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An apparatus and method for providing elevated, indented, or 
texturized contactless sensations to an object at a distance 
from a display device using ultrasound or ultrasonic waves is 
disclosed. Processes are also given involving elevated, 
indented, or texturized sensations to an object near a display 
device using airborne ultrasound or ultrasonic waves. By 
providing elevated, indented, or texturized sensations to an 
object near a display device enhanced input/output functions 
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APPARATUS AND METHOD FOR 
PROVIDINGELEVATED, INDENTED OR 

TEXTURIZED SENSATIONS TO AN OBJECT 
NEARADISPLAY DEVICE OR INPUT 
DETECTION USING ULTRASOUND 

FIELD OF INVENTION 

0001. This application is related to an apparatus and 
method for providing elevated, indented, or texturized sensa 
tions to an object near a display device using ultrasound or 
ultrasonic waves. Ultrasound may also be provided with or 
without sensations to an object for detecting input. Processes 
are provided and described involving elevated, indented, or 
texturized sensations to an object near a display device using 
ultrasound or ultrasonic waves. Processes are also provided 
for detecting input from an object using ultrasound. 

BACKGROUND 

0002 Display devices for inputting information are com 
monplace in electronic devices Such as mobile devices, cel 
lular phones, personal digital assistants, Smartphones, tablet 
personal computers (PCs), laptop computers, televisions, 
monitors, touchscreens, picture frames, or the like. Currently, 
display devices may be based on liquid crystal, plasma, light 
emitting, or organic light emitting technologies using ridged 
or flexible substrates. When a display device functions as an 
input device, such as a touchscreen, their applications are 
mostly limited to displaying and interacting with a user in two 
dimensions. Another limitation or problem of current display 
devices is the lack of texture to the user interface. As the world 
becomes more electronic, texture is needed for enhancing and 
enabling certain applications, computer processes, or com 
CCC. 

0003 Ultrasound or ultrasonic technology has become 
ubiquitous in the medical imaging field. Recently, ultrasound 
has been proposed for virtual reality applications. However, 
the use of embedded or integrated ultrasound technology in 
display devices or computers for enhancing the user interface 
to multiple dimensions has been limited. Therefore, it is desir 
able to have display devices or computers that can provide 
elevated, indented, or texturized sensations to an object near 
a display device using embedded or integrated ultrasound 
technology. It is also desirable for ultrasound to be provided 
to an object with or without sensations for detecting input. 

SUMMARY 

0004 An apparatus and method for providing elevated, 
indented, or texturized contactless sensations to an object at a 
distance from a display device using ultrasound or ultrasonic 
waves is disclosed. Processes are also given involving 
elevated, indented, or texturized sensations to an object near 
a display device using airborne ultrasound or ultrasonic 
waves. By providing elevated, indented, or texturized sensa 
tions to an object near a display device enhanced input/output 
functions are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. A more detailed understanding may be had from the 
following description, given by way of example in conjunc 
tion with the accompanying drawings wherein: 
0006 FIG. 1 is a diagram of an electronic device having a 
display device providing elevated, indented, or texturized 
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sensations to an object near the display device using ultra 
Sound in accordance with one embodiment; 
0007 FIGS. 2a-2d and 2fare diagrams of configurations 
for providing elevated, indented, or texturized sensations to 
an object using ultrasound in accordance with another 
embodiment; 
0008 FIG. 2e is a diagram of various ultrasound focal 
point patterns in accordance with another embodiment; 
0009 FIG. 3 is a diagram comprising of processes for an 
electronic device providing elevated, indented, or texturized 
sensations to an object near a display device using ultrasound 
in accordance with another embodiment; 
0010 FIG. 4 is a diagram for providing varying ultrasound 
strengths to an object for providing elevated, indented, or 
texturized sensations in accordance with another embodi 
ment; and 
0011 FIG. 5 is a process for providing elevated, indented, 
or texturized sensations to an object near a display device 
using ultrasound in accordance with another embodiment. 

DETAILED DESCRIPTION 

0012. The present invention will be described with refer 
ence to the drawing figures wherein like numerals represent 
like elements throughout. For the processes described below 
the steps recited may be performed out of sequence and 
sub-steps not explicitly described or shown may be per 
formed. In addition, “coupled' or “operatively coupled may 
mean that objects are linked between Zero or more interme 
diate objects. 
0013. In the examples forthcoming ultrasound or ultra 
Sonic waves are given as an example to provide elevated, 
indented, or texturized sensation to an object near a display 
device. However, one of ordinary skill would appreciate that 
any acoustic or radio wave that excites anafar object or sensed 
by the human body may be applicable for the examples and 
processes given in the disclosure. 
0014. In the examples forthcoming, the sensation felt by 
an object via an airborne ultrasound may be similar to vibra 
tion or gyration. The sensation may be varied by producing 
focal points of different sizes and intensities. For the case 
where the object is human skin, the vibration or gyration 
caused by an airborne ultrasound may depend on the targeted 
receptors in the skin. Adapting or controlling the ultrasound 
focal or control points for different receptors may cause dif 
ferent sensations for the user's skin. 

0015 Elevation or elevated sensations describe different 
sensations that may be caused to an object using ultrasound at 
a predetermined or random distance from a display or elec 
tronic device. As an example, the relative distance of the 
object may be by one or more millimeters to several meters, as 
desired. 
0016 Indenting may be a configuration where an object is 
given a sensation around its perimeter while giving little 
sensation to the inner area of the object. Indenting may also 
describe a configuration where a given location in space near 
a display device provides a Substantially sensible ultrasound 
to an object but a point lower or closer to the display device 
the ultrasound is not substantially sensible. Indenting may 
also describe a configuration where a given location in space 
near a display device provides a Substantially sensible ultra 
Sound to an object but a point lower or closer to the display 
device an ultrasound is not substantially sensible until a pre 
determined point near the display device is reached. 
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0017 Texturizing or texturing describes a process where 
an electronic device using controlled ultrasound over air may 
provide, simulate, or mimic friction, pulsing sensation, pull 
sating sensation, variable Smoothness, variable thickness, 
coarseness, fineness, irregularity, a movement sensation, 
bumpiness, or rigidness that is sensed by or detectable by an 
object. 
0018 U.S. application Ser. No. 12/406.273 is hereinincor 
porated by reference as if fully set forth and may be used in 
combination with the given examples to provide a display 
device that is elevated, indented, or texturized and ultrasound 
is used to provide a sensation to an object near the display 
device. 
0019 FIG. 1 is a diagram of a wireless subscriber unit, 
user equipment (UE), mobile station, pager, cellular tele 
phone, personal digital assistant (PDA), computing device, 
Surface computer, tablet computer, monitor, general display, 
Versatile device, automobile computer system, vehicle com 
puter system, or television device 100 for mobile or fixed 
applications. Device 100 comprises computer bus 140 that 
couples one or more processors 102, one or more interface 
controllers 104, memory 106 having software 108, storage 
device 110, power source 112, and/or one or more displays 
controller 120. In addition, device 100 comprises an eleva 
tion, indenting, or texturizing controller 121 to provide sen 
sations an object located near one or more display devices 
122. 

0020. One or more display devices 122 can be configured 
as a liquid crystal display (LCD), light emitting diode (LED), 
field emission display (FED), organic light emitting diode 
(OLED), or flexible OLED display device. The one or more 
display devices 122 may be configured, manufactured, pro 
duced, or assembled based on the descriptions provided in US 
Patent Publication Nos. 2007-247422, 2007-139391, 2007 
085838, or 2006-096392 or U.S. Pat. No. 7,050,835 or WO 
Publication 2007-012899 all herein incorporated by refer 
ence as if fully set forth. In the case of a flexible display 
device, the one or more electronic display devices 122 may be 
configured and assembled using organic light emitting diodes 
(OLED), liquid crystal displays using flexible substrate tech 
nology, flexible transistors, or field emission displays (FED) 
using flexible Substrate technology, as desired. One or more 
display devices 122 can be configured as a touch screen 
display using resistive, capacitive, Surface-acoustic wave 
(SAW) capacitive, infrared, strain gauge, optical imaging, 
dispersive signal technology, acoustic pulse recognition, 
frustrated total internal reflection or magneto-strictive tech 
nology, as understood by one of ordinary skill in the art. 
0021 Coupled to one or more display devices 122 may be 
pressure sensors 123. Coupled to computerbus 140 are one or 
more input/output (I/O) controller 116, I/O devices 118, GPS 
device 114, one or more network adapters 128, and/or one or 
more antennas 130. Device 100 may have one or more 
motion, proximity, light, optical, chemical, environmental, 
moisture, acoustic, heat, temperature, radio frequency iden 
tification (RFID), biometric, face recognition, image, photo, 
or voice recognition sensors 126 and touch detectors 124 for 
detecting any touch inputs, including multi-touch inputs, for 
one or more display devices 122. One or more interface 
controllers 104 may communicate with touch detectors 124 
and I/O controller 116 for determining user inputs to device 
1OO. 

0022 Ultrasound source/detector 125 may be configured 
in combination with touch detectors 124, elevation, indent 
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ing, or texturizing controller 121, one or more display devices 
122, pressure sensors 123, or sensors 126 to project or gen 
erate ultrasound waves, rays, or beams to an object to simulate 
elevated, indented, or texturized sensations, recognize inputs, 
or track the object as will be explained in more detail below. 
There may be cases for input recognition or object tracking 
wherein an ultrasound is provided without detected sensation 
to the object. 
(0023 Still referring to device 100, storage device 110 may 
be any disk based or Solid State memory device for storing 
data. Power source 112 may be a plug-in, battery, Solar panels 
for receiving and storing Solar energy, or a device for receiv 
ing and storing wireless power as described in U.S. Pat. No. 
7,027.311 herein incorporated by reference as if fully set 
forth. One or more network adapters 128 may be configured 
as a Time Division Multiple Access (TDMA), Code Division 
Multiple Access (CDMA), Orthogonal Frequency-Division 
Multiplexing (OFDM), Orthogonal Frequency-Division 
Multiple Access (OFDMA), Global System for Mobile 
(GSM) communications, Enhanced Data rates for GSM Evo 
lution (EDGE), General Packet Radio Service (GPRS), 
cdma2000, wideband CDMA (W-CDMA), long term evolu 
tion (LTE), 802.11x, Wi-Max, mobile Wi-MAX, Bluetooth, 
or any other wireless or wired transceiver for modulating and 
demodulating information communicated via one or more 
antennas 130. Additionally, any of devices, controllers, dis 
plays, components, etc. in device 100 may be combined, 
made integral, or separated as desired. For instance, elevation, 
indenting, or texturizing controller 121 may be combined 
with ultrasound source? detector 125 in one unit. 
0024 FIGS. 2a-2d are diagrams of configurations for pro 
viding elevated, indented, or texturized sensations to an 
object using ultrasound. In FIG. 2a display device layer 204 
lays proximate to ultrasound layer 205. Although a single 
layer is shown, layers 204 and 205 can be composed of a 
plurality of sublayers. Although display device layer 204 is 
shown above that ultrasound layer 205, some or most of the 
components of ultrasound layer 205. Such as ultrasound trans 
ducer or detectors, may be provided in Substantially the same 
level plane as display device layer 204. Display device layer 
204 can be either a flexible or rigid display device for dis 
playing video, images, photos, graphics, text, etc. 
0025 Ultrasound layer 205 can be configured and com 
posed of ultrasound transducer, Source, or detector devices as 
described in “Two-dimensional scanning tactile display using 
ultrasound radiation pressure' by Shinoda et al. (2006), “A 
Tactile Display using Ultrasound Linear Phased Array' by 
Shinoda et al. (2004), or “Small and Lightweight Tactile 
Display (SalT) and Its Application” by Kim et al. (2009) that 
are all herein incorporated by reference as if fully set forth. As 
indicated by the incorporated references, linear phased arrays 
of ultrasound can provide at least 1 mm diameter focal or 
control points for fine, precise tactile airborne Stimuli at vari 
able frequencies and intensities. Larger focal points may also 
be provided. Techniques for tracking or detecting motion of a 
focal or control point and object may include Time Delay of 
Arrival (TDOA) where the difference in arrival times and the 
Velocity of an ultrasound at one or more detectors is used to 
establish and track location. Airborne refers to an ultrasound 
transmission that may propagate through the air for at least a 
predetermined distance. 
0026. As previously stated, stimuli can be provided to an 
object by transmitting one or more ultrasound focal points to 
cause a vibration, gyration, beat, or tap by a phased array. The 



US 2011/O 1993.42 A1 

ultrasound intensity may be varied to cause different feelings 
to the object. Varying of sensations may also be done by 
changing focal point sizes. 
0027. Ultrasound layer 205 comprises of an array of 
coupled ultrasound transducers and/or detectors that may 
emit directional ultrasound waves, rays, or beams through air 
to objects at location points 206, 208, and/or 210 in sensation 
Zone 202. Layer 205 also detects reflections of the emitted 
waves off of the objects at location points 206, 208, and/or 
210. Layer 205 is controlled in part by elevation, indenting, or 
texturizing controller 121. Sensation Zone 202 may be the 
space, part of the space, or a force field above display device 
layer 204 that defines the range of ultrasound perception. 
Sensation Zone 202 may be defined using approximate 
boundaries in order to limit the space ultrasound are emitted 
over display device layer 204 for safety or power conserva 
tion. Another benefit of having sensation Zone 202 is that a 
user can have space in other areas of display device layer 204 
for normal operation of device 100. 
0028. In addition to providing airborne ultrasound in the 
direction of the user, ultrasound layer 205 may be configured 
with transducers and detectors directed away from the user. 
This double-sided configuration is desirable to provide ultra 
sound sensations to fingers placed behind device 100 for 
grasping in mobile applications. Airborne ultrasound Zone 
behind device 100 may be used to give a user the ability to 
virtually grasp from afar images on screen perpendicular to 
device 100. 
0029 Objects at location points 206, 208, and/or 210 may 
be any one of a finger, part of a finger, a hand, part of a hand, 
skin, any body part, a special ultrasound sensitive glove, part 
of a special ultrasound sensitive glove, an ultrasound sensitive 
finger attachment, an ultrasound sensitive thimble, an ultra 
Sound sensitive wand, a material that reacts in response to 
ultrasound, or a material that is perceptive to ultrasound, as 
desired. 
0030 FIG.2b is a diagram showing various approximate 
airborne ultrasound patterns 222, 224, 226, and 228 emitted 
over display device surface 231. Substantially cubicle pattern 
222 may be provided by emitting rays by ultrasound layer 205 
to provide a substantially cubicle sensation. FIG.2e shows an 
example of a focal point pattern 2221 for providing a Substan 
tially cubicle pattern sensation on finger 2222 by ultrasound 
layer 205. Ultrasound control or focal points shown in FIG.2e 
or other figures are not drawn to scale and may be approxi 
mate in size. Dot or dimple pattern 224 may be provided by 
emitting rays by ultrasound layer 205 to provide a substan 
tially spherical sensation. FIG. 2e shows an example of a 
focal point pattern 224 for a dot or dimple pattern on finger 
224 emitted by ultrasound layer 205 to provide a substan 
tially spherical sensation. 
0031 Moreover, substantially cylindrical pattern 226 may 
be provided by emitting rays by ultrasound layer 205 to 
provide a substantially circular sensation. FIG.2e shows an 
example of a focal point pattern 226 for a cylindrical pattern 
sensation on finger 226 provided by ultrasound layer 205 to 
provide a Substantially circular sensation. 
0032 Substantially rectangular pattern 228 may be pro 
vided by emitting rays by ultrasound layer 205 to provide a 
Substantially rectangular sensation. FIG. 2e shows an 
example of focal point edge patterns 2281 and 2282 for a 
rectangular pattern sensation on finger 228 provided by 
ultrasound layer 205. Although two edges are shown on finger 
228, a single or multiple edges may be projected. Edge 
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projections are desirable for virtual keyboard applications 
where the projected edges help to define the boundaries of a 
key. 
0033. In the examples given in FIG. 2b ultrasound layer 
205 may be controlled in part by ultrasound source/detector 
125 in combination with elevation, indenting, or texturizing 
controller 121. In FIG. 2e, the ultrasound may be swept or 
stroked over each focal or control point in a pattern at high 
frequency or variable pulsating frequencies using various 
intensities levels dependent upon the desired sensation or 
virtual effect. Although well-defined shapes are shown in the 
FIGS. 2b and 2e, actual sensations will vary from person to 
person and by the accuracy of the phased array ultrasound 
SOUC. 

0034 FIG.2c is a diagram providing an example configu 
ration of display device layer 204 and ultrasound layer 205. 
Display pixels 232 to 232n may lay partially adjacent, on the 
same level, or on the same layer to elevation, indenting, or 
texturizing cells 234 to 234, each having an ultrasound trans 
ducer, source, and/or detector. Alternatively, display pixels 
232 to 232, may lay partially above elevation, indenting, or 
texturizing cells 234 to 234. Display and ultrasoundarray or 
matrix 233 also comprises of display pixels 236 to 236, 
adjacent to elevation, indenting, or texturizing cells 2381 to 
238n that are adjacent to display pixels 240 to 240. The 
elevation, indenting, or texturizing cells may be controlled by 
elevation, indenting, or texturizing controller 121 to adjust 
the intensity, orientation, or direction of the ultrasound emit 
ted to location points 206, 208, or 210. 
0035 FIG. 2d shows an embodiment of a display device 
array or matrix 235 from a top view where ultrasound trans 
ducer, source, or detector cells 239 and 241 are placed selec 
tively within two predetermined areas without display pixels 
so that the surface of display device array or matrix 235 is 
mostly comprised of display pixels 237. In an alternative 
embodiment, cells 239 and 241 may line the perimeter of 
display device array or matrix 235. When around the perim 
eter, integration with existing display device layout may be 
more easily enabled. 
0036 FIG. 3 is a diagram comprising of processes for an 
electronic device providing elevated, indented, or texturized 
sensations to an object near display device 302 using ultra 
sound. For the examples given in FIG. 3, the object provided 
elevated, indented, or texturized sensations near display 
device 302 using ultrasound may be any one of a finger, part 
of a finger, multiple fingers, a hand, part of a hand, or two 
hands as desired. Display device 302 may be assembled with 
at least some of the components described in device 100. 
0037 For inputting or triggering a request action, a "click 
here displayed universal resource locater (URL) or hyper 
link is provided to an object that may be at location points 
206, 208, and/or 210 with an elevated substantially circular 
ultrasound pattern 304. Clicking may be performed by track 
ing the motion, momentum, or Velocity of the object as pro 
vided in the example in FIG. 5 below. Motion of the object 
relative to display device 302 that can be recognized as an 
input, gesture, or command may be a push towards display 
device 302, a pull away from display device 302, sideway or 
lateral motion relative to display device 302, a circle gesture, 
a square gesture, a rectangular gesture, a spiral gesture, a 
Swirl gesture, a Swipe gesture, a pinch gesture, a flick gesture, 
a customized gesture, a user defined gesture, a multiple finger 
coordinated motion, or a single finger gesture, as desired. In 
particular, single finger gesture control is desirable since the 
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user may use for example the thumb finger for gestures to 
signal an input or command while holding device 100 at the 
same time for mobile applications allowing the other hand to 
be free. Gestures may be stored in a gesture library or data 
base in storage device 110. 
0038. In addition to gestures, tracking an object relative to 
display device 302, as provided in an example in FIG. 5, may 
be used for drawing purposes. A user may use a finger to draw 
in air a character or shape that is detected by ultrasound 
source/detector 125 and rendered into an image by one or 
processors 102. This feature may be useful, for instance, in 
computer games, toys, or graphics applications. 
0039. In FIG. 3, part of an on screen virtual or simulated 
keyboard displayed on display device 302 provides the letter 
“E” key having an elevated Substantially square ultrasound 
308 provided to an object at location points 206, 208, and/or 
210. Although part of a virtual or simulated keyboard is 
shown, display device 302 can be configured to show a whole 
QWERTY keyboard, a numeric keypad, or a combination of 
a whole QWERTY keyboard and a numeric keypad, as 
desired. The letter “S” key is provided by apartially displayed 
portion and an elevated substantially circular ultrasound 310. 
The virtual or simulated keyboard may also be programmed 
to replicate Braille lettering, as desired. 
0040. As an example, for letters “O'” and “A” ultrasound 
3061 and 3062 are projected around the perimeter or edges of 
the keys to define boundaries so that a user may type the 
correct key and can find or feel the correct position of the 
keys. For displayed letters "Q" and “A” a user may type the 
key by physically touching display device 302. The touch 
input is detected by touch detectors 124. 
0041. In one embodiment a pull away motion of an object 
from display device 302 may be detectable as a capital or 
SuperScripting letter input while a push motion in the direc 
tion towards the display device may indicate Subscripting of 
the letter. In response to a detected motion, haptic feedback, 
force feedback, or tactile feedback in the form of a played 
Sound, gyration, or vibration may be provided via I/O con 
troller 116. 
0042. Referring to FIG.4, chart 400 shows an example of 
how ultrasound focal or control point strength or intensity 
units may be varied over time to provide different sensations 
to a user's finger, hand, or any other object. For instance, as a 
user pulls a finger away from display device 302, which is 
detected by ultrasound source/detector 125, strength or inten 
sity units may be reduced by elevation, indenting, or textur 
izing controller 121. Conversely, when the finger is pushed 
towards display device 302 strength or intensity units may be 
increased for a predetermined period creating a virtual feeling 
of resistance. 
0043. In addition to inputting information via on screen 
virtual or simulated keyboard shown in FIG.3, display device 
242 may project ultrasound as shown in FIG. 2.f. Ultrasound 
transducer, source, or detector cells 244 may project onto 
Zone 246 so that the user's view of display device 242 is 
unobstructed. Zone 246 may be projected onto a table or desk 
giving the user the ability to use the space as an input area 
similar to that of a keyboard or mouse. A special pad 248 may 
be used to reflect or vibrate in response to ultrasound from 
transducer, source, or detector cells 244. 
0044) Referring again to the virtual or simulated keyboard 
on display device 302, instructions in software 108 can be 
used to predict or anticipate keystrokes. Prediction or antici 
pation may be based on a word or sentence entered. In 
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response to the anticipation, a different key may emit ultra 
Sound to a user's finger, hand, or any other object to encourage 
or invoke input and provide context awareness. 
0045 An embodiment of the present invention may pro 
vide enhanced electronic advertising processes. Advertise 
ment 316. Such as an adword by Google, can be sold to an 
advertiser for a certain price for having elevated substantially 
circular ultrasound 317 on at least one part or the entire 
advertisement image orphoto. Advertisement 318 can be sold 
to an advertiser for a different price, higher or lower, for 
having elevated substantially circular ultrasound 318 and 
318 each projected at a different intensity in comparison to 
substantially circular ultrasound 317. In addition, the strength 
orintensity of substantially circular ultrasound 317,318, and 
318 may be dependent on location determined by GPS 
device 114 and varied over time as shown in FIG. 4. 
0046 Advertisement 316 or 318 may be provided in a 
separate pop up window with the emitted ultrasound to an 
object at location points 206, 208, and/or 210. The emitted 
ultrasound may be provided only for a predetermined time 
period after the pop up window is displayed thereby provid 
ing a nudge or feeling sensation to the object. As the pop up 
window emerges the intensity of ultrasound to the object may 
be increased over time prior to turning off thereby simulating 
the effect of the pop up window virtually emerging from 
display device 302. 
0047. With advertisement 316 or 318 in a separate pop up 
window, or for any another application in a window, a user 
may interact with an operating system by moving windows, 
grabbing windows, dragging windows, or dropping windows. 
Substantially circular ultrasound 317, for instance, may pro 
vide to a user's fingers a sensation by projecting multiple 
focal or control points when the user virtually tries to grab a 
window shown on display device 302. As the user moves a 
window, a slight vibration is provided by substantially circu 
lar ultrasound 317. A strong vibration may be provided by 
substantially circular ultrasound 317 when running into 
obstacles or boundaries on the screen. The vibration may stop 
when the user releases the window, as desired. 
0048. An embodiment of the present invention may pro 
vide electronic commerce processes. A "Buy Now' button is 
provided with an elevated substantially circular ultrasound 
322 and an elevated substantially square ultrasound 322 to 
an object at location points 206, 208, and/or 210. The “Buy 
Now' button is associated with triggering the purchasing of 
displayed shirt 324 by sending a request to a server (not 
shown) over one or more network adapters 128. For shirt 324, 
ultrasound texturizing pattern 326 is provided to virtually 
replicate or simulate the surface or composition of shirt 324. 
Ultrasound texturizing pattern 326 can be a combination of 
different ultrasound focal or control points. Although a shirt 
324 is shown, ultrasound texturizing pattern 326 can be used 
to provide Surface information for any product being sold or 
displayed on display device 302. 
0049. Using touch detectors 124 in combination with 
elevation, indenting, or texturizing controller 121, displayed 
shirt 324 can be highlighted and then rotated in response to a 
multitouch input while ultrasound texturizing pattern 326 is 
dynamically changed to virtually reflect the different surfaces 
or materials used to make the shirt. Shirt 324 can be Zoomed 
in and out using mulitouch inputs detected by touch detectors 
124 with each Zoom level reflecting texture differences on 
ultrasound texturizing pattern 326. For instance, a Zoomed in 
view may be more grainy or rough compared to a Zoomed out 
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view. The Zoom levels can also be configured with a fading in 
or out effect by one or more processors 102 and can involve 
retrieving additional information from a server (not shown) 
over one or more network adapters 128. Beyond the examples 
of fabrics, any material may be replicated or simulated by 
ultrasound texturizing pattern 326. Airborne ultrasound feed 
back, similar to multitouch inputs, may also be used to change 
views, angles, or size of displayed shirt 324. 
0050 Still referring to displayed shirt 324, display device 
302 may be elevated, indented, or texturized in accordance 
with examples given in U.S. application Ser. No. 12/406.273. 
With shirt 324 texturized on display device 302 and at a 
distance to an object using ultrasound, the user is given an 
improved realization of the composition of the shirt by com 
bining the two enhancements. 
0051 Referring again to FIG. 3, an embodiment of the 
present invention provides an electronic game. Such as tic 
tac-toe, by projecting ultrasound pattern 328 to an object at 
location points 206, 208, and/or 210. As an example given in 
gaming applications, ultrasound pattern 328 may be pro 
jected to multiple fingers and tracked as the user tries to pinch, 
grab, or push an object in a game or any other simulated 
environment displayed on display device 302. Ultrasound 
pattern 328 emitted onto an object can also control scrolling 
or drag and drop functions of items in a game in combination 
with multitouch inputs detected by touch detectors 124. 
0052. In another example, ultrasound pattern 328 can be 
controlled by elevation, indenting, or texturizing controller 
121 such that an object being tracked at location point 206, 
such as user's hand, can be handed off or switched to location 
point 208, such as a user's other hand, to be tracked. Using 
this process, for instance, a user may dribble a ball from one 
hand to another in front of display device 302. Moreover, 
passing of location points in space and time from 206 to 208, 
results in passing a location point of an object between dif 
ferent horizontal planes relative to display device layer 204. 
Alternatively, the location point may be passed on the same 
plane. 
0053. In another example, ultrasound pattern 328 can be 
used to emulate a spring like sensation to an object and 
simulate elasticity to a user's hand in a game or any other 
application. Ultrasound layer 205 can also simulate whole 
screen explosions, blasts, or bullets being fired at the user by 
turning on several ultrasound transducers for a predetermined 
period of time in a game or movie. Ultrasound pattern 328 
may also provide a gaming feature where tilting or rotation 
detected by an accelerometer in sensors 126 controls ultra 
Sound output for four dimensional motion gaming. Ultra 
sound pattern 328 may also define the boundaries of a virtual 
space or layer between location points 206, 208, and 210 and 
display device layer 204. 
0054. In another embodiment, ultrasound pattern 328 pro 
jected onto multiple fingers can be used to simulate a virtual 
joystick or pointing Stick for 360 degrees rotational input by 
tracking the movement of the fingers by ultrasound source? 
detector 125. A three dimensional accelerometer can be 
included in sensors 126 to be used in combination with eleva 
tion, indenting, or texturizing controller 121 to project ultra 
Sound pattern 328 in response to a programmed action in the 
game. Similarly, a visual haptic ultrasound mouse or track 
pad may be configured by projecting and controlling ultra 
sound pattern 328 to replicate the functionality of a mouse or 
track pad and provide a 4-D free space tactile user interface 
device. 
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0055. In another embodiment, ultrasound pattern 328 can 
provide enhanced features for online collaboration, distance 
learning, online conferencing, social networking, or online 
dating. For instance, in response to push command on a 
networked computing device (not shown), which may or may 
not have an ultrasound enhanced display device, ultrasound 
pattern 328 may provide feedback to an object at location 
points 206, 208, and/or 210. Examples offeedback area poke 
sensation similar to that on Facebook, a push sensation, a 
virtual handshake sensation, etc. In online conferencing, tac 
tile inputs or gestures via ultrasound pattern 328 may be used 
during a video conference application for additional interac 
tion between conversing parties. Social networking or adult 
entertainment applications can be enhanced by ultrasound 
pattern 328 providing stimulation in connection with a video, 
image, photo, or audio media on display device 302. 
0056. For digital imagery, ultrasound rays 327 and 327 
may be used to augment, enhance, or characterize different 
objects in photo or image 327. Ultrasound rays 327 and 
327 may be preprogrammed into photo or image 327 by the 
owner for watermarking, artistic design, or the like. Ultra 
sound 327 and 327 may also be used to augment photo 
editing applications. If display device 302 is configured as a 
digital sign, ultrasound 327 and 327 may be used to get the 
attention of people walking near or viewing the photo or 
image 327 on the sign. 
0057. In addition, ultrasound pattern 328 may also project 
Sensations to simulate maps, topography, geography, imag 
ery, or location service processes in combination with GPS 
device 114. Ultrasound pattern 328 can simulate mountain 
ous regions on a map by projecting an ultrasound of various 
heights and intensities to an object at location points 206, 208, 
and/or 210. 

0.058 Ultrasound pattern 328 may also be used to simulate 
the action of picking up (i.e. cut) or drop text (i.e. paste) in an 
email, 3rd Generation Partnership Project (3GPP) or 3GPP2 
short message service (SMS) text message, or 3GPP/3GPP2 
multimedia message service (MMS) message. Ultrasound 
pattern 328 may also be used in connection with a PDF 
document, word document, excel, four dimensional (4-D) 
screensaver, 4-D art, 4-D drawings, 3-D imagery, a 3-D sculp 
ture, a 4-D 'etch-a-sketch', or architecture designs using 
Scalable or vector graphics. Any of the actions given above for 
ultrasound pattern 328 may be used in combination with 
transmitting or receiving information over one or more net 
work adapters 128. 
0059. In e-book applications, ultrasound pattern 328 can 
be used to replicate or simulate the edge of a page and allow 
a user to virtually lift or pick-up a page. Moreover, a user may 
be able to feel text of varying sensations provided by ultra 
sound pattern 328 that is hyperlinked or highlighted on an 
e-book page as the user moves a finger across the page. 
0060 For multitouch applications, airborne ultrasound 
pattern 328 may be used to simulate friction or resistance as a 
user moves an image by touching the screen, Zooms into an 
image, or Zooms out of an image. When Zooming beyond a 
threshold, ultrasound pattern 328 can be used to provide 
resistance thereby defining boundaries and providing a warn 
ing or alarm. While Scrolling, panning, or gliding, hitting a 
threshold level or endpoint causes an ultrasound tactile feed 
back or response. For scrolling momentum, the ultrasound 
pattern 328 may provide high intensity initially to simulate 
inertia and then less intensity as momentum builds. For navi 
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gating through a list of items on display device 302, items 
may be highlighted on the screen as the user Scrolls through 
the list from afar. 
0061 Moreover, display device 302 may have ultrasound 
source/detectors 330-330 in a slightly beveled position or in 
the level with the frame of display device 302. Display device 
302 may also have digital image or infrared cameras 334 
334 for tracking motion of objects at location points 206, 
208, and/or 210 using algorithms such as that described in 
U.S. Pat. No. 7,317,872, herein incorporated by reference as 
if fully set forth, that can be used to perform additional sensor 
measurements. Other sensor measurements for additional 
metrics and refinement include infrared or optical detection to 
detect depth of objects at location points 206, 208, and/or 210. 
These sensors can be embedded next to or within each display 
cell in display device 302. 
0062. In another embodiment, display device 302 repli 
cates, mimics, or simulates a customizable or programmable 
interface or control panel for a remote control, instrument 
panel on a vehicle, an automobile dashboard configuration, 
audio equalizers, multitouch equalizers, radio button list, or a 
consumer electronics button Surface with ultrasound patterns 
332-332. For demoing consumer electronics online, ultra 
sound patterns 332-332 provide a user the ability to simu 
late buttons on a device prior to purchase or use as a tutorial. 
Moreover,332-332 can be programmed for controlling vol 
ume control, replicating Smart home Switches or controllers, 
or replicating a dial or knob, as desired. 
0063 Still referring to FIG. 3, ultrasound may be used to 
feel, sense, or move text, images, photos, windows or icons. 
For instance, web searching is performed by dragging and 
dropping text “TEST SEARCH337 into search box 336. A 
user may be provided substantially circular ultrasound 338 
when grabbing the text “TEST SEARCH from a distance to 
display device 302. The user then moves or drags the text 
“TEST SEARCH from afar via path 339 over to search box 
336 and releases or drops it. The user's finger movements are 
tracked by ultrasound source/detector 125 in combination 
with elevation, indenting, or texturizing controller 121. The 
text may be shown as moving on display device 302 as the 
user's fingers are tracked. Similarly a visual, photo, or image 
search may be performed by grabbing image of shirt 324 and 
dropping it in search box 336. 
0064. In another example, ultrasound pattern 328 can be 
used to replicate or simulate a virtual stylus, pen, or pencil 
allowing a user to mimic writing or drawing on display device 
302 similar to a notepad. The virtual stylus, pen, or pencil may 
be configured without the user physically holding anything. 
Unlike a notepad, the writing or drawing may be done at a 
predetermined distance from display device 302 in sensation 
Zone 202. 

0065 Ultrasound pattern 328 can also be used for medical 
applications. For instance, with laparoscopic Surgery a phy 
sician located in the Surgery room or remote to the Surgery 
room may be able to feel or sense images or photos of organs 
of a patient provided by an internal Surgical camera and 
displayed on display device 302. Ultrasound pattern 328 may 
also be used to simulate pain of a patient to a doctor over the 
Internet. 
0066. In another example, ultrasound pattern 328 can be 
responsive to Voice or visual commands or recognition 
detected by sensors 126. Alternatively, ultrasound pattern328 
can be a preprogrammed texturized pattern to notify the user 
of an incoming call, similar to a customized ringtone. Alter 
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natively, ultrasound pattern 328 may be used for providing a 
warning to a driver in relation to safety feature on an auto 
mobile. Alternatively, ultrasound pattern 328 may be used for 
enhancing icons on a system tray with each icon having a 
different characteristic vibration sensation. Alternatively, 
device 100 may be controlled remotely, either wired or wire 
lessly, via a server or cloud computing platform (not shown) 
via one or more network adapters 128. 
0067 Moreover, ultrasound pattern 328 can be used to 
replicate, simulate, enhance features for biometrics, musical 
instruments, video clips, editing audio tracks, editing video, 
computer aided designs (CAD), semiconductor layouts, 
e-books, a children's educational product, children's produc 
tivity or educational game, a general education product, a 3-D 
drawing tool, distance learning, or a pop-up children's books, 
as desired. 
0068 FIG. 5 is a process 500 for providing elevated, 
indented, or texturized sensations to an object near a display 
device using ultrasound. In the example given here, the object 
may be one or more fingers or hands at location points 206, 
208, and/or 210. Ultrasound source? detector 125 determines 
the initial object location and calculates a distance and angle 
relative to display device 302 (step 502) to calculate focal or 
control point vectors. For initialization, a user's fingers, hand, 
or a predetermined object may be place over a predetermined 
Zone over display device 302. Alternatively, a user's fingers, 
hand, or a predetermined object may be detected by digital or 
infrared cameras 334-334 using image orphoto recognition 
technology. Once the location of the object is determined, 
device 100 may display a preprogrammed image. Such as a 
virtual keyboard or icon, on display device 302 at the detected 
location. 
0069. Ultrasound source? detector 125 in combination 
with elevation, indenting, or texturizing controller 121 
projects or emits one or more ultrasound patterns, such as the 
ones shown in FIG.2e, having one or more focal or control 
points (step 504). In order to project a predetermined sensa 
tion, the intensity of ultrasound at one or more focal or control 
points may be varied. Also, in the case of multiple objects 
ultrasound source/detector 125 may be time multiplexed to 
project different ultrasound patterns to each object. Elevation, 
indenting or texturizing controller 121 focuses or adjusts 
focal or control point vectors (step 506). Ultrasound source/ 
detector 125 in combination with elevation, indenting or tex 
turizing controller 121 detects, tracks, or senses movement of 
focal or control points to determine momentum and/or Veloc 
ity of an object (step 508). While the object moves and is 
tracked, the ultrasound patterns provided to the object may 
vary based on images, text, video, or the like displayed on 
display device 302. 
0070. In order to enhance accuracy or user experience, 
device 100 may detect and track multitouch inputs by other 
fingers and/or input detected by other sensors (step 510). An 
animation or video of a generated Surface may be displayed 
on display device 302 for feedback and showing the tracking 
of the object (step 512). If an input, gesture, or command is 
recognized by ultrasound source/detector 125 in combination 
with elevation, indenting or texturizing controller 121 (step 
514), the input, gesture, or command is processed by one or 
more processors 102 (step 516) and information is retrieved 
based on the input, gesture, or command (step 518). 
0071 Although features and elements are described above 
in particular combinations, each feature or element can be 
used alone without the other features and elements or in 
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various combinations with or without other features and ele 
ments. The methods, processes, or flow charts provided 
herein may be implemented in a computer program, Software, 
or firmware incorporated in a computer-readable storage 
medium for execution by a general purpose computer or a 
processor. Examples of computer-readable storage mediums 
include a read only memory (ROM), a random access 
memory (RAM), a register, cache memory, semiconductor 
memory devices, magnetic media Such as internal hard disks 
and removable disks, magneto-optical media, and optical 
media such as CD-ROM disks, digital versatile disks (DVDs), 
and BluRay discs. 
0072 Suitable processors include, by way of example, a 
general purpose processor, a special purpose processor, a 
conventional processor, a digital signal processor (DSP), a 
plurality of microprocessors, one or more microprocessors in 
association with a DSP core, a controller, a microcontroller, 
Application Specific Integrated Circuits (ASICs), Field Pro 
grammable Gate Arrays (FPGAs) circuits, any other type of 
integrated circuit (IC), and/or a state machine. 
0073. A processor in association with software may be 
used to implement hardware functions for use in a computer, 
wireless transmit receive unit (WTRU) or any host computer. 
The programmed hardware functions may be used in con 
junction with modules, implemented inhardware and/or soft 
ware, Such as a camera, a video camera module, a video 
phone, a speakerphone, a vibration device, a speaker, a 
microphone, a television transceiver, a hands free headset, a 
keyboard, a Bluetooth R) module, a frequency modulated 
(FM) radio unit, a liquid crystal display (LCD) display unit, 
an organic light-emitting diode (OLED) display unit, a digital 
music player, a media player, a video game player module, an 
Internet browser, and/or any wireless local area network 
(WLAN) or Ultra Wide Band (UWB) module. 

Aug. 18, 2011 

What is claimed is: 
1. An apparatus for providing ultrasound sensations to a 

userata predetermined distance from the apparatus, the appa 
ratus comprising: 

a display device having a plurality of display pixels, a 
plurality of ultrasound transducers, and a plurality of 
ultrasound detectors; 

a controller coupled to the plurality of ultrasound transduc 
ers and the plurality of ultrasound detectors, where the 
controller controls transmit of ultrasound over air to the 
user by the plurality of ultrasound transducers and 
receives feedback information from the plurality of 
ultrasound detectors of reflections off of the user; and 

wherein the controller controls transmit of ultrasound over 
air to provide an ultrasound pattern having a plurality of 
ultrasound focal points to the user and tracks the motion 
of the user from received feedback from the plurality of 
ultrasound detectors to determine user input commands, 
where the user input commands are related to selection 
of a hyperlink displayed on the display device. 

2. A method for providing ultrasound sensations to a user at 
a predetermined distance from an apparatus, the method.com 
prising: 

controlling a plurality of ultrasound transducers to transmit 
ultrasound over air to the user; 

controlling a plurality of ultrasound detectors to receives 
feedback information of reflections off of the user; 

transmitting ultrasound over air to provide an ultrasound 
pattern having a plurality of ultrasound focal points to 
the user, and 

tracking the motion of the user from received feedback 
from the plurality of ultrasound detectors to determine 
user input commands, where user input commands are 
related to selecting a hyperlink displayed on a display 
device. 


