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(57) Abrégée/Abstract:
A user with a cell phone Interacts, in a personalized session, with an electronic sign system In some embodiments, the user's
location relative to the sign Is discerned from camera imagery - either imagery captured by the cell phone (i.e., of the sign), or
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(57) Abrege(suite)/Abstract(continued):

captured by the sign system (l.e., of the user). Demographic information about the user can be estimated from imagery captured
acquired by the sign system, or can be accessed from stored profile data associated with the user. The sign system can transmit
payoffs (e.g., digital coupons or other response data) to viewers - customized per user demographics In some arrangements, the
payoff data Is represented by digital watermark data encoded in the sign age content. The encoding can take into account the
user's location relative to the sign - allowing geometrical targeting of different payoffs to differently-located viewers.
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(57) Abstract: A user with a cell phone mteracts, in a per-
sonalized session, with an electronic sign system In some
embodiments, the user's location relative to the sign is dis-
cerned from camera imagery - either imagery captured by
the cell phone (i.e., of the sign), or captured by the sign
system (1.e., of the user). Demographic mformation about
the user can be estimated from imagery captured acquired
by the sign system, or can be accessed from stored profile
data associated with the user. The sign system can transmit
payolls (e.g., digital coupons or other response data) to
viewers - customized per user demographics In some ar-
rangements, the payottf data is represented by digital water-
mark data encoded in the sign age content. The encoding
can take mto account the user's location relative to the sign
- allowing geometrical targeting of different payotis to dif-
ferently-located viewers.
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NARROWCASTING FROM PUBLIC DISPLAYS, AND RELATED ARRANGEMENTS

Related Application Data

In the United States, this application claims priority to provisional application
61/157,153, filed March 3, 2009.

The present technology relates to that detailed 1n the assignee’s copending applications
12/2°71,772, tiled November 14, 2008; 12/484,115, filed June 12, 2009 (published as
US20100048242); 12/490,980, filed June 24, 2009; PCT/US09/54358, tiled August 19, 2009
(published as W0O2010022185); PCT/US2010/021836, filed January 22, 2010; and 12/712,176,
filed February 24, 2010.

The principles and teachings from the just-noted work are intended to be applied in the

context of the presently-detailed arrangements, and vice versa.

Technical Field

The present technology relates to electronic displays, and more particularly relates to

arrangements employing portable devices (e.g., cell phones) to interact with such displays.

Background and Introduction

Electronic display screens are becoming prevalent in public places, and are widely used
for advertising. Some display systems try to heighten viewer engagement by interactivity ot
various sorts.

Frederik Pohl’s 1952 science fiction novel The Space Merchants foreshadowed

interactive electronic advertising. A character complains that every time he turned to look out the
window of an airplane, “wham: a ... Taunton ad for some crummy product opaques the window
and one of their nagging, stupid jingles drills into your ear.”

Fifty years later, in the movie Minority Report, Tom Cruise tries to unobtrusively walk
through a mall, only to be repeatedly 1dentitied and hailed by name, by electronic billboards.

Published patent application WO 2007/120686 by Quividi discloses electronic billboards
equipped with camera systems that sense viewers and estimate their ages and genders. Ads can
be targeted 1n accordance with the sensed data, and audience measurement information can be
compiled.

TruMedia markets related automated audience measurement technology, used 1n
connection with electronic billboards and store displays. A sign can present an ad tor perfume 1t

it detects a woman, and an ad for menswear 1t if detects a man.
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Mobile Trak, Inc. otfers a SmarTrak module for roadside signage, which monitors stray
local oscillator emissions from passing cars, and thereby discerns the radio stations to which they
are tuned. Again, this information can be used for demographic profiling and ad targeting.

BluScreen 1s an auction-based tramework for presenting advertising on electronic
signage. 'The system senses Bluetooth transmissions from nearby viewers who allow profile data
from their cell phones to be publicly accessed. BluScreen passes this protile data to advertisers,
who then bid for the opportunity to present ads to the identitied viewers.

The French institute INRIA has developed an opt-in system 1n which an electronic public
display board senses mobile phone numbers of passersby (by Bluetooth), and sends them brief
messages or content (e.g., ringtones, videos, discount vouchers). The content can be customized
in accordance with user profile information shared from the mobile phones. See, e.g., US patent
publication 20090047399.

BlueFire otfers several interactive signage technologies, using SMS messaging or
Bluetooth. One invites observers to vote in a poll, e.g., who will win this weekend’s game?
Once the observer 1s thus-engaged, an advertiser can respond electronically with coupons,
content, etc., sent to the observer’s cell phone.

A marketing campaign by Ogilvy fosters user engagement with electronic signage
through use of rewards. A sign invites viewers to enter a contest by sending an SMS message to
a specified address. The system responds with a question, which — 1t the viewer responds with
the correct answer — causes the sign to present a congratulatory fireworks display, and enters the
viewer 1n a drawing for a car.

Certain embodiments of the present technology employ digital watermarking. Digital
watermarking (a form ot steganography) 1s the science of encoding physical and electronic
objects with plural-bit digital data, in such a manner that the data is essentially hidden from
human perception, yet can be recovered by computer analysis. In electronic objects (e.g., digital
audio or imagery — including video), the data may be encoded as slight variations in sample
values (e.g., luminance, chrominance, audio amplitude). Or, 1t the object is represented 1in a so-
called orthogonal domain (also termed “‘non-perceptual,” e.g., MPEG, DCT, wavelet, etc.), the
data may be encoded as slight variations in quantization or coefficient values. The present
assignee’s patents 6,122,403, 6,590,996, 6,912,295 and 7,027,614, and application 12/337,029
(tfiled December 17, 2008) are illustrative ot certain watermarking technologies.

Watermarking can be used to imperceptibly tag content with persistent digital identifiers,
and finds myriad uses. Some are in the realm of device control — €.g., conveying data signaling

how a recei1ving device should handle the content with which the watermark 1s conveyed. Others
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encode data associating content with a store of related data. For example, a photograph published
on the web may encode a watermark payload identifying a particular record 1n an online database.
That database record, in turn, may contain a link to the photographer’s web site. Patent 6,947,571
details a number of such “‘connected-content™ applications and techniques.

Digital watermarking systems typically have two primary components: an encoder that
embeds the watermark 1n a host media signal, and a decoder that detects and reads the embedded
watermark from the encoded signal. The encoder embeds a watermark by subtly altering the host
media signal. The payload ot the watermark can be any number of bits; 32 or 128 are popular
payload sizes, although greater or lesser values can be used (much greater 1n the case of video — it
plural frames are used). The reading component analyzes a suspect signal to detect whether a
watermark 1s present. (The suspect signal may be image data captured, e.g2., by a cell phone
camera.) If a watermark signal 1s detected, the reader typically proceeds to extract the encoded
information from the watermark.

One popular form of watermarking redundantly embeds the payload data across host
imagery, in tiled fashion. Each tile conveys the entire payload, permitting a reader to extract the
payload even if only an excerpt of the encoded 1mage 1s captured.

In accordance with one aspect of the present technology, different digital watermark
messages are “‘narrowcast” to each ot plural different observers of an electronic sign. In one
arrangement, the location of each observer relative to the sign 18 determined. Watermarks are
then geometrically designed for the different observers, in accordance with their respective
viewpoints. For example, the watermark tiles can be pre-distorted to compensate for distortion
introduced by each observer’s viewing perspective. The payloads of the various watermarks can
be tailored 1n accordance with sensed demographics about the respective observers (e.g., age,
gender, ethnicity). Imagery encoded with such thus-arranged watermark signals 1s then presented
on the sign.

Due to the different geometries of the different watermarks, different observers detect
different watermark payloads. Thus, a teen boy in the right-foreground of the sign’s viewing area
may receive one payload, and an adult man 1n the left-background of the sign’s viewing area may
receive a ditferent payload. The former may be an electronic coupon entitling the teen to a dollar
off a Vanilla Frappuccino drink at the Starbucks down the mall; the latter may be an electronic
coupon for a tree New York Times at the same store. As different people enter and leave the
viewing area, ditferent watermarks can be respectively added to and removed from the displayed

sign content.
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The locations of the respective observers can be detected straightforwardly by a camera
associated with the electronic sign. In other embodiments, determination of location can proceed
by reference to data provided from an observer’s cell phone, e.g., the shape of the sign as
captured by the cell phone camera, or location data provided by a GPS or other position-
determining system associated with the cell phone.

Current watermark detectors excel at recovering watermarks even from severely distorted
content. Accordingly, the detector in a viewer’s cell phone may detect a watermark not tailored
for that viewer’s position. The preferred watermark detector outputs one or more parameters
characterizing attributes of the detected watermark (e.g., rotation, scale, bit error rate, etc.). The
detection sottware may be arranged to provide ditferent responses, depending on these
parameters. For example, it the scale 18 outside a desired range, and the bit error rate 1s higher
than normal, the cell phone can deduce that the watermark was tailored for a different observer,
and can provide a detault response rather than the particular response indicated by the
watermark’s payload. E.g., instead of a coupon tor a dollar off a Vanilla Frapppuccino drink, the
default response may be a coupon tor tifty cents ott any Starbucks purchase.

In other embodiments, ditferent responses are provided to ditferent viewers without
geometrically tailoring different watermarks. Instead, all viewers detect the same watermark
data. However, due to ditferent profile data associated with ditferent viewers, the viewer devices
respond difterently.

For example, software on each user device may send data from the detected watermark
payload to a remote server, together with data indicating the age and/or gender of the device
owner. The remote server can return different responses, accordingly. To the teen boy, the server
may issue a coupon for free popcorn at the nearby movie theater. To the adult man, the server
may issue a coupon tor half-off a companion’s theater admission.

In a related example, ditferent watermarks are successively presented in ditferent frames
of a video presentation on the display screen. Each watermark payload includes a tew or several
bits indicating the audience demographic or context to which it 1s targeted (e.g., by gender, age,
ethnicity, home zip code, education, political or other orientation, social network membership,
etc.). User devices examine the ditferent watermark signals, but take action only when a
watermark corresponding to demographic data associated with a user of that device 1s detected
(e.g., stored in a local or remote user profile dataset).

In still a further arrangement, difterent frames of watermark data are tailored tor different
demographic groups of viewers 1in accordance with a time-multiplexed standard - synchronized to

a reference clock. The first frame 1n a cycle of, e.g., 30 frames, may be targeted to teen boys.
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The second may be targeted to teen girls, etc. Each receiving cell phone knows the demographic
of the owner and, by consulting the cell phone’s time base, can 1identity the frame of watermark
intended for such a person. The cycle may repeat every second, or other interval.

In another arrangement, the multiplexing of different watermarks across the visual screen
channel can be accomplished by using different image frequency bands to convey ditferent
watermark payloads to ditferent viewers.

Some embodiments of the present technology make no use of digital watermarks. Yet
ditferently-located viewers can nonetheless obtain ditferent responses to electronic signage.

In one such arrangement, the locations of observers are determined, together with their
respective demographics, as above. The sign system then determines what responses are
appropriate to the difterently-located viewers, and stores corresponding data in an online
repository (database server). For the teen boy 1n the right foreground of an electronic sign tor the
Gap store, the system may store a coupon tor a tree trial size bottle of cologne. For the middle
aged woman 1in the center background, the stored response may be a tive dollar Gap gift
certificate.

When an observer’s cell phone captures an image of the sign, data related to the captured
imagery 1s transmitted to a computer associated with the sign. Analysis software, e.g., at that
computer, determines — from the size of the depicted sign, and the length ratio between two of its
sides (or other geometrical analysis), the viewer’s position. With this information the computer
retrieves corresponding response information stored by the sign, and returns it back to the
observer. The teen gets the cologne, the woman gets the gitt certificate.

The toregoing and other features and advantages of the present technology will be more
readily apparent from the following detailed description, which proceeds with reterence to the

accompanying drawings.

Brief Description ot the Drawings

Fig. 1 18 a diagram showing some ot the apparatus employed 1n an illustrative
embodiment.

Fig. 2 shows a tield of view of a camera mounted on top of an electronic sign, including
two viewers, and S1X viewing zones.

Fig. 3 1s a perspective view of two viewers 1n a viewing zone of an electronic sign.

Fig. 4 1s a diagram showing that the direction to each viewer can be characterized by a
horizontal azimuth angle A and a vertical elevation angle B.

Fi1g. 5 1s a view of an electronic sign with a displayed message.
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Figs. 6 and 7 are views of the Fig. 5 sign, as seen by the two observers in Figs. 2 and 3.

Fig. 8A 1s a top-down view showing, for four vertical zones A-D ot a display screen, how
more distant parts of the screen subtend smaller angles for a viewer.

Fig. 8B shows how the phenomenon of Fig. 8A can be redressed, by pre-distorting
information presented on the screen.

Fig. 9 shows a display pre-distorted in two dimensions, 1in accordance with position of a
VIEWET.

Fig. 10 shows how two watermarks, with different pre-distortion, can be presented on the
screen.

Fig. 11 shows how the pre-distortion of presented watermark information can be varied,
as the position of an observer varies.

Fig. 12 shows how the size of a watermark tile can be tailored, by a watermark encoder,
to target a desired observer.

Figs. 13A and 13B show partial screen views as captured by a cell phone.

Fig. 14 shows a pattern by which direction and distance to a screen can be determined.

Fig. 15 is a diagram showing an illustrative 64 bit watermark payload.

Detailed Description

Fig. 1 shows some of the apparatus employed 1n one implementation of the present
technology. An electronic display system portion includes a display screen 10, a camera 12, and
a computer 14. The display screen may include a loudspeaker 15, or such a speaker may be
separately associated with the system. The computer 14 has connectivity to other devices by one
or more arrangements such as internet, Bluetooth, etc. The computer 14 controls the information
displayed on the display screen. (A single computer may be responsible for control of many
screens — such as in an airport.)

The display screen 10 18 viewed by an observer carrying an imaging device, such as a cell
phone (smart phone) 16. It, too, has connectivity to other devices, such as by internet, Bluetooth,
cellular (including SMS), etc.

Also involved in certain embodiments are one or more remote computers 13, with which
the just-noted devices can communicate by internet or otherwise.

Figs. 2 and 3 show two observers 22, 24 viewing the electronic sign 10. In this example
a viewing area 26 in front of the sign is arbitrarily divided into six zones: left, center and right (as
viewed from the sign) — each with foregoing and background positions. Observer 22 1s in the left

foreground, and observer 24 1s in the center background.
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Camera 12 captures video of the viewing area 26, e.g., from atop the sign 10. From this
captured image data, the computer 14 determines the position ot each observer. The position may
be determined 1n a gross sense, €.2., by classifying each viewer in one of the six viewing zones of
Fig. 2. Or more precise location data can be generated, such as by identifying the azimuth (A),
elevation (B) and length of a vector 32 trom the middle of the screen to the mid-point of the
observer’s eyes, as shown in Fig. 4. (Distance to the viewer can be estimated by reference to the
distance — 1n pixels — between the users’ eye pupils, which 1s typically 2.8 — 3.1 inches.)

(The camera system 12 may be modeled, or measured, to understand the mapping
between pixel positions within its field of view, and orientations to viewers. Each pixel
corresponds to imagery incident on the lens from a unique direction.)

Fig. 5 shows a display that may be presented on the electronic sign 10. Figs. 6 and 7
show this same sign from the vantage points of the lett foreground observer 22, and the center
background observer 24, respectively. The size and shape of the display perceived by the
different observers depends on their respective positions. This 1s made clearer by Fig. SA.

Fig. 8A shows a top-down view of the screen 10, with an observer 82 positioned in front
of the screen’s edge. It the screen 1s regarded as having tour equal-width vertical quarter-panels
A-D, 1t will be seen that the nearest panel (D) subtends a 45 degree angle as viewed by the
observer 1n this case. The other quarter-panels C, B and A subtend progressively smaller ranges
of the observer’s field of view. (The entire screen fills about 76 degrees of the observer’s field of
view, so the 45 degree apparent width of the nearest quarter-panel 18 larger than that of the other
three quarter-panels combined.)

This phenomenon distorts the imagery presented on the screen, as viewed by the
observer. The human eye and brain, or course, have no trouble with this distortion; it 18 taken for
granted - ever-present 1n nearly everything we see.

It a watermark 1s hidden 1n the 1magery, it will be similarly distorted as viewed by the
cell phone 16. In a watermark of the tiled variety, tiles nearest the viewer will appear relatively
larger, and tiles further away will appear relatively smaller. Contemporary watermark detectors,
such as those disclosed in patent 6,590,996, are robust to such distortion. The detector assesses
the scale and rotation of each component tile, and then decodes the payload from each. The
payloads trom all of the decoded tiles are combined to yield output watermark data that 1s reliable
even 1f data from certain tiles 1s unreadable.

Notwithstanding this capability, in one implementation of the present technology the
watermark pattern hidden in the imagery 1s pre-distorted in accordance with the location of the

observer so as to counteract this perspective distortion. Fig. 8B illustrates one form of such pre-
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distortion. If the screen 10 1s again regarded as having four vertical panels, they are now ot
ditterent widths. The furthest panel A’ 1s much larger than the others. The pre-distortion 1s
arranged so that each panel subtends the same angular tield of view to the observer (in this case
about 19 degrees).

To a tirst approximation, this pre-distortion can be viewed as projecting the watermark
from screen 10 onto a virtual screen 10’, relative to which the observer 1s on the center axis &4.

Fig. 9 shows the result of this watermark pre-distortion, in two dimensions. Each
rectangle in Fig. 9 shows the extent of one illustrative watermark tile. Tiles nearest the viewer
are relatively smaller; those remote are relative larger.

The tile widths shown 1n Fig. 9 correspond to widths A’ — D’ of Fig. 8B. The tile heights
also vary 1n accordance with vertical position of the observer’s perspective (here regarded to be
along the vertical mid-line of the screen). Tiles near the top and bottom of the screen are thus
taller than tiles along the middle.

When the watermark tiles are pre-distorted in the Fig. 9 fashion, the watermark detector
finds that each tile has substantially the same apparent scale. No longer does a portion of the
screen closer to the observer present larger tiles, etc. It 1s as if the watermark detector 1s seeing
the screen from a point along the central axis projecting from the screen, from a distance.

As shown 1n Fig. 10, the computer 14 can vary the distortion of the watermark pattern
presented on the display screen, in accordance with changes in the detected position of the
observer. So it the observer moves from one side of the screen to another, the pre-distortion ot
the watermark pattern can tollow the observer accordingly.

Note that advertising, or other human-perceptible imagery presented on the screen 10, 1s
not pre-distorted. That 18, the human viewer sees the advertising with the familiar location-
dependent perspective distortion etfects that we see all the time. The watermark detector,
however, sees a substantially undistorted, unitorm watermark pattern — regardless of observer
(cell phone) location.

The same arrangement can be extended to plural different observers. The electronic sign
system can present several different watermark patterns on screen 10 — each targeting a different
observer. The different patterns can be interleaved 1n time, or presented simultaneously.

The use of multiple watermark patterns on the same display screen 1s conceptually
illustrated by patterns 42 and 44 in Fig. 11. The first watermark pattern 42 (depicted in fine solid
lines) 1s an array of pre-distorted tiles identical to that of Fig. 9. The second pattern 44 (depicted
in bold dashed lines) 1s a ditferent array of tiles, configured for a ditferent observer. In particular,

this second pattern 18 evidently targeted for an observer viewing from the center axis of the
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display, from a distance (because the tiles are all of uniform size). The intended observer of
pattern 44 1s also evidently further from the screen than the intended observer of pattern 42 (1.e.,
the smallest tile of watermark pattern 44 1s larger than the smallest tile of watermark pattern 42 —
indicating a more remote viewing perspective 1s intended).

In the case of time-sequential interleaving of different watermarks, the computer 14
encodes ditferent trames of displayed content with ditferent watermark patterns (each determined
in accordance with location of an observer). The applied watermark pattern can be changed on a
per-frame basis, or can be held static for several frames before changing. Decoders in observing
cell phones may decode all the watermarks, but may be programmed to disregard those that
apparently target ditferently-located observers. This can be discerned by noting variation in the
apparent scale of the component watermark tiles across the field of view: if the tiles within a
trame are differently-scaled, the pattern has evidently been pre-distorted tor a ditferent observer.
Only it all of the tiles in a frame have substantially unitorm scale does the cell phone detector
regard the pattern as targeted tor that observer, and take action based thereon.

In the case of simultaneous display of plural watermark patterns, the computer 14
computes the patterns individually (again, each based on targeted observer location), and then
combines the patterns tor encoding into the displayed content.

In this implementation, decoders 1n observing cell phones are tuned relatively sharply, so
they only respond to watermark tiles that have a certain apparent size. Tiles patterns that are
larger or smaller are disregarded — treated like part of the host image content: noise to be 1gnored.

To illustrate, consider a camera with an 1image sensor that outputs 1mages ot size 1200 by
1600 pixels. The camera’s watermark decoder parameters may be tuned so that it responds only
to watermark tiles having a nominal size ot 200 pixels per side, +/- 10 pixels.

For sake of simplicity, imagine the electronic display screen has the same aspect ratio as
the camera sensor, but is 4.5 feet tall and 6 feet wide. Imagine, further, that the intended viewer
1s on the sign’s center line — far enough away that the sign only fills a fourth of the camera’s field
of view (1.e., half in height, half in width, or 600 x 800 camera pixels). In this arrangement, the
computer 14 must size the displayed watermark tiles to be 1.5 teet on a side 1n order to target the
intended observer. That 1s, for the watermark tiles to be imaged by the camera as squares that are
200 pixels on a side, three of them must span the sign vertically, and tour across, as shown in Fig.
12. (For clarity of illustration, the uniform tile grid of Fig. 12, and of pattern 44 in Fig. 11,
ignores the pre-distortion that may be applied to counteract the apparent distortion caused by the
observer’s perspective from the sign’s center line, 1.€., that tiles the lett and right edges ot the sign

are further away and so should be enlarged, etc.)
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It will be recognized that the same narrow tuning of the watermark detector can be
employed in the time-sequential interleaving of different watermark patterns — to distinguish the
intended watermark pattern from patterns targeting other observers.

By the arrangements just-described, displayed watermark patterns take into account the
positions of targeted observers. The payloads of these watermarks can also be tailored to the
targeted observers.

In one particular arrangement the payloads are tailored demographically. The
demographics may be determined from 1imagery captured by the camera 12 (e.g., age, ethnicity,
gender). Alternatively, or in addition, demographic data may be provided otherwise, such as by
the individual. For example, data stored in the individual’s cell phone, or in the individual’s
FaceBook profile, may be available, and may reveal information including home zip code and
area code, income level, employment, education, musical and movie preferences, fashion
preferences, hobbies and other interests, triends, travel destinations, etc.

Demographics may be regarded as a type of context. One definition of context 1s “Any
information that can be used to characterize the situation of an entity. An entity is a person, place
or object that 1s considered relevant to the interaction between a user and an application,
including the user and applications themselves.”

Context information can be of many sorts, including the computing context (network
connectivity, memory availability, CPU contention, etc.), user context (user protile, location,
preferences, nearby friends, social network(s) and situation, etc.), physical context (e.g., lighting,
noise level, traftic, etc.), temporal context (time of day, day, month, season, etc.), history of the
above, etc. These and other contextual data can each be used as a basis for different watermark
payloads (or, more generally, as a basis tor ditferent responses/payotis to the user).

The position of the viewer needn’t be determined by use of a camera associated with the
electronic signage. Instead, data sensed by the viewer’s cell phone can be used. There are a
variety of approaches.

A preliminary 1ssue in some embodiments 18 1dentifying what screen the viewer 1s
watching. This information allows the user’s cell phone to communicate with the correct
electronic sign system (or the correct control system, which may govern many individual
electronic signs). Often this step can be skipped, because there may only be one screen nearby,
and there 1s no ambiguity (or the embodiment does not require such knowledge). In other
contexts, however, there may be many screens, and analysis first needs to 1dentify which one 1s
being viewed. (Contexts with several closely-spaced screens include trade shows and airport

CONCourses.)
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One way to 1identity which screen 1s being watched is by reterence to data indicating the
position of the viewer, e.g., by latitude and longitude. If the positions of candidate screens are
similarly known, the screen from which a viewer 1s capturing imagery may be determined by
simple proximity.

GPS 1s a familiar location sensing technology, and can be used in certain embodiments.
In other embodiments GPS may not suffice, e.g., because the GPS signals do not penetrate
indoors, or because the positional accuracy 1s not sutficient. In such cases alternative location
technologies can be used. One is detailed in published patent application WOO08/073347.

It latitude/longitude or the like leaves ambiguity, other position data relating to the
viewer can be employed, such as magnetometer and/or accelerometer data indicating the compass
direction towards which the cell phone 1s facing, and its inclination/declination relative to
horizontal. Again, if the positions ot the screens are adequately characterized, this information
can allow unique identification of one screen from among many.

In other arrangements, screen content 18 used to 1dentify the presentation being viewed.
An 1mage captured by the viewer’s cell phone can be compared with imagery recently presented
by a set of candidate screens, to find a best match. (The candidate screens may be 1dentified by
their gross geographic location, €.g., Portland Airport, or other methods tor constraining a set of
possible electronic signs can be employed.) The comparison can be based on a simple statistical
metric, such as color histogram. Or 1t can be based on more detailed analysis — such as teature
correlation between the cell phone 1mage, and images presented on the candidate screens. Myriad
comparison techniques are possible. Among them are those based on SIFT or image
fingerprinting (both discussed below).

Digital watermark data encoded in the displayed imagery or video can also serve to
identity the content/screen being watched.

(Sometimes several screens may be presenting the same visual content. In such case it
may not matter whether the viewer 1s watching a screen in Concourse A or B, or in New York or
California. Rather, what 1s relevant 1s the content being viewed.)

Similarly, audio content may be used to 1identify the content/screen to which the viewer 1s
being exposed. Again, watermarking or comparison-based approaches (e.g., fingerprinting) can
be used to perform such 1dentification.

In other arrangements, still other screen 1dentification techniques can be used. For
example, a subliminal identifier can be emitted by the electronic sign (or associated loudspeaker)
and discerned by the viewer’s cell phone. In one such arrangement, luminance of the screen 1s

subtly modulated to convey a binary identifier that 1s sensed by the phone. Similarly, an LED or
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other emitter positioned along the bezel of the screen can transmit an 1identifying pattern.
(Infrared illumination can be used, since most cell cameras have some sensitivity down 1nto
infrared.)

In some embodiments, a remote server, such as server 13 in Fig. 1, receives position or
image data from an inquiring cell phone, and determines — e.g., by comparison with reference
data — which sign/content 1s being viewed. The remote server may then look-up an IP address for
the corresponding computer 14 from a table or other data structure, and inform the sign system of
the viewing cell phone. It may also transmit this address information to the cell phone — allowing
the phone to communicate directly with the sign system. (Other communication means can
alternatively be used. For example, the remote server can provide the cell phone with Bluetooth,
Wik, or other data enabling the cell phone to communicate with the sign system.) By such
arrangements, a virtual session can be established between a phone and a sign system, defining a
logical association between the pair.

Once the screen (or content) being viewed 18 known, the viewer’s position relative to the
screen can be determined.

Again, one technique relies on position data. If sutficient positional accuracy 1s
available, the perspective from which an observer 1s viewing an electronic sign can be determined
from knowledge of the observer’s position and viewing orientation, together with the sign’s
position and orientation.

Another approach to determining the viewer’s position relative to an electronic sign 1s
based on apparent geometry. Opposing sides of the display screen are of equal lengths, and
adjacent sides are at right angles to each other. If a pinhole camera model i1s assumed, these same
relations hold for the depiction of the screen 1n imagery captured by the viewer’s cell phone — if
viewed trom along the screen’s center axis (1.€., its perpendicular). If not viewed from the
screen’s perpendicular, one or more of these relationships will be ditferent; the rectangle will be
geometrically distorted.

The usual geometric distortion 18 primarily the trapezoidal effect, also known as
“keystoning.” The geometric distortions 1n a viewer-captured 1mage can be analyzed to
determine the viewing angle to the screen perpendicular. This viewing angle, 1n turn, can indicate
the approximate position ot the viewer (1.e., where the viewing angle vector intersects the likely
viewing plane — the plane in which the camera resides, e.g2., 5.5 feet above the tloor).

Known image processing techniques can be used to tind the depiction of a quadrilateral
screen 1n a captured 1mage. Edge finding techniques can be employed. So can thresholded blobs

(e.g., blurring the 1mage, and comparing resultant pixel values to an escalating threshold until a
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quadrilateral bright object 1s distinguished). Or pattern recognition methods, such as using the
Hough transtorm, can be used. An exemplary sign-finding methodology i1s detailed in Tam,
“Quadrilateral signboard detection and text extraction,” Int’l Cont. on Imaging, Science, Systems
and Technology, pp. 708-713, 2003.

Once the screen 1s 1dentitied within the captured 1imagery, straightforward
photogrammetric techniques can be applied to discern the viewing angle, by reference to the
corner points, and/or from distortion of the displayed image contents. (An exemplary treatment
of such analysis 1s provided in Chupeau, “In-theater piracy: finding where the pirate was,” Proc.
SPIE, Vo. 6819, 2008, which examines camcorded motion picture copies to determine the
location 1n a movie auditorium trom which the copy was filmed.)

It available, information modeling the lens system of the cell phone’s camera can be used
in connection with the image analysis, to yield still more accurate results. However, the pinhole
camera model will generally suftice.

Depending on the particular embodiment, the viewing distance may not be a concern. (If
relevant, viewing distance may be estimated by judging where the viewing angle intersects the
viewing plane, as noted above.) In judging distance, the size of the sign can be used. This
information 1s known to the sign system computer 14, and can be provided to the cell phone it the
cell phone processor pertorms a distance estimation. Or 1f imagery captured by the cell phone 1s
provided to the sign system computer for analysis, the computer can factor sign-size information
into its analysis to help determine distance. (It the cell phone camera has a zoom feature, the
captured 1mage of the electronic sign may be of a scale that 1s not indicative ot viewing distance.
Data from the camera system, providing a metric indicating the degree ot zoom, can be used by
the relevant processor to address this 1ssue.)

It the screen rectangle 1s not entirely captured within the cell phone 1mage frame, some
information about the user’s position can nonetheless be determined. Considering, for example,
the partial screen rectangle shown in Fig. 13A (one complete edge, and two incomplete opposing
edges), the incompletely captured opposing edges appear to converge if extended, indicating that
the viewer 1s to the lett of edge A. In contrast, the diverging opposing edges of Fig. 13B indicate
the viewer 1s to the right of edge A

Still another way 1n which the observer’s viewing position can be discerned trom cell
phone-captured 1mage data 1s by reference to watermark information encoded 1n graphical data
presented by the sign, and included in the user-captured imagery. Steganographically encoded
watermark signals, such as detailed in patent 6,590,996, commonly include an orientation signal

component by which the watermark decoder can detect affine geometrical distortions introduced
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in the imagery since encoding, so that the encoded payload can be decoded properly despite such
distortions. In particular, the detailed watermark system allows six degrees of image distortion to
be discerned from captured imagery: rotation, scale, differential scale, shear, and translation in
both x and y.

These six parameters sutfice for most at-a-distance viewing scenarios, where perspective
effects are modest. Close-1n perspective distortion can be handled by encoding the displayed
imagery with several successive (or overlaid) watermark orientation signals: one conventional,
and one or more others pre-distorted with ditferent perspective transtorms. The watermark reader
can indicate which of the perspective-transtormed orientation signals is decoded with the lowest
error rate (or highest signal-to-noise ratio), indicating the perspective transformation.
Alternatively, a conventional watermark can be encoded 1n the content, and the decoder can apply
a series of different perspective transformations to the captured imagery prior to decoding, to
identity the one yielding the lowest error rate (or highest S/N ratio).

(The use of bit errors as a metric for assessing quality of watermark decoding 1s detailed,
¢.g., 1n Bradley, “Comparative performance of watermarking schemes using M-ary modulation
with binary schemes employing error correction coding,” SPIE, Vol. 4314, pp. 629-642, 2001,
and 1n patent publication US20020159614, as well as in others of the cited documents. These
errors are ultimately corrected by error correction schemes.)

Yet another way to estimate the observer’s viewing position 18 by reterence to apparent
distortion of known imagery presented on the display screen and captured by the observer’s cell
phone. SIFT, robust scene descriptor schemes, and 1mage fingerprints that are robust to
geometric transformation, can be used tor this purpose. As part of the matching process,
synchronization parameters can be estimated, allowing the position of the viewer to be estimated.

Displayed imagery from which viewer position information can be estimated does not
need to be dedicated to this purpose; any graphic can be used. In some cases, however, graphics

can be provided that are especially tailored to facilitate determination of viewer position.

14



10

15

20

25

30

CA 02754061 2011-08-31
WO 2010/102040 PCT/US2010/026096

For example, image-based understanding of a scene can be aided by presenting one or
more features or objects on or near the screen, for which reference intormation 1s known (e.g.,
s1ze, position, angle), and by which the system can understand other features — by relation. In one
particular arrangement, a target pattern 1s displayed on the screen (or presented adjacent the
screen) from which, e.g., viewing distance and orientation can be discerned. Such targets thus
serve as beacons, signaling distance and orientation information to any observing camera system.
One such target 1s the TRIPcode, detailed, e.g., in de Ipifa, TRIP: a Low-Cost Vision-Based
Location System for Ubiquitous Computing, Personal and Ubiquitous Computing, Vol. 6, No. 3,
May, 2002, pp. 206-219.

As detailed 1n the Ipina paper, the target (shown in Fig. 14) encodes information
including the target’s radius, allowing a camera-equipped system to determine both the distance
from the camera to the target, and the target’s 3D pose. By presenting the target on the electronic
screen at 1ts encoded size, the Ipifia arrangement allows a camera-equipped system to understand
both the distance to the screen, and the screen’s spatial orientation relative to the camera.

The TRIPcode has undergone various implementations, being successively known as
SpotCode, and then ShotCode (and sometimes Bango). It 1s now understood to be
commercialized by OP3 B.V.

The aesthetics of the depicted TRIPcode target are not generally suited tor display on
signage. However, the pattern can be overlaid infrequently 1in one frame among a series of
images (e.g2., once every 3 seconds, in a 30 frame-per-second display arrangement). The position
of the target can be varied to reduce visual artifacts. The color needn’t be black; a less
conspicuous color (e.g., yellow) may be used.

While a round target, such as the TRIPcode, 1s desirable for computational ease, €.2., 1n
recognizing such shape 1in its ditferent elliptical poses, markers ot other shapes can be used. A
square marker suitable for determining the 3D position of a surtace 1s Sony’s CyberCode and 1s
detailed, e.g., in Rekimoto, CyberCode: Designing Augmented Reality Environments with Visual
Tags, Proc. of Designing Augmented Reality Environments 2000, pp. 1-10. A variety of other
reference markers can alternatively be used — depending on the requirements of a particular
application.

As before, once a viewer’s location relative to the sign has been discerned, such
information can be communicated to the sign’s computer system (if same was not originally
discerned by such system), and a watermark targeting that viewer’s spatial location can be
detined and encoded in 1magery presented on the sign. If the sign has a camera system from

which it can estimate gender, age, or other attribute of viewers, it can tailor the targeted
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watermark payload (or the payolt associated with an arbitrary payload) in accordance with the
estimated attribute(s) associated with the viewer at the discerned location. Or, such profile
information may be provided by the viewer to the sign system computer along with the viewer-
captured 1magery (or with location information derived therefrom).

In another arrangement, a user’s cell phone captures an image of part or all of the sign,
and transmits same (e.g., by Bluetooth or internet TCP/IP) to the sign system computer. The sign
system computer discerns the user’s location trom the geometry ot the sign as depicted in the
transmitted 1mage. From its own camera, the sign system has characterized gender, age or other
demographic(s) ot several people at different locations in tfront of the sign. By matching the
geometry-discerned location of the viewer who provided imagery by Bluetooth, with one of the
positions 1n front of the sign where the sign system computer has demographically characterized
viewers, the computer can infer the demographic(s) of the particular viewer from whom the
Bluetooth transmission was received. The sign system can then Bluetooth-transmit payoft data
back to that viewer — and tailor same to that particular viewer’s estimated demographic(s). (Note
that in this arrangement, as 1in some others, the payott 1s sent by Bluetooth — not, e.g., encoded 1n
a watermark presented on the sign.)

The type and variety of payoft that can be provided to the user’s phone is virtually
limitless. Electronic coupons have been noted above. Others include multimedia entertainment
content (music videos, motion picture clips), and links/access credentials to online resources. A
visitor to a trade show, for example, may share profile information indicating his professional
occupation (e.g2., RF engineer). Signage encountered at vendor booths may sense this
information, and provide links showcasing the vendor’s product offerings that are relevant to such
a professional. The user may not act on such links while at the trade show, but may save them tor
later review when he returns to his office. In like fashion, other payoifs may be stored for later
use.

In many 1nstances, a user may wish to engage 1n a visually interactive session with
content presented by an electronic sign — defining the user’s own personal experience. For
example, the user may want to undertake an activity that prompts one or more changes in the sign
— such as by playing a game.

Contemporary cell phones ofter a variety ot sensors that can be used in such interactive
sessions — not just pushbuttons (virtual or physical), but also accelerometers, magnetometers,
cameras, etc. Such phones can be used like game controllers (think Wii) 1in conjunction with
electronic sign systems. Two or more users can engage 1n multi-player experiences — with their

devices controlling aspects of the sign system, through use ot the camera and/or other sensors.
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In one particular arrangement, a user’s phone captures an image of a sign. The imagery,
or other data from the phone, 1s analyzed to determine which sign (or content) 1s being viewed, as
described earlier. The cell phone then exchanges information with the sign system (e.g.,
computer 14) to establish a session and control play of a game. For example, the cell phone may
transmit imagery captured by the phone camera — from which motion ot the phone can be
deduced (e.g., by tracking one or more features across several frames of 1image data captured by
the camera, as detailed 1n patent 7,174,031). Or, data tfrom one or more accelerometers in the
phone can be transmitted to the sign system — again indicating motion of the phone. As is
conventional, the computer takes these signals as input, and controls play of the game
accordingly.

The screen may be 1n an airport bar, and the game may be a virtual football game —
sponsored by a local protessional football team (e.g., the Seattle Seahawks). Anyone in the bar
can select a team member to play (with available players identitied by graphical icons on the edge
of the display) through use ot their cell phone. For example, a user can point their phone at the
icon for a desired player (e.g., positioning the camera so the player icon appears at virtual
crosshairs in the center of the phone’s display screen) and then push/tap a physical/virtual button
to indicate a selection. The phone 1mage may be relayed to the sign system, to inform it of the
player’s selection. Or the phone can send an 1dentifier derived from the selected icon, e€.g., a
watermark or image fingerprint.

The system provides teedback indicating that the player has been selected (graphic
overlay, vibration, etc), and once selected, reflects that state on the electronic sign. After the
player has been selected, the user controls the player’s movements in future plays of the virtual
football game by movement of the user’s cell phone.

In another football game, the user does not control an individual player. Instead, the user
acts as coach — 1dentitying which players are to be swapped into or out of the lineup. The
computer system then simulates play based on the roster of players selected by the user.

Another game 1s a virtual Lego game, or puzzle building exercise. One or more players
can each select Lego or puzzle pieces on the digital screen (like picking players, above), and
move them into place by pointing the camera to the desired location and 1ssuing a signal (e.g.,
using the phone’s user interface, such as a tap) to drop the piece in that place. The orientation at
which the piece is placed can be controlled by the orientation of the user’s phone when the “drop”

signal 1s 1ssued. In certain embodiments, each piece 1s uniquely 1dentified by a watermark,

barcode, fingerprint, or other feature recognition arrangement, to facilitate selection and control.
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A few arrangements particularly contemplated by applicant include the tollowing:

A method involving an electronic sign, viewed by a first observer, the method
comprising: obtaining position information about the first observer (e.g., by reference to image
data captured by a camera associated with the sign, or by a camera associated with the observer);
defining a first digital watermark signal that takes into account the position information; encoding
image data in accordance with said first digital watermark signal; and presenting the encoded
image data on the electronic sign.

A second observer may be similarly treated, and provided a watermark signal that is the
same or different than that provided to the tirst observer.

Another method 1nvolves an electronic sign system viewed by plural observers, each
conveying a sensor-equipped device (e.g., a cell phone equipped with a microphone and/or
camera). This method includes establishing a first data payload for a first observer ot the
electronic sign; establishing a second data payload for a second observer of the electronic sign;
steganographically encoding audio or visual content data with digital watermark data, where the
digital watermark data conveys the first and second data payloads; and presenting the encoded
content data using the electronic sign system. In this arrangement, the sensor-equipped device
conveyed by the first observer responds to the first data payload encoded in the presented content
data but not the second data payload, and the sensor-equipped device conveyed by the second
observer responds to the second data payload encoded 1n the presented content data but not the
first data payload.

Another method 1involves an electronic sign system including a screen viewed by
ditfferent combinations of observers at difterent times. This method includes detecting a first
person observing the screen; encoding content presented by the electronic sign system with a first
watermark signal corresponding to the tirst observer; while the first person i1s still observing the
screen, detecting a second person newly observing the screen; encoding the content presented by
the electronic sign system with a first watermark signal corresponding to the first observer, and
also a second watermark signal corresponding to the second observer; when one of said persons 1s
detected as no longer observing the sign, encoding the content presented on the electronic sign
system with the watermark signal corresponding to a remaining observer, but not with the
watermark signal corresponding to the person who 1s no longer observing the sign. By such
arrangement, different combinations of watermark signals are encoded 1n content presented on
the electronic sign system, in accordance with ditferent combinations of persons observing the

screen at different times.
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Another method includes using a handheld device to capture 1image data trom a display.
A parameter of a digital watermark signal steganographically encoded 1n the captured image data
is then determined. This parameter 1s other than payload data encoded by the watermark signal
and may comprise, €.g., a geometrical parameter or an error metric. Depending on the outcome
of this determination (which may include comparing the parameter against a reference), a
decision 18 made as to how the device should respond to the display.

Yet another method involves an electronic sign, viewed by a first observer, and includes:
obtaining first contextual information relating to the first observer; defining a first digital
watermark signal that takes into account the first contextual information; steganographically
encoding first image data in accordance with the first digital watermark signal; and presenting the
encoded 1mage data on the electronic sign. As betore, the method may be extended to similarly
treat a second observer, but with a second, different digital watermark signal. In such case, the
same first image data 1s presented to both observers, but 18 steganographically encoded with
ditfferent watermark signals in accordance with different contextual information.

In still another method, an electronic sign presents content that 1s viewed by plural
observers. This method includes: using a first camera-equipped device conveyed by a first
observer, viewing the presented content and capturing first image data corresponding thereto;
determining tirst identitying data by reterence to the captured first image data; using a second
camera-equipped device conveyed by a second observer, viewing the same presented content and
capturing second 1mage data corresponding thereto, the second 1mage data differing from the first
due to different vantage points of the first and second observers; determining second 1dentifying
data by reference to the captured second 1mage data; by reference to the first identifying data,
together with information specific to the first device or first observer, providing a first response to
the first device; and by reference to the second 1dentifying data, together with information
specific to the second device or second observer, providing a second, ditterent, response to the
second device. By such arrangement, the first and second devices provide different responses to
viewing of the same content presented on the electronic sign. (The second identitying data can be
the same as the first identifying data, notwithstanding that the captured tirst image data 1s
ditterent than the captured second 1mage data.)

Yet another method includes capturing image data corresponding to an electronic sign
using a camera-equipped device conveyed by the observer; determining which of plural electronic
signs 18 being observed by a first observer, by reference to the captured image data; and
exchanging data between the device and the electronic sign based, at least 1n part, on said

determination.
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In such arrangement, data can be transmitted from the device, such as data dependent at
least 1n part on the camera, or motion data. The motion data can be generated by use of one or
more accelerometers in the device, or can be generated by tracking one or more visible features
across several frames of 1image data captured by the camera.

Another method concerns providing demographically-targeted responses to observers of
an electronic sign, based on viewing location. This method includes: obtaining first demographic
information relating to a first observer, and second demographic information relating to a second
observer; determining first response data associated with the first demographic information, and
second response data associated with the second demographic information; obtaining first
location data relating to the f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>