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1. 

SYSTEMAND METHOD FOR HAPTC 
DISPLAY OF DATA TRANSFERS 

TECHNICAL FIELD 

This disclosure relates generally to human interaction with 
touch screens and more particularly to the exchange of data 
between a computer coupled to a touch screen and a portable 
device worn by a user, with the exchange being accompanied 
by corresponding haptic effects. 

BACKGROUND 

New generation consumer and commercial devices 
increasingly rely on touch screen inputs and displays as the 
preferred method of exchanging information between a com 
puter and a user. For example, virtual buttons, sliders, and the 
like may be displayed on the display of a touch screen, and a 
user may indicate preferences or select among options by 
“pressing or otherwise manipulating these virtual inputs. It 
is expected that interaction between users and a wide variety 
of everyday devices using touch screens will become more 
and more prevalent until it is merely a part of everyday life. It 
also is becoming common for individuals to carry with them 
personal portable data storage devices such as USB flash 
drives, portable hard drives, memory cards, and the like. 
These devices are used by people to store a wide variety of 
useful data and information Such as, for instance, financial 
records, official documents, medical records, photographs 
and videos, and music files. It also is expected that this trend 
will continue until portable storage devices are just as com 
monly worn by individuals as wristwatches and jewelry. 
As the above trends continue to grow, improved and sim 

pler techniques for transferring data and information between 
computers and other devices and the portable storage devices 
of individuals will immerge. Presently, this type of transac 
tion may involve placement of an individual’s USB flash 
drive into a USB port of a computer. Recognition of the 
presence of the drive is displayed as an icon representing the 
drive in the graphical user interface (GUI) of the computer. A 
user may then drag files, folders, photographs, music files, 
and the like onto the displayed icon to copy or move them to 
the inserted USB flash drive. This can be done using a mouse 
or it may be accomplished by moving fingertips across a 
touchscreen. For each item dragged to the icon, a progress bar 
appears, and when the bar has progressed from left to right, 
the data transfer is complete. The user may then remove the 
USB flash drive from the USB port and carry it away with the 
transferred data stored thereon. 

While the above process for transferring information to a 
personal storage device is functional, it nevertheless is cum 
bersome, complicated, and requires at least a moderate 
degree of computer skills to accomplish. There is thus a 
present and growing need in view of the above trends for a 
simpler, more intuitive, and more interactive method of trans 
ferring information and data between a computer or other 
device having a display and the personal portable storage 
device of an individual. There is a related need for a continu 
ous notification to individuals that files are contained on their 
personal portable storage devices. It is to the provision of such 
methods that the present disclosure is primarily directed. 

SUMMARY 

A method and apparatus is disclosed for transferring data 
between a computer or other device having a touchscreen and 
the personal portable storage device of an individual. The 
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2 
method involves the use of a Bluetooth or other wireless 
personal data storage device worn by an individual in com 
bination with a special vibrotactile forearm display. The 
vibrotactile forearm display may take the form of a forearm 
band having a spaced array of vibrotactile actuators posi 
tioned to apply vibratory or haptic effects to the forearm of a 
user in predetermined patterns or sequences. The actuators 
are controlled by a controller, which also is coupled to the 
worn personal storage device. The computer is programmed 
to respond to touches and gestures applied to its surface by a 
USC. 

In one possible example, an individual wearing the per 
Sonal storage device and forearm display may approach a 
touch screen that displays, for instance, a photograph that the 
user wishes to load into the personal storage device. Of 
course, the photograph in this example may be replaced by an 
icon representing virtually any type of information Such as 
music files, documents, and the like. In the present example, 
however, the individual may simply touch the screen near the 
photograph and perform a finger gesture that is interpreted by 
the computer to indicate a request to upload the photograph to 
the individuals wireless storage device. The photograph on 
the screen may then move under the individuals hand, shrink, 
and disappear indicating that it is being delivered to the indi 
vidual’s personal storage device. Immediately thereafter, a 
haptic actuator of the vibrotactile forearm display near the 
individuals hand is activated, imparting a vibration indicat 
ing the start of data delivery. As more of the photograph is 
uploaded, haptic actuators higher and higher up the individu 
als forearm are actuated to indicate the progress of data trans 
fer. The individual thus feels the file moving up his or her arm. 
At the end of the transfer, a different haptic effect may be 
imparted to the individual’s forearm to indicate that the 
upload of the photograph is complete. Thereafter, the indi 
vidual may receive a continuous or periodic haptic effect 
through the forearm display to indicate that the uploaded file 
is still present. 

Thus, a method and apparatus is disclosed that renders the 
exchange of data and information with computers and other 
devices significantly more simple, intuitive, and useable. The 
method also includes haptic messages indicating the presence 
of an uploaded file and perhaps other status information from 
a personal storage device. These and other aspects, features, 
and advantages will be better understood upon review of the 
detailed description set forth below, taken in conjunction with 
the accompanying drawing figures, which are briefly 
described as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a forearm vibrotactile display and per 
Sonal storage device according to the disclosure. 

FIG. 2 illustrates a touchscreen video display coupled to a 
computer according to the disclosure. 

FIG. 3 illustrates an individual equipped with a wireless 
personal storage device and forearm vibrotactile display 
reaching for an image on a touch screen that the individual 
wishes to upload. 

FIG. 4 illustrates the individual touching the touch screen 
in the vicinity of the image to select the image and performing 
a finger gesture to request an upload. 

FIG.5 illustrates the image shrinking beneath the individu 
als hand as the data transfer begins and the corresponding 
activation of a first actuator of the vibrotactile forearm display 
to indicate haptically the beginning of data transfer. 
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FIG. 6 illustrates continued data transfer and sequential 
activation of additional actuators of the vibrotactile forearm 
display to indicate haptically the progress of data transfer. 

FIG. 7 illustrates data transfer near completion and the 
corresponding activation of actuators of the vibrotactile fore 
arm display. 

FIG. 8 illustrates the completion of data transfer and the 
application of a corresponding haptic effect through the fore 
arm vibrotactile display to indicate to the wearer that the 
transfer of the photograph to his or her personal storage 
device is complete. 

DETAILED DESCRIPTION 

Referring now in more detail to the drawing figures, 
wherein like reference numerals indicate like parts through 
out the several views, FIG. 1 shows a forearm vibrotactile 
display that embodies principles of the invention. The vibro 
tactile display 11 in this embodiment comprises a band or 
sleeve 13 that wraps around and is worn on the forearm 12 of 
an individual. A wireless personal memory device 14 Such as, 
for example, a Bluetooth enabled flash memory chip, is 
located in the sleeve and is capable of exchanging data with a 
computer wirelessly. An actuator controller 16 is disposed in 
the sleeve 13 and is operatively coupled to the memory device 
14 to monitor the status of data uploads to or downloads from 
the memory device. An array of vibrotactile actuators 18 are 
disposed in the sleeve 13 and are positioned such that, when 
activated, each actuator is capable of imparting a vibrational 
haptic sensation to the forearm 12 of the individual. In the 
illustrated embodiment, the actuators 18 arranged in a line 
extending up the forearm 12; however, this is not a limitation 
of the invention and the actuators may be arranged in any 
pattern or array desirable to Suit a particular application. 
Regardless of the configuration of the array of actuators, each 
actuator 18 is operably connected to the actuator controller 
16. The actuator controller is programmed to activate the 
actuators individually, sequentially, in groups, or otherwise as 
desired. Further, the actuator controller is capable of impart 
ing different vibrational haptic effects to one or all of the 
actuators with the different effects being distinguishable by 
the individual. For example, the controller may apply haptic 
sensations to the actuators in short bursts, long bursts, 
sequences of bursts, or haptic sensations with unique vibra 
tional profiles to impart various messages or information to 
the individual. 

FIG. 2 illustrates, in generic form, a touchscreen 22 having 
a display 24 that is touch enabled. The touchscreen is coupled 
to and controlled by a computer 21, which, in this embodi 
ment, is represented in generic form. However, the computer 
may be a stand alone computer as illustrated, or it may be a 
computer or controller embedded in a device such as, for 
instance, a kiosk, ATM machine, video game, cell phone, 
personal digital assistant (PDA), or other electronic device. 
The computer 21 is programmed to display images on the 
touch screen 22 Such as, for instance, graphic elements 26 
arranged on a background or field 23. The graphic elements 
26 will be discussed hereinas being photographs; however, it 
will be understood that they may be virtually any type of 
graphic element Such as, for instance, icons indicative of, or 
displays of files, folders, documents, spreadsheets, music, 
emails, voice mails, or any other type of information routinely 
displayed on a computer screen. The touch screen 22 also 
includes a touch sensitive panel overlying the display 24, 
which may be a capacitive touch panel, a resistive touch 
panel, or any other appropriate type of touch panel. The touch 
sensitive panel senses static and moving or dynamic touches 
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of the screen by an individual and transmits to the computer 
21 information indicative of the location of the touch on the 
screen as well as information about dynamic movements of a 
touch on the screen. In this way, an individual interacts 
through touch and finger gestures with the images and infor 
mation presented on the screen and the computer is pro 
grammed to interpret the touches and gestures as request, 
commands, directions, and the like. 

In general, the details of touch screen technology, vibro 
tactile actuators and controllers, and wireless data transfer are 
known to those of skill in the art and thus need not be 
described in detail here. However, the present invention, 
which makes use of these technologies, will now be described 
in greater detail with reference to FIGS. 3 through 8. These 
figures illustrate sequentially the method of this disclosure in 
one preferred embodiment. In particular, the methodology of 
the invention will be discussed within the context of an indi 
vidual interacting with a touch screen to upload an image on 
the screen into a wireless personal storage device worn by the 
individual. It should be understood, however, that the inven 
tion is not limited to or by the particular embodiment selected 
as an example of the invention. 

FIG. 3 illustrates a touch screen video display 22 display 
ing a field or background 24 upon which is displayed an 
image, which, in this example, is an image of a photograph 
20. An individuals arm is seen reaching toward the screen. A 
vibrotactile display 11 configured as discussed above is fitted 
on the forearm 12 of the individual. In this example, the 
individual has identified the photograph 20 as an item he or 
she wants to upload from the computer screen to his or her 
wireless personal storage device. In FIG. 4, the individual 
moves his or her hand 15 as indicated at 30, to touch the touch 
screen display 22 on or in the vicinity of the photograph 20. 
The computer coupled to the screen is programmed to inter 
pret this touch as a selection or identification of the photo 
graph 20 by the individual. 

In order to instruct the computer what the individual wishes 
done with the selected photograph, a finger gesture Such as, 
for example, a grasping motion of the fingers, is carried out on 
the Surface of the touchscreen. The computer is programmed 
to interpret the gesture as an instruction to upload the data 
embodying the photograph to the wireless personal storage 
device of the individual. The computer then establishes com 
munication with the individuals wireless personal storage 
device and initiates the data upload. In FIG. 5, upload of the 
data corresponding to the photograph 20 has begun as indi 
cated at 31. Concurrently with the beginning of the upload, 
the vibrotactile controller of the vibrotactile display 11 acti 
vates the vibrotactile actuator nearest the individuals hand, 
as indicated at 32. This provides the individual with vibratory 
haptic feedback confirming the beginning of the transfer of 
the photograph 20 to his or her personal storage device. At the 
same time, a visual cue Such as, for instance, manipulation of 
the photograph so that it appears to be "sucked' into the 
individuals hand, may be displayed on the touch screen 
display 22 as indicated in FIG. 5. 

In FIG. 6, the upload of data embodying the photograph 20 
proceeds. At the same time, the vibrotactile controller, which 
monitors the upload progress, sequentially activates the 
vibrotactile actuators as indicated at 32. In this way, the 
vibratory haptic sensation progressively moves up the indi 
viduals forearm indicating the progress of the upload. In a 
sense, the individual feels the file moving up his or her fore 
arm as the data is transferred. In FIG. 7, the upload is near 
completion, and all of the vibrotactile actuators have been 
activated, each in sequence, as an indication to the individual 
that the upload of the selected photograph to his or her per 
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sonal storage device is almost complete. Finally, in FIG. 8, the 
upload of data embodying the selected photograph is com 
plete and the photograph has disappeared from the Screen 22. 
At this point, the vibrotactile controller may signal comple 
tion by activating one or more of the vibrotactile actuators 
with a different and distinguishable haptic effect as indicated 
at 35. For example, as illustrated in FIG. 8, the actuator 
furthest from the individuals hand may be vibrated in a 
pulsed fashion or may be vibrated with a distinguishable 
vibratory profile. This signals the individual that the selected 
photograph is now uploaded to his or her personal storage 
device. 

After the photograph is uploaded, the vibrotactile control 
ler, monitoring the personal storage device, may activate one 
or more of the vibrotactile actuators so that the individual 
receives a continuous or intermittent haptic notification in his 
or her forearm vibrotactile display indicating that the file 
containing the photograph is present. When the individual 
arrives home, he or she may wish to download the photograph 
from his or her personal storage device to a personal home 
computer or other device incorporating a touch screen. If so, 
the individual may place his or her hand on the screen of the 
personal home computer and perform a finger or hand gesture 
that the computer is programmed to recognize as a request to 
download data from the personal storage device. The com 
puter establishes communication with the wireless personal 
storage device and download begins. Simultaneously, the 
vibrotactile actuators of the forearm display are activated by 
the controller in a pattern that implies or feels like the data is 
moving back down the individuals arm. For example, the 
actuators may be activated in the reverse sequence as they 
were activated during upload of the data. When the download 
is complete, a distinguishable haptic effect is imparted, and 
the photograph appears on the touch screen beneath the indi 
viduals hand. The data embodying the photograph is now 
stored inside the personal computer and is out of the individu 
als personal storage device. 

It will thus be seen that unique techniques and methodolo 
gies for selecting, uploading, and downloading data and 
information from and to computers coupled to touch screens 
is now disclosed. While the invention has been described 
within the context of preferred embodiments and methodolo 
gies, it will be understood that many other embodiments are 
possible, all within the scope of the invention. For example, 
the vibrotactile display need not be worn on the forearm of an 
individual but, instead, can be worn on a leg, around the torso, 
as a wristwatch, or at any other location on the body where 
haptic vibrotactile effects can be imparted. Further, the per 
Sonal storage device need not be integrated into the vibrotac 
tile display and directly coupled to the vibrotactile controller. 
It may, for example, be separately located and able to com 
municate wirelessly with the controller. The storage device 
may be a part of another device such as a cellphone, PDA, or 
music player. Further, while the vibrotactile actuators have 
been illustrated arrayed in a simple linear pattern, they might 
also be arranged in virtually any useful pattern for imparting 
vibrotactile haptic effects to an individual. There also may be 
only one vibrotactile actuator, on which multiple haptic pat 
terns are displayed in order to represent interface operations. 
Finally, it should be clear that the invention is not limited to 
the upload and download of photographs as in the preferred 
embodiments. Indeed, the present application is applicable to 
any electronic data or information that an individual might 
want to upload to a personal memory device Such as docu 
ments, music files, folders, spreadsheet data, emails, Voice 
mails, and many others. In most of these alternative modes, 
the data will be represented on the screen by an appropriate 
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6 
icon rather than an image as in a photograph. Finally, while in 
the preferred embodiments, the vibrotactile sensations are 
imparted sequentially, the may just as well be imparted in 
other patterns overtime. The word “spatiotemporal” may thus 
be used to refer to the broader class of patterns and sequences 
through which vibrotactile sensations can be applied. These 
and other additions, deletions, and modifications might be 
made to the preferred embodiments illustrated herein without 
departing from the spirit and scope of the invention as set 
forth in the claims. 

What is claimed is: 
1. A method of transferring digital information from a first 

electronic device to a second electronic device comprising: 
receiving a selection of information on the first electronic 

device to be transferred to the second electronic device; 
establishing communication between the first electronic 

device and the second electronic device; 
causing the selected information to be transferred from the 

first electronic device to the second electronic device, 
wherein the second electronic device stores the selected 
information based on the transfer; 

imparting a first vibrotactile sensation that indicates a 
beginning of the transfer of the selected information; 

imparting a second vibrotactile sensation that indicates a 
progress of the transfer of the selected information, 
wherein imparting the second vibrotactile sensation 
comprises 

imparting vibrotactile sensations sequentially in a prede 
termined spatial array via an array of vibrotactile actua 
tors disposed in aband or sleeve worn on the individuals 
arm based on the progress of the transfer of the selected 
information; 

imparting a third vibrotactile sensation that indicates a 
completion of the transfer of the selected information; 
and 

imparting a continuous or intermittent vibrotactile sensa 
tion after the third vibrotactile sensation to indicate that 
the selected information is stored at the second elec 
tronic device. 

2. The method of claim 1, wherein the information or an 
icon representing the information is displayed on a touch 
screen of the first electronic device. 

3. The method of claim 2, wherein receiving the selection 
of information on the first electronic device further comprises 
receiving a touch on the touch screen in the vicinity of the 
displayed information or icon. 

4. The method of claim3, wherein receiving a touch on the 
touch screen further comprises receiving a hand gesture on 
the touch screen. 

5. The method of claim 1, wherein establishing communi 
cation between the first electronic device and the second 
electronic device further comprises establishing wireless 
communication between the first electronic device and the 
second electronic device. 

6. The method of claim 1, wherein the second electronic 
device comprises a personal storage device. 

7. The method of claim 6, the method further comprising: 
wirelessly receiving the selected information and storing, 

at the personal storage device, the selected information. 
8. The method of claim 1, wherein causing the selected 

information to be transferred from the first electronic device 
to the second electronic device further comprises causing the 
selected information to be wirelessly transmitted to the sec 
ond electronic device. 

9. The method of claim 1, wherein the spatial array com 
prises a line. 
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10. A method of providing an indication of a transfer of 
information between a first electronic device and a second 
electronic device, the method comprising: 

imparting a first vibrotactile sensation that indicates a 
beginning of the transfer of information between the first 
electronic device and the second electronic device; 

imparting a second vibrotactile sensation that indicates a 
progress of the transfer of information between the first 
electronic device and the second electronic device, 
wherein imparting the second vibrotactile sensation 
comprises 
imparting vibrotactile sensations sequentially in a pre 

determined spatial array via an array of vibrotactile 
actuators disposed in a band or sleeve worn on the 
individuals arm based on the progress of the transfer 
of the information; 

imparting a third vibrotactile sensation that indicates a 
completion of the transfer of information; and 

imparting a continuous or intermittent vibrotactile sensa 
tion after the third vibrotactile sensation to indicate that 
the information is stored at the second electronic device. 

11. The method of claim 10, wherein the first electronic 
device comprises a computer and the second electronic 
device comprises a personal storage device. 

12. The method of claim 11, wherein the computer includes 
a touch screen display and wherein the information to be 
transferred is selected based on the touchscreen display being 
engaged by a user in a predetermined manner. 

13. A vibrotactile display device comprising: 
a plurality of Vibrotactile actuators arranged in a predeter 
mined array on a wearable item with a first vibrotactile 
actuator, a second vibrotactile actuator, and a third 
Vibrotactile actuator being arranged in a line, the wear 
able item configured to be worn by an individual on a 
predetermined portion of the body; and 

an actuator controller coupled to the plurality of vibrotac 
tile actuators, the controller being configured to: 
actuate the first vibrotactile actuator to impart a first 

vibrotactile sensation to the predetermined portion of 
the body that indicates a beginning of a transfer of 
information between a first electronic device and a 
second electronic device; 

actuate the first vibrotactile actuator, the second vibro 
tactile actuator and the third vibrotactile actuator 
sequentially along the line to sequentially impart the 
first Vibrotactile sensation, a second vibrotactile sen 
sation, and a third vibrotactile sensation, respectively, 
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to the predetermined portion of the body that indicates 
a progress of the transfer of information between the 
first electronic device and the second electronic 
device; 

actuate the third vibrotactile actuator to impart the third 
vibrotactile sensation to the predetermined portion of 
the body that indicates a completion of the transfer of 
information between the first electronic device and 
the second electronic device; and 

actuate the first vibrotactile actuator, the second vibro 
tactile actuator, and/or the third vibrotactile actuator 
to imparta continuous or intermittent vibrotactile sen 
sation to the predetermined portion of the body after 
the third vibrotactile sensation to indicate that the 
selected information is stored at the second electronic 
device. 

14. The vibrotactile display device of claim 13, wherein the 
wearable item is an armband. 

15. The vibrotactile display device of claim 13, wherein the 
first vibrotactile actuator, the second vibrotactile actuator, 
and the third Vibrotactile actuator are actuated sequentially 
along the line in a first direction to indicate progress of an 
upload of information between the first electronic device to 
the second electronic device. 

16. The vibrotactile display device of claim 15, wherein the 
first vibrotactile actuator, the second vibrotactile actuator, 
and the third Vibrotactile actuator are actuated sequentially 
along the line in a second direction opposite the first direction 
to indicate progress of a download of information between the 
second electronic device to the first electronic device. 

17. The vibrotactile display device of claim 13, wherein the 
first vibrotactile sensation imparted by the first vibrotactile 
actuator is a different vibrotactile haptic effect from the sec 
ond vibrotactile sensation imparted by the second vibrotactile 
actuator. 

18.The vibrotactile display device of claim 14, wherein the 
armband is coupled to a memory device configured to store 
transferred information. 

19. The method of claim 1, wherein the first electronic 
device is a cell phone and the second electronic device is a 
wristwatch. 

20. The method of claim 10, wherein the first electronic 
device is a cell phone and the second electronic device is a 
wristwatch. 

21. The vibrotactile display device of claim 13, wherein the 
wearable item is a wristwatch. 
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