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APPARATUS AND METHOD FOR SENSING 
OF THREE-DIMENSIONAL 

ENVIRONMENTAL INFORMATION 

BACKGROUND 

[0001] The present invention relates generally to an appa 
ratus for sensing of three-dimensional environmental infor 
mation and a method of operating the same, more particularly, 
to an apparatus Which provides information about a person’s 
surroundings through a tactile output and a method of oper 
ating the same. 
[0002] Currently, the nearly 300,000 blind and visually 
impaired people in the United States utiliZe conventional 
mobility canes Which provide a very limited amount of infor 
mation about their surrounding environment. A conventional 
mobility cane only provides information about the space sur 
rounding a user Which may be physically touched by the cane. 
[0003] Various apparatus have been developed to provide 
blind people With information about the surrounding environ 
ment beyond the physical reach of the conventional cane. 
These devices typically rely on an acoustic element to provide 
information to the user. One example of such a device is an 
acoustic cane Which provides sensing information through 
sound feedback, e. g., echo location. The acoustic cane emits 
a noise Which re?ects, or echoes, from objects Within the 
blind person’s environment. The blind person then interprets 
the echoes to decipher the layout of the surrounding environ 
ment. Similarly, other devices may emit light and detect 
re?ection of the emitted light from obstacles. These devices 
also rely on an audio signal such as a click or a variably 
pitched beep to convey obstacle detection information to the 
user. 

[0004] Devices relying on an audio signal for information 
conveyance are not Well suited for noisy environments such 
as heavily tra?icked streets Where audible signals are di?icult 
to detect and interpret. These devices are especially ill suited 
for deaf and blind individuals Who are incapable of receiving 
the audio signals. Other drawbacks to the acoustic cane and 
other audio devices include that they may draW unWanted 
attention to the user and or interfere With the user’s sense of 
hearing. 
[0005] Accordingly, it is desirable to provide a method and 
apparatus for increasing the information gathering range of 
blind or blind and deaf people beyond the range of a conven 
tional cane and supplying the gathered information to the user 
in real time and in a Way Which may be easily perceived in 
high noise level environments by both hearing and non-hear 
ing individuals. 

SUMMARY 

[0006] The foregoing discussed drawbacks and de?cien 
cies of the prior art are overcome or alleviated, in an exem 
plary embodiment, by an apparatus for providing information 
about a three-dimensional environment to a user includes; at 
least one sensor, a processor Which receives signals from the 
at least one sensor and operatively controls a plurality of 
actuators to represent a physical environment sensed by the at 
least one sensor, and a plurality of tactile buttons, Wherein 
each tactile button is operatively coupled to at least one of the 
plurality of actuators. 
[0007] In another exemplary embodiment, a method of pro 
viding information about a three-dimensional environment to 
a user includes; transmitting at least one sensing signal to an 
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environment, receiving a modi?ed sensing signal from the 
environment, and controlling positions of a plurality of actua 
tors operatively coupled to a plurality of tactile buttons, the 
controlling being based on the modi?ed sensing signal. 
[0008] In another exemplary embodiment an apparatus for 
providing information about a three-dimensional environ 
ment to a user, the apparatus including; a handle, at least one 
sensor operatively coupled to the handle, a tactile pad dis 
posed on the handle; a plurality of tactile buttons arrayed on 
the tactile pad; a plurality of actuators, Wherein each actuator 
is operatively coupled to one of the plurality of tactile buttons 
to control a height thereof in relation to the tactile pad, and a 
processor Which receives signals from the at least one sensor 
and controls positioning of the plurality of actuators to rep 
resent a physical environment sensed by the at least one 
sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Referring to the exemplary draWings Wherein like 
elements are numbered alike in the several Figures: 
[0010] FIG. 1 is a side perspective vieW of an exemplary 
embodiment of an apparatus for sensing of a three-dimen 
sional environment according to the present invention; 
[0011] FIG. 2 is a magni?ed bottom perspective vieW illus 
trating the handle of the exemplary embodiment of an appa 
ratus of FIG. 1; 
[0012] FIG. 3 is a cross-sectional vieW of the exemplary 
embodiment of an apparatus taken along line III-III' of FIG. 2; 
[0013] FIG. 4 is a top plan perspective vieW illustrating 
sensor ranges of the exemplary embodiment of an apparatus 
of FIG. 1; 
[0014] FIGS. 5A, 6A, 7A, 8A, 9A, 10A and 11A are sche 
matic top doWn vieWs illustrating a ?rst, second, third, fourth, 
?fth, sixth and seventh step, respectively, in an exemplary 
embodiment of a method of operating the exemplary embodi 
ment of an apparatus according to the present invention; and 
[0015] FIGS. 5B, 6B, 7B, 8B, 9B, 10B and 11B are bottom 
perspective vieWs of the exemplary embodiment of the appa 
ratus according to the ?rst, second, third, fourth, ?fth, sixth 
and seventh step, respectively, in the exemplary embodiment 
of a method of operating the exemplary embodiment of an 
apparatus according to the present invention. 

DETAILED DESCRIPTION 

[0016] Disclosed herein is an apparatus for increasing the 
information gathering range of blind or blind and deaf people 
beyond the range of a conventional mobility cane and sup 
plying the gathered information to the user in real time and in 
a Way Which may be easily perceived in high noise level 
environments by both hearing and non-hearing individuals 
and a method of operating the same. Brie?y stated, a combi 
nation of infrared and ultrasonic sensing information is pro 
cessed to control the height of a plurality of buttons on a 
tactile pad of a Walking cane. In so doing, three-dimensional 
information about the surrounding environment may be pro 
vided to a user. Furthermore, the tactile feedback mechanism 
may be used in high noise environments and by users With 
limited hearing. 
[0017] Referring noW to FIGS. 1-4, there are shoWn a side 
perspective vieW of an exemplary embodiment of an appara 
tus 1 for sensing of a three-dimensional environment accord 
ing to the present invention, a magni?ed bottom perspective 
vieW illustrating the handle of the apparatus 1, a cross-sec 
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tional vieW of the apparatus 1 and a top plan perspective vieW 
illustrating the sensor of the apparatus 1, respectively. 
[0018] As shown in FIG. 1, an exemplary embodiment of 
an apparatus 1 includes a shaft 10 connected to a handle 20, 
similar to a conventional mobility cane. HoWever, unlike a 
conventional mobility cane, the present apparatus includes a 
sensor mast 30. The sensor mast 30 may serve as a mount for 

a Wide array of sensor apparatus as commonly knoWn in the 
art. As shoWn in FIG. 4, in the present exemplary embodi 
ment, the apparatus 1 includes an ultrasonic sensor 40, Which 
includes ?rst and second individual ultrasonic sensors 40a 
and 40b, respectively, to emit ultrasonic signals 45 including 
?rst and second ultrasonic signals 45a and 45b. The present 
exemplary embodiment also includes an infrared sensor 50, 
Which includes ?rst, second and third infrared sensors 50a, 
50b and 500, respectively, to emit infrared signals 55 includ 
ing ?rst, second and third infrared signals 55a, 55b and 550. 
Both the ultrasonic sensor 40 and the infrared sensor 50 are 
mounted on the sensor mast 30. Alternative exemplary 
embodiments include con?gurations Wherein only one sens 
ing apparatus, e.g., only the ultrasonic sensor 40 or only the 
infrared sensor 50 are disposed on the sensing mast 30. Alter 
native exemplary embodiments also include con?gurations 
Wherein alternative sensing apparatus, such as apparatus 
using lasers or radar, are mounted on the sensing mast 30. 
[0019] As shoWn in FIG. 4, the sensors 40 and 50 emit 
signals 45 and 55, respectively, to the environment. The ultra 
sonic sensor 40 includes the ?rst ultrasonic sensor 40a emit 
ting the ?rst ultrasonic signal 45a and the second ultrasonic 
sensor 40b emitting the second ultrasonic signal 45b. The ?rst 
and second ultrasonic sensors 40a and 40b are slightly offset 
from one another so as to provide an offset signal range. The 
?rst, second and third infrared sensors 50a-c are similarly 
offset so the emitted infrared signals 55a, 55b and 550 are also 
offset in different directions. This provides the apparatus 1 
With a broad range of sensor coverage. 

[0020] The emitted signals are then re?ected from objects 
in the environment, such as Walls, columns, trees, etc ., and the 
sensors 40 and 50 detect these re?ected signals. Each sensor 
has a predetermined range for the detection of re?ections. In 
one exemplary embodiment the infrared sensor 50 may detect 
objects at up to three feet and the ultrasonic sensor 40 may 
detect objects at up to ten feet. The detected signals are then 
processed by a processor to be described in more detail beloW. 

[0021] As shoWn in FIG. 3, the present exemplary embodi 
ment of an apparatus 1 also includes various modi?cations to 
the handle 20. The handle 20 includes a tactile pad 60, a 
plurality of buttons 65 attached to the tactile pad 60, a handle 
positioner 70, a reset button 80, and various other components 
150. 

[0022] As shoWn in FIGS. 2 and 3, the handle 20 incorpo 
rates a tactile pad 60 including a plurality of buttons 65 Which 
enable tactile feedback of information sensed from the sen 
sors 40 and 50 positioned on the sensor mast 30, as shoWn in 
FIG. 1. An actuator such as a solenoid 66 poWers each of the 
plurality of buttons 65. The solenoid 66 further includes a 
magnetic coil 67 With a ferromagnetic rod 68 disposed 
therein. The solenoid may move the ferromagnetic rod 68 
Within the magnetic coil 67. As shoWn in FIG. 3, the ferro 
magnetic rod 68 may be positioned to force the rubber button 
65 positioned above it to project from the surface of the tactile 
pad 60. For the purposes of illustration as shoWn in FIG. 2, 
herein, buttons 65 Which are projected from the tactile pad 60 
Will be illustrated in White, While buttons 65 Which are not 
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being projected by the plurality of actuators Will be illustrated 
in gray. Alternative exemplary embodiments include con?gu 
rations Wherein various other actuators may be used instead 
of, or in conjunction With, the solenoids 66. 
[0023] In one exemplary embodiment, the solenoids 66 are 
latching solenoids Which can pass current through the mag 
netic coil 67 in either direction to control the position of the 
ferromagnetic rod 68. Latching solenoids have the advantage 
of being able to control the position of the ferromagnetic rod 
68 Without having to constantly maintain current through the 
magnetic coil 67, and therefore such solenoids offer improved 
poWer consumption pro?les in portable applications. 
[0024] The solenoids 66 are connected to a circuit board 
100 through electrical connections 101. The circuit board 100 
is also electrically connected to a processor 110, a poWer 
supply 120, a vibrator 130, the reset button 80, and the sensors 
on the sensor mast 30 is connected via signal line 140. The 
other components 150 may include an orientation apparatus 
(not shoWn) Which provides orientation information about the 
apparatus’s position in space. Exemplary embodiments of the 
orientation apparatus include accelerometers and various 
other mechanisms as commonly knoWn in the art. 

[0025] The sensors 40 and 50, the processor 110, the tactile 
pad 60, the vibrator and various other components are poW 
ered by the poWer supply 120. The poWer supply 120 may be 
a battery, a fuel cell or various other components as com 
monly knoWn in the art. 
[0026] Analog information from the ultrasonic sensors 40 
and the infrared sensors 50 is input to an analog to digital 
converter (not shoWn) before being sent to the processor 110. 
The processor 110 processes the converted signals from the 
sensors 40 and 50 to determine information about the sur 
rounding environment. The processor 110 speci?cally inter 
prets the signals received from the sensors 40 and 50 along 
signal line 140 to determine distances and directions to poten 
tial obstacles Within the sensor ranges. The processor then 
supplies the processed information to a digital to analog con 
verter (not shoWn) before supplying the information to the 
vibrator 130 and the plurality of solenoids 66 to provide 
information about the surrounding environment to the user 
through tactile feedback. The handle positioner 70 alloWs a 
user to ensure consistent hand positioning With respect to the 
tactile pad 60. 
[0027] In the present exemplary embodiment information 
from different sensors may be displayed at different positions 
on the tactile pad 60, e. g., information obtained from the 
infrared sensor 50 may be output to solenoids 66 in the roWs 
closest to the handle positioner 70 and information obtained 
from the ultrasonic sensor 40 may be output to the solenoids 
66 in roWs further from the handle positioner 70. In one 
exemplary embodiment each subsequent roW of buttons from 
the handle positioner 70 displays information corresponding 
to an increase of one foot of distance from the sensor mast 30, 
eg the ?rst roW of buttons 65 displays information corre 
sponding to sensor information from one foot aWay, the sec 
ond roW of buttons 65 displays information corresponding to 
sensor information from tWo feet aWay, etc. 

[0028] Hereinafter an exemplary embodiment of a method 
of operating the apparatus 1 Will be described With reference 
to FIGS. 5A-11B. FIGS. 5-11A are schematic top doWn vieWs 
illustrating steps in an exemplary embodiment of a method of 
operating the exemplary embodiment of an apparatus 1 
according to the present invention and FIGS. 5-11B are bot 
tom perspective vieWs of the exemplary embodiment of the 
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apparatus 1 according to the steps in the exemplary embodi 
ment of a method of operating the exemplary embodiment of 
an apparatus 1 according to the present invention. 
[0029] FIGS. 5A-11B illustrate an exemplary embodiment 
of a method of operating the exemplary embodiment of an 
apparatus 1 according to the present invention Wherein a user 
1000 is approaching and subsequently maneuvering Within a 
hallWay With sides 200A and 200B and maneuvering around 
an obstacle 300. Referring noW to FIGS. 1 and 5A-B, a user 
1000 performs an initial setup process by placing the tip of the 
apparatus 1 on the ground and pressing the reset button 80 on 
the handle 20. This prepares the apparatus 1 to begin receiv 
ing spatial information about its surroundings by clearing any 
previous environmental data. 
[0030] The user 1000 then sWeeps the apparatus 1 in a 
left-to-right and right-to-left motion, similar to the motion 
used in a conventional mobility cane. HoWever, unlike the 
conventional mobility cane, the exemplary embodiment of an 
apparatus 1 is not required to physically contact the ground or 
other objects surrounding the user 1000. 
[0031] As shoWn in FIG. 5A, at the peak of the initial sWeep 
to the left the user 1000 presses the reset button 80 as part of 
an initialiZation process that sets parameters for feedback 
from the tactile pad 60 and the vibrator 130. Pressing the reset 
button 80 here signals the processor 110 that the sWeep to the 
left has reached its furthest point and assigns any information 
processed from the area directly in front of the apparatus 1 to 
the leftmost side of the tactile pad 60. It is also necessary to 
press the reset button here in case the apparatus 1 has no 
re?ections to track to determine a change in the apparatus 1’s 
motion. 
[0032] The processor 110 then interprets data from the 
sensors 40 and 50. In the environment shoWn in FIG. 5A, the 
user 1000 encounters the Wall 200A at the peak of the initial 
sWeep to the left. The sensors 40 and 50 detect re?ections of 
their individually output signals from the Wall 200A. The 
sensors 40 and 50 send the re?ection information to the pro 
cessor 110 Which interprets the received re?ections as the 
presence of a solid object and generates a map corresponding 
to the location of the solids. 
[0033] The processor can determine the direction of motion 
of an object relative to the apparatus 1; this is especially 
facilitated by the sensors 40 and 50 including several offset 
sensors. As shoWn in FIG. 5A, the Wall 200A is detected ?rst 
by the second ultrasonic sensor 40b Which is offset to the left. 
The Wall 200A is then subsequently detected by the second 
ultrasonic sensor 40b. The processor is able to determine that 
the object has moved from the leftmost sensor range into a 
middle, or overlapping, sensor range and therefore the appa 
ratus 1 is moving in a right-to-left motion. The processor 
determines the direction of the motion and outputs the pro 
cessed information to the tactile pad 60. In one exemplary 
embodiment the processor 110 outputs a neW map Whenever 
the processor 110 determines a change in the direction of the 
apparatus 1’s motion, e. g., from moving left to moving right. 
This alloWs an updated set of information to be displayed 
after every sWeep of the apparatus 1. 
[0034] Alternative exemplary embodiments include con 
?gurations Wherein the processor determines the direction of 
motion and or the orientation of the apparatus 1 from an 
orientation apparatus such as an accelerometer in conjunction 
With, or instead of, the motion sensing method described 
above. Additional alternative exemplary embodiments 
include con?gurations Wherein neW maps are processed and 
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output by the processor 110 at various other times, such as the 
middle of a right-to-left or left-to-right sWeep, after several 
sWeeps, or at any time Which is convenient for that particular 
application. In one exemplary embodiment maps are output 
to the tactile pad 60 While they are being generated, this 
alloWs for real-time display of the three-dimensional environ 
mental information. 
[0035] FIG. 5B illustrates that in response to the processed 
re?ection information, the processor 110 outputs the map 
generated from processing the received re?ections from the 
sensors 40 and 50 to the tactile pad 60. The tactile pad dis 
plays the map by activating a solenoid 66 Which projects a 
rubber button 65 on the tactile pad 60. Because the apparatus 
1 has been recently reset as described above, the tactile pad 60 
contains only the three-dimensional environmental informa 
tion Which has been input since the ?rst depressing of the reset 
button 80. Also, the processor outputs the information about 
the leftmost part of the environment on the leftmost part of the 
tactile pad 60 (the left portion of FIG. 5B). The leftmost part 
of the environment is determined by the pressing of the reset 
button at the peak of the sWing to the left. The pressing of the 
reset button ensures that the processor 110 is aWare that the 
right-to-left sWeep is ?naliZed in case the apparatus 1 has no 
re?ections to track changes in the apparatus 1’s motion. 
[0036] As shoWn in FIG. 6A, at the peak of the initial sWeep 
to the right the user 1000 again presses the reset button 80. 
Pressing the reset button 80 here ?naliZes parameters for 
feedback from tactile pad 60 and the vibrator 130. In the 
environment shoWn in FIG. 6A, the user 1000 encounters the 
Wall 200B at the peak of the initial sWeep to the right. The 
sensors 40 and 50 detect re?ections of their individually 
output signals from the Wall 200B. The sensors 40 and 50 
send the re?ection information to the processor 110 Which 
interprets the received re?ections as the presence of a solid 
object and generates a map to be output to the solenoids 66. 
[0037] FIG. 6B illustrates that in response to the processed 
re?ection information, the processor activates a solenoid 66 
Which projects a rubber button 65 on the tactile pad 60. The 
processor outputs the information from the left-to-right 
sWeep to the tactile pad 60. The processor outputs the infor 
mation about the rightmost part of the environment on the 
rightmost part of the tactile pad 60 (the right portion of FIG. 
6B). Pressing the reset button 80 here signals the processor 
110 that the sWeep to the right has reached its furthest point 
and assigns any information processed from the area directly 
in front of the apparatus 1 to the rightmost side of the tactile 
pad 60. This ensures that the map generated by the processor 
110 displays information corresponding to the region 
betWeen the tWo presses of the reset button 80. It is also 
necessary to press the reset button here in case the apparatus 
1 has no re?ections to track changes in the apparatus 1’s 
motion. 

[0038] The leftmost and rightmost region de?ning process 
described above need only be performed once after resetting 
the apparatus 1; subsequent sWeeps of the cane need not 
include a pressing of the reset button. In one exemplary 
embodiment, if the sensors 40 and 50 do not detect an 
obstacle during the course of either the ?rst right-to-left or 
left-to-right sWeeps the user continues to press the reset but 
ton at the peak of each right-to-left and left-to-right sWeep 
until an object is detected Which alloWs the processor to 
determine the sWeep direction. 
[0039] Referring noW to FIGS. 7A and 7B the user 1000 
again sWeeps the apparatus 1 to the left While moving in a 
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forward motion. The sensors 40 and 50 continue to detect 
re?ections of their output signals and send that information to 
the processor 110. The processor 110 then creates a map to 
output to the tactile pad 60. 
[0040] The tactile pad 60 displays a series of raised buttons 
65 on the leftmost and rightmost sides in accordance With the 
parameters set by the user 1000. The raised buttons 65 indi 
cate that the distance betWeen the Walls 200A and 200B and 
the user 1000 has decreased. The Walls 200A and 200B are no 
longer indicated as being at the last roW of buttons corre 
sponding to the edge of the sensor range, instead the projected 
buttons extend 7 roWs deep into the tactile pad corresponding 
to an object being Well Within the sensor range. The user 1000 
then interprets the raised buttons 65 on the tactile pad 60 as 
distance information to an obstacle. An obstacle 300, such as 
a column, is present in the schematic top doWn vieW of FIG. 
7A; hoWever, the object 300 is not yet Within range of the 
sensors 40 and 50 and so it is not re?ected on the tactile pad 
60. 
[0041] Referring noW to FIGS. 8A and 8B the user 1000 
again sWeeps the apparatus 1 to the right While moving in a 
forWard motion. The sensors 40 and 50 continue to detect 
re?ections of their output signals and send that information to 
the processor 110. The processor 110 then creates a map to 
output to the tactile pad 60. 
[0042] The tactile pad 60 displays a series of raised buttons 
65 on the leftmost and rightmost sides in accordance With the 
parameters set by the user 1000. The raised buttons 65 indi 
cate that the distance betWeen the Walls 200A and 200B and 
the user 1000 has decreased until the Walls 200A and 200B 
are detectable by all the sensors 40 and 50 on the apparatus 1 
and surround the user 1000. In addition to the Walls 200A and 
200B, the obstacle 300 is Within range of the ultrasonic sen 
sors 40. The obstacle 300 is located relatively far aWay from 
and to the right of the user 1000. The sensors also provide 
information about the obstacle 300’s siZe. The processor 110 
interprets this information from the sensors and outputs a map 
Where the solenoids 66 represent the obstacle 300 as tWo 
raised buttons 65 on the last roW of the tactile pad 60 corre 
sponding to the obstacle 300’s siZe and location relative to the 
sensors 40 and 50. The user 1000 then interprets the raised 
buttons 65 on the tactile pad 60 as distance and direction 
information to an obstacle. 

[0043] Referring noW to FIGS. 9A and 9B the user 1000 
again sWeeps the apparatus 1 to the left While moving in a 
forWard motion. The sensors 40 and 50 continue to detect 
re?ections of their output signals and send that information to 
the processor 110. The processor 110 then creates a map to 
output to the tactile pad 60. 
[0044] The tactile pad 60 displays a series of raised buttons 
65 on the leftmost and rightmost sides in accordance With the 
parameters set by the user 1000. The raised buttons 65 on the 
leftmost and rightmost sides of the tactile pad 60 indicate that 
the user 1000 is still surrounded by the Walls 200A and 200B. 
The obstacle 300 is noW detectable by both the ultrasonic 
sensors 40 and the infrared sensors 50. The entire obstacle 
300 is Within range of the ultrasonic sensors 40. Therefore, 
the processor 110 interprets this information from the sensors 
as siZe information about the obstacle 300 and generates a 
map Which displays the obstacle 300 as four raised buttons 65 
on the right side of the tactile pad 60 corresponding to the 
obstacle 300’s siZe and location relative to the sensors 40 and 
50. In the exemplary embodiment Wherein each roW of but 
tons indicates sensor information of a distance of about one 
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foot, the obstacle 300 Would be approximately four feet long 
and tWo feet Wide. The user 1000 then interprets the raised 
buttons 65 on the tactile pad 60 as distance and direction 
information to an obstacle. 

[0045] Referring noW to FIGS. 10A and 10B the user 1000 
again sWeeps the apparatus 1 to the right While moving in a 
forWard motion. The sensors 40 and 50 continue to detect 
re?ections of their output signals and send that information to 
the processor 110. The processor 110 then creates a map to 
output to the tactile pad 60. 
[0046] The tactile pad 60 displays a series of raised buttons 
65 on the leftmost and rightmost sides in accordance With the 
parameters set by the user 1000. The raised buttons 65 on the 
leftmost and rightmost sides of the tactile pad 60 indicate that 
the user 1000 is still surrounded by the Walls 200A and 200B. 
The obstacle 300 is still detectable by both the ultrasonic 
sensors 40 and the infrared sensors 50. The majority of the 
obstacle 300 is noW Within range of the infrared sensors 50. 
Due to the user 1000’s forWard motion, the obstacle 300 is 
noW represented as raised buttons 65 closer to the handle 
positioner 70. The user 1000 then interprets the raised buttons 
65 on the tactile pad 60 as distance and direction information 
to an obstacle. 

[0047] Finally, referring noW to FIGS. 11A and 11B the 
user 1000 again sWeeps the apparatus 1 to the left While 
moving in a forWard motion. The sensors 40 and 50 continue 
to detect re?ections of their output signals and send that 
information to the processor 110. The processor 110 then 
creates a map to output to the tactile pad 60. 
[0048] The tactile pad 60 displays a series of raised buttons 
65 on the leftmost and rightmost sides in accordance With the 
parameters set by the user 1000. The raised buttons 65 on the 
leftmost and rightmost sides of the tactile pad 60 indicate that 
the user 1000 is still surrounded by the Walls 200A and 200B. 
The obstacle 300 is still detectable by both the ultrasonic 
sensors 40 and the infrared sensors 50. HoWever, due to the 
user 1000’s forWard motion the obstacle 300 is noW substan 
tially parallel to and behind the user 1000. The sensors 40 and 
50 are only contacting the obstacle 300 at the farthest end of 
the right sWeep. Therefore, the processor 110 interprets this 
information from the sensors and generates a map Which 
displays the obstacle 300 as tWo raised buttons 65 on the right 
side of the tactile pad 60 corresponding to the obstacle 300’s 
location relative to the sensors 40 and 50. The user 1000 then 
interprets the raised buttons 65 on the tactile pad 60 as dis 
tance and direction information to an obstacle. 

[0049] While one exemplary embodiment of a method of 
using the apparatus 1 has been described With relation to 
FIGS. 5A-11B additional exemplary embodiments are Within 
the scope of the present invention. The apparatus 1 may be 
used in substantially any terrain and the method of operation 
may be modi?ed accordingly. In one exemplary embodiment 
the apparatus 1 may be used to detect the presence of stairs 
along the user 1 000’s path. In another exemplary embodiment 
the apparatus 1 may be used to detect holes or depressions in 
the ground along the user 1000’s path. In the exemplary 
embodiments Wherein the apparatus 1 detects changes in 
elevation along the path of the user 1000, such as stairs or 
depressions, etc., the processor 110 may activate the vibrator 
130 as an additional source of feedback information to the 
user 1000. 

[0050] While the invention has been described With refer 
ence to a preferred embodiment or embodiments, it Will be 
understood by those skilled in the art that various changes 
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may be made and equivalents may be substituted for elements 
thereof Without departing from the scope of the invention. In 
addition, many modi?cations may be made to adapt a par 
ticular situation or material to the teachings of the invention 
Without departing from the essential scope thereof. There 
fore, it is intended that the invention not be limited to the 
particular embodiment disclosed as the best mode contem 
plated for carrying out this invention, but that the invention 
Will include all embodiments falling Within the scope of the 
appended claims. 

1-10. (canceled) 
11. A method of operating an apparatus that describes to a 

user a layout of a three-dimensional environment, the method 
comprising: 

transmitting a set of sensing signals from respective ones of 
a pair of transmitters to the environment from a trans 
mitting position of the user; 

receiving a set of modi?ed sensing signals from elements 
Within the environment; and 

operating a plurality of actuators, Which are operatively 
coupled to a plurality of tactile buttons, in accordance 
With the modi?ed sensing signals to thereby control 
respective positions of the tactile buttons in real-time 
and to describe at least tWo spatial dimensions of the 
elements including a depth thereof, Which extends 
toWards/aWay from the transmitting position, and a 
Width thereof, Which is perpendicular to the depth 
thereof. 

12. The method of claim 11, Wherein the transmitting com 
prises transmitting at least one ultrasonic sensing signal and 
at least one infrared sensing signal. 

13. The method of claim 12, Wherein, 
the transmitting comprises transmitting tWo ultrasonic 

sensing signals, and 
the transmitting comprises transmitting three infrared 

sensing signals. 
14. The method of claim 13, Wherein the plurality of the 

actuators are arranged in a substantially matrix shape. 
15. The method of claim 11, Wherein the controlling of the 

position of the plurality of actuators further comprises: 
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generating a map of the elements Within the environment; 
and 

instructing the plurality of actuators to project a tactile 
button connected thereto to positionally correspond to a 
determination of Whether a portion of the map corre 
sponds to a position of one or more of the elements. 

16. The method of claim 15, Wherein at least one of the 
processing the received modi?ed sensing signal and the 
instructing the plurality of actuators are performed in real 
time. 

17. (canceled) 
18. A method of operating an apparatus that describes to a 

user a layout of a surrounding three-dimensional (3D) envi 
ronment, the method comprising: 
upon receipt of an initialiZing instruction from the user, 

transmitting a set of sensing signals from respective 
transmitters disposed along the apparatus to the environ 
ment from a transmitting position of the user; 

receiving a set of modi?ed sensing signals from elements 
Within the environment until receipt of an ending 
instruction from the user; 

repeating the sensing operation based on receipt of subse 
quent initialiZing and ending instructions from the user; 

processing the set of modi?ed sensing signals from each of 
the sensing operations to thereby generate a map of the 
elements in the three-dimensional environment; and 

operating a plurality of actuators, Which are operatively 
coupled to a plurality of tactile buttons, in accordance 
With the map to thereby control respective positions of 
the tactile buttons in real-time and to describe a depth of 
the elements, Which extends toWards/aWay from the 
transmitting position, and a Width of the elements, Which 
is perpendicular to the depth thereof. 

19. The method according to claim 18, Wherein the appa 
ratus is selectively sWung by the user and the user selectively 
moves through the environment during the sensing opera 
tions, and Wherein the processing comprises accounting for 
the sWinging of the apparatus and the movement of the user in 
the generation of the map. 

* * * * * 


