location system of the present invention
comprises an ultrasonic infrared receiver 12, an ultrasonic
infrared transmitter 14, a vector measuring unit 20, and a

distance betWeen the ultrasonic infrared transmitter 14 and
the ultrasonic infrared receiver 12. The footprint location
system of the present invention then uses triangulation tech
nology to obtain the coordinates of the ultrasonic infrared

location calculation unit 22 as shoWn in FIG. 2A, or a ?rst

video detection device (camera device) 16, a second video
detection device (characteristic picture) 18, a vector measur
ing unit 20 and a location calculation unit 22 as shoWn in FIG.
2B.

transmitter 14 relative to the local coordinate system at the

?rst footprints 40a-40c.

Brie?y, the vector measuring unit 20 measures displace
ment vectors Vdi (as shoWn in FIG. 4A) betWeen the ?rst
footprint 4011-400 and the second footprint 42a and 42b based
on coordinates provided by the ultrasonic infrared receivers
12 and the ultrasonic infrared transmitters 14 (or by the ?rst
video detection device 16 and the second video detection
device 18). The location calculation unit 22 then calculates

The user doesn’t alWays Walk in a straight line and changes
the Walking directions during his/her movement As shoWn in
FIG. 4B, the footprint location system uses rotation angles Hi
to describe the rotation of the local coordinate system at each

?rst footsteps 40a-40c relative to the previous one. By

employing the local coordinate system’s rotation angles
60-62, the footprint location system transforms Vdi from the

the user’s position by summing up the current and all previous
displacement vectors
20

With reference to a starting point.
The human Walking motion can be modeled by stance
phase kinematics as shoWn in FIGS. 3A-3C. FIG. 3A shoWs a
heel strike stance; FIG. 3B shoWs a mid stance; and FIG. 3C
shoWs a toe-off stance. Only in the heel strike stance and
toe-off stance, both feet are in contact With the ground. In the

mid stance, the body raises one foot and only one foot is in
contact With the ground. The footprint location system of the
present invention only measures displacement vectors Vdi
under stable conditions (both feet touch the ground at the

25

previous rotation angle 6i. After transforming those local
30

35

same time, as shoWn in FIGS. 3A and 3C) in consideration of

accurateness. That means the footprint location system only
measures the displacement vectors Vdi betWeen the ?rst foot

prints (40a, 40b and 400) and the second footprints (42a and
42b) as shoWn in FIG. 4A.
With reference to the draWings and in particular to FIGS.
4A and 4B, the user Walks 4 steps. When the ?rst shoe 5a and
the second shoe 5b are in contact With the ground at the same

40

tem, and then calculates the user’s position at the 4th step as
shoWn in FIG. 4B.
In order to ?nd the rotation angle 6i and the translation (dx,
dy), Which are necessary for the coordinate system transfor
mation, We need at least three equations. The ?rst shoe 511
having at least tWo ultrasonic infrared receivers 12 and the
second shoe 5b having at least tWo ultrasonic infrared trans
mitters 14 can give suf?cient equations to solve the three
unknoWns.

Referring to FIG. 5A, the (Xtl, ytl) and (xtz, yt2) are mea

(xtl', ya‘) and (xtz', yt2') are measured coordinates of tWo
45

to a local coordinate system at the ?rst footprint. The footprint
location system of the present invention measures a displace
ment vector Vdl from the ?rst footprint 40a to the second

footprint 42a, a displacement vector Vd2 from the second
footprint 42a to the ?rst footprint 40b, a displacement vector
Vd3 from the ?rst footprint 40b to the second footprint 42b,
and a displacement vector Vd4 from the second footprint 42b
to the ?rst footprint 400. With reference to the ?rst footprints
40a-40c, the footprint location system obtains the total dis
placement vector of user’s four steps by summing up dis
placement vectors

coordinate systems of the ?rst footprints 40a-40c to the glo
bal coordinate system, the footprint location system obtains
displacement vectors Vdl-Vd4 in the global coordinate sys

sured coordinates of tWo ultrasonic infrared transmitters 14
on the second shoe 5b before moving the ?rst shoe 5a. The

time (see FIG. 4A), the coordinates of ultrasonic infrared
transmitters 14 on the second footprint are measured relative

local coordinate systems into a global coordinate system as
shoWn in FIG. 4B.
As the ?rst shoe 5a moves, the local coordinate system at
the ?rst footprint 40a-40c rotates an angle 6i and then trans
lates. The rotation angle Si is a rotational angle betWeen an
i-th ?rst footprint’ s local coordinate system and a (i- 1 )-th ?rst
footprint’ s local coordinate system The accumulative rotation
angle 6 can be obtained by summing up the current and all

50

ultrasonic infrared transmitters 14 on the second shoe 5b after

moving the ?rst shoe 5a (?rst footprint moved from 40a to
4211). The coordinates (xtl, ytl) and (xt2, yt2) are relative to the
local coordinate system at the ?rst footprints 40a and the
coordinates (xtl', ya‘) and (Xt2', yt2') are relative to the local
coordinate system at the ?rst footprints 40b.
Using the coordinates measured above, We can have tWo

matrix equations to solve three unknoWns, rotation angle 6i,
and translation (dx, dy):
55

60

The footprint location system of the present invention uses

“time-of-?ight” and “triangulation” technologies to obtain
the coordinates of the footprints. First of all, the ultrasonic
infrared transmitter 14 transmits infrared signal and ultra
sonic signal simultaneously. The ultrasonic infrared receiver

65

Using the accumulative rotation angle 6 obtained from
summing up the current and all previous rotation angle 6i, the
translation (dx, dy) is transformed to the displacement vector
Vd in the global coordinate system:

US 7,671,734 B2
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a ?rst shoe comprising a ?rst measuring unit and generat

ing ?rst footprints When both shoes touch the ground at

[ c050 sinO
—sin0 0050

dy

the same time;
a second shoe comprising a second measuring unit and

l: Vd

generating second footprints When both shoes touch the
ground at the same time;
a vector measuring unit measuring displacement vectors

As described above, When a user Wears footwear With the

footprint location system of the present invention, the user’s
position can be easily determined by measuring, tracking and
calculating the displacement vectors along a trail of the foot
prints Without additional advanced infrastructure. Moreover

betWeen the ?rst footprints and the second footprints
based on coordinates provided by the ?rst measuring
unit and the second measuring unit; and
a location calculation unit calculating the user’s position
by summing up all displacement vectors With reference
to a starting point,

because the user’s steps are not too large (less than 1.5
meters), the ultrasonic infrared receivers 12 and the ultrasonic
infrared transmitters 14 respectively installed on the ?rst shoe
5a and the second shoe 5b can provide With highly accurate

Wherein the ?rst measuring unit has at least tWo ultrasonic
infrared receivers and an orientation sensor, Which pro

coordinates, thereby overcoming many problems found in

vides a rotation angle .theta. in the global coordinate

existing indoor location systems, such as obstacles, multi

system;

path effects, signal noises, signal interferences, and dead
spots.
The footprint location system of the present invention can

the second measuring unit has at least one ultrasonic infra
20

also use a ?rst video detection device (a camera device) 16

and a second video detection device (a characteristic picture)
18 to replace the ultrasonic infrared receivers 12 and the
ultrasonic infrared transmitters 14. They obtain the coordi
nates of the ?rst footprints 4011-400 and the second footprints
4211-4219 by camera’ s internal parameters and image process
ing. Moreover, the ?rst video detection device 16 and the

orientation sensor measure coordinates and the rotation

angle .theta., to calculate a displacement vector in a

global coordinate system.
25

present invention installs force sensors 60 on the ?rst shoe 5a
and the second shoe 5b to con?rm the shoes are in contact
With ground. The use of pressure sensors 60 can avoid obtain

2. The footprint location system as claimed in claim 1,
Wherein the vector measuring unit measures the displacement
vectors based on the measured coordinates under stable con

ditions, Which both shoes are in contact With the ground at the

second video detection device 18 can determine Whether the
?rst shoe 5a and the second shoe 5b are in contact With

ground. After the con?rmation of the contact, the foot loca
tion system measures the coordinates of the ?rst footprint
4011-400 and the second footprint 4211-4219.
Referring to FIG. 6A, the footprint location system of the

red transmitter; and
the ?rst measuring unit, the second measuring unit and the

same time.
30

3. The footprint location system as claimed in claim 1,
Wherein the ?rst shoe and the second shoe further comprise a

force sensor, respectively, for con?rming the ?rst shoe and the
second shoe in contact With the ground.
4. The footprint location system as claimed in claim 2,
35

ing incorrect displacement vectors under unstable conditions
and identify the user moves forWard, backWard, left or right.

Wherein the ?rst shoe and the second shoe further comprise a

force sensor, respectively, for con?rming the ?rst shoe and the
second shoe in contact With the ground.
5. The footprint location system as claimed in claim 1,
Wherein When the user Wearing the ?rst shoe and the second

Referring to FIG. 6B, the footprint location system of the

present invention installs an orientation sensor 62 on the ?rst 40 shoe Walks N steps in uncertain directions, the location cal

culation unit calculates the user’s position based on N dis

shoe 5a. Since the orientation sensor provides With rotation
angles in the global coordinate system, it removes one

placement vectors of the N steps.
6. The footprint location system as claimed in claim 1,
Wherein the ?rst measuring unit having a ?rst video detection

unknown from the calculation Because the unknowns are

reduced to the translations (dx, dy), the footprint location
system only needs to install one ultrasonic infrared transmit

45

ter 14.

The footprint location system is in?uenced by many factors

lation (dx, dy) in a local coordinate system;

lated. Referring to FIG. 6C, the footprint location system of
50

tags placed in the grid fashion over the Walking range. The
RFID tags are With predetermined location coordinates.
When the shoe step on top of an RFID tag, the current location
of the user is set to the knoWn location coordinate of this RFID

55

60

current and all previous rotation angles 6i transforms the
translation (dx, dy) in the local coordinate system to a
displacement vector in a global coordinate system.
7. The footprint location system as claimed in claim 1,

reader, and the RFID reader reads RFID tags placed in the
environment With accurate preset location information,

thereby correcting the user’s current position.
8. A footprint location method for determining a user’s

appended claims

position by user’s footprints, Which include ?rst footprints
and second footprints, comprising:

?rst footprint’s local coordinate system and a (i—1)-th
?rst footprint’s local coordinate system; and

Wherein the ?rst shoe or the second shoe comprises an RFID

to those skilled in the art that a variety of modi?cations and

What is claimed is:
1. A footprint location system for determining a user’s

the rotation angle Si is a rotational angle betWeen an i-th

an accumulative rotation angle .theta. summed from the

tag rather than the calculated footprint location
Although the present invention has been described With
reference to the preferred embodiments thereof, it is apparent
changes may be made Without departing from the scope of the
present invention Which is intended to be de?ned by the

second measuring unit having a second video detection
device or at least tWo ultrasonic infrared transmitters, mea
sure coordinates to calculate a rotation angle 6i and a trans

and errors accumulate each time displacement vectors calcu
the present invention installs an RFID reader 64 at the bottom
of the ?rst shoe 5a or the second shoe 5b, and a set of RFID

device or at least tWo ultrasonic infrared receivers, and the

position by user’s footprints, Which include ?rst footprints
and second footprints, comprising:
65

providing a ?rst shoe comprising a ?rst measuring unit and

generating ?rst footprints When both shoes touch the
ground at the same time;

US 7,671,734 B2
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providing a second shoe comprising a second measuring
unit and generating second footprints When both shoes
touch the ground at the same time;
measuring displacement vectors betWeen the ?rst foot
prints and the second footprints based on coordinates

11. The footprint location method as claimed in claim 9,
Wherein the ?rst shoe and the second shoe further comprise a
force sensor, respectively, for con?rming the ?rst shoe and the
second shoe in contact With the ground.
12. The footprint location method as claimed in claim 8,
Wherein When the user Wearing the ?rst shoe and the second
shoe Walks N steps in uncertain directions, the user’s position
is calculated based on N displacement vectors of the N steps.
13. The footprint location method as claimed in claim 8,
Wherein the ?rst measuring unit having a ?rst video detection

provided by the ?rst measuring unit and the second

measuring unit; and
calculating the user’s position by summing up the current
and all previous displacement vectors With reference to
a starting point,
Wherein the ?rst measuring unit has at least tWo ultrasonic

device or at least tWo ultrasonic infrared receivers, and the

second measuring unit having a second video detection

infrared receivers and an orientation sensors Which pro

device or at least tWo ultrasonic infrared transmitters, mea
sure coordinates to calculate a rotation angle 6i and a trans

vides a rotation angle 6 in a global coordinate system;
the second measuring unit has at least one ultrasonic infra

lation (dx, dy) in a local coordinate system;

red transmitter; and
the ?rst measuring unit, the second measuring unit and the

the rotation angle Si is a rotational angle betWeen an i-th

?rst footprint’s local coordinate system and a (i—l)-th
?rst footprint’s local coordinate system; and

orientation sensor measure coordinates and the rotation

an accumulative rotation angle .theta. summed from the

angle 6, to calculate a displacement vector in a global

coordinate system.

20

current and all previous rotation angles 6i transforms the
translation (dx, dy) in the local coordinate system to a
displacement vector in a global coordinate system.
14. The footprint location method as claimed in claim 8,

25

reader, and the RFID reader reads RFID tags placed in the
environment With accurate preset location information,

9. The footprint location method as claimed in claim 8,
Wherein the displacement vectors are measured based on the

measured coordinates under stable conditions, Which both

Wherein the ?rst shoe or the second shoe comprises an RFID

shoes are in contact With the ground at the same time.

10. The footprint location method as claimed in claim 8,
Wherein the ?rst shoe and the second shoe further comprise a
force sensor, respectively, for con?rming the ?rst shoe and the
second shoe in contact With the ground.

thereby correcting the user’s current position.
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