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BACKGROUND OF THE INVENTION
10 Field of the Invention _

‘ This invention relates generally to the arts of
computer graphics and electronic image processing, and
more specifically to the field of human~computer interface
techniques for a group (one 6r more) d: people

15 simultaneously interfacing to one computer.

DESC ON © _PRIOR ART .

Much wbrk has been done in recent years to facilitate
the one-on-one interactipn of a human and a computer.

This interaction is bidirectional, human-to-computer and
20 computer-to-human. The present inventlon relates to the
human—to-computer direction.

Devices commonly available for this purpose 1nc1ude
computer keyboards, mouse, light pen, trackball,
microphone, and, through the MIDI communication channel, a

‘25 wide variety of musical instruments. In a situation where
more than one person wishes‘to communicate to a computer
simultaneously, as in, for example, the case of an
audience controlling the course of a movie story, prior
art has little to offer. The only techniques available

30 fall into two similar categories: wired seats and radio
transmitters.

Wired seats.refers to the placement, at several or_ _
all seats in a room, of some kind of eléétrenic éighaliing“
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DESCRI PTI ON OF THE PRI OR ART Much wbrk has been done in recent years
to facilitate - the one-on-one interaction of a human and a conputer

THis interaction is bidirectional, human-to-conputer and 20

conput er-to-human.. The present |nvent|on relates to the

human- t o- conput er direction; Devi ces commonly avail able for this
pur pose incl ude conput er keyboards, nouse, |ight pen, trackball,

m cr ophone, and, through the M DI communi cat9 on channel, a 25 w de variety
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d seats_an rapnsmt
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some kind of & dmt tabudatiegrwaktiesngn legislative bodies, and to record
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These -devices are gonnecte wre 0 a co
commercials. It, of course, requlres significant advance

preparation of the room, which may not be convenient or
possible in many cases.
10 : The laying of wires in the room can be avoided by the
second prior art method, wireless communication.
. Here, the seats, or the people individually or in
groups, are provided with signalling devices connected to
a radio or infrared transmitter. Some form of
15 multiplexing is employed to keep all the signals
separated. The wireless method has the advantage that no
wires need to be run, and, in addition, the people may be
free to mill about in the area, not being confined to
‘ their seats. This method has the disadvantage of cost,
20 transmitters and receivers costing far more than wires,
with the attendant potential losses if transmitters are
handed out to members of an audience. Also there are
practical limits to the number of simultaneously
transmitting devices, especially if iow cost and/for low
25 power are considerations.

SUMMARY OF THE INVENTION )

It is a general objeqt of the present invention to
provide a technique whereby one or a great number of
people may simultaneously communicate information to a

30 computer, using simple devices of minimal cost.

.This and additional objects are accomplished by the
present invention wherein each member of an audience is
equlpped with a retroflectlve device each one of which is
illuminated by one lamp and viewed by one video camera,

35 substantially coaxially aligned with the lamp, the signal
from the video camera being analyzed and acted upon by a



or tabul ating device which registers the actions nade by the people
occupying the seats. This nethod is often used 5 to tabulate votes in

| egi sl ative bodies, and to record subj ect reactions in the testing of

tel evi si on comercials. It, of course, requires significant advance
pr€paration of the room mhlch may not be conveni ent or possible in many

cases. 10 The laying of wires in the Lo?nLcan be avoi ded by the

second prior art nethod wi rel ess commruni cafi on. Here, the seats, or
t he peopl e |ndb% by or in groups, are provided with signalling

devi ces connecte aradio or infrared transmtter. Some form of 15

mul tiplexing is errpfréi\%?d ino Aesgrdance; Wdth ¢hel dnvenddpar aneadudiiencei r el ess
met hod has the rRdyepsa0eyldtan ri% prd‘s\hrd%?i e UniehP @ alch au ﬁri‘éndenn%ﬂl‘ﬂe

t he people may , be freé to mll In the area, not elng conf1ne
their seats. THSs PROVHGEh¥dtha aegéavaﬁwagéeaﬂc@oyhlcbo1§rémmnunaganqguj

receivers cost igigendlonTomne le@é Wn®ed off ithel %@c%he@qa@t Pelighit From

| osses if transm tters are ded 0 ers of an audlence Al so
there are pr&cf°85FQ|QGI£§ ﬁ%ﬁﬁﬁ&egf LOm, then daddMpduady ansnitt i ng

devi ces, espec:ralfllyzctbﬁsowmbsnnagudv Gy laowohiveptiionadl &ideos catiedta.ond
SUMVARY OF THE '0N¥E gogonne ed ltto \ﬁ%(ﬁl Q:%Qn%rr%l Vql%l %thr%En g ng%rb%%ent

i nvention to ereby oné or
peopl e may si nﬁPF&'ﬁeéuﬂasP (S’(ﬁmﬁhﬂ @aldelanﬂeom ﬂdﬁttmgumecoﬂf—p@t er, using

sinpl e devi a@s ipfdivitEal reSifronm green'y@fié@%ioﬁgd'tbﬂﬂélr@hl%ﬁkﬁg&&%
accomplished by IS ctidd Snage dara is then procesaed by the computor o 10C
is y the computer
and used, for instance, for voting by the audience and/or
to project an image ohto a screen visible to the audience,
the image being controlled in terms of sohe particular
- 15 parameter by the number énd/or location of the red or
green image reflections which are aggregated by the
computer.
In an alternate variation of the invention, members
of the audience are equipped with self powered sources of
20 illumination (such as flashlights), the video image of
which is analyzed by the computer in an identical manner.
~ In another embodiment, the direction or velocity of
movement of each reflective device or light source is used
to produce the video image or communicate information,
25 allowing for instance group control of a cursof on the
computer screen. Also,.each device or light source may
uniquely identify itself by sending coded information.

BRI DE IPTION OF THE DRAWINGS
Figure 1 shows the operator station and related
30 portions of a system in accordance with the invention.
Figures 2a, 2b and 2c show the system of Figure 1 in
use.
Figure 3 shows reflection of llght in accordance thh
the invention.
35 Figure 4 shows a camera 1mage in accordance with the
invention.
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eﬁuipped with a retroflective device each one of which is i I'lum nated by
one- |l anp and vi ewed by one video canera, 35 substantially coaxially aligned

wi'th the |anp, the signal fromthe video canera being anal yzed and act €d
-upon by a ' - 3- conput er.

Thus in accordance with the invention an audi ence response systemis
provi ded in which each audi ence nenber Is provided with a reflective

device which is for instance 5 green on ong side and red on the second
side. Light from a source of light is reflected fromthe individual

reflectors and i magepi§iira §0BHOWEI ANgridi geeteéPAPLSr dnalg iyt Bight
connected to each angra via a franme grabber forms a map of the audi ence
and distinguish%%ffﬁ% 38" ndi vi dual red fromgreen reflections. This red
and green reflectiPbgupege6dahd 7sshbenppilpgensefiobydéfhningpihage and
used, for instafgg £8§5V°ti”9 by the audi ence and/or to project an inmge
onto a screen VISI%F 0"t he audi ence, the image being controlled in
terns of -somedparti cBigures8pshawst &r poyYohs aumbing asyistem| dnatcoardancee

red or green §yenechef faekhersni ch are aggregated by the
Figures 9a and 9b show two methods of using the
polygon summing circuit of Figure 8.

-DETAILED DESCRIPTION OF THE INVENTION o

10 Figure 1. shows the operator control station and
associated portions of a system in accordance with the
invention. A conventional personal computer includes
monitor 10, keyboard 12, CPU 14 (central processing unit),
disk 16, and main memory 18. Provided as a conventional

15 add-on board to the computer is a conventional video frame
grabber 22 such as the commercially available model AT-
Vista from TrueVision, Inc. Frame grabber 22 accepts
conventional video data from a conventional color RGB or
composite video camera 24. Other output modes in

20 accordance with the invention include a computer
controlied laser video disk playinq’a movie or a
multimedia file under the control of the audience, or
MIDI, or other modes of feedback to the audience.

Also connected to the computer is a graphibs display

25 control unit 26 such as.a standard VGA adapter card which
provides images generated by the CPU 14 to a conventional
graphics monitor 28 and a conventional video prdjector 30.

As shown in Figure 2a, the video projector 30

conventionally projects images from the computer CPU 14

30 onto a scfeen 34 fqr viewing by members of an audience who
are sitting, for instance, in an auditorium on chairs 36-
1, 36-2, '36-3, ..., 36-i, ..., 36-k, only some of which
are shown. It is understood that the audience is filling
or partially filling the auditorium, and need not be

35 seated; chairs 36-1, ..., 36-k merely represent locations
of the members of the audience. A light source 40 (such



Tonmput er. In an alternate variation of the invention, nenbers of

t he audi ence are equi pped with self powered sources of 20 illum nation
¢('such:as flashlights), the video imge of which is anal yzed by the
conputer in an identical manner. I n anot her enbodi nent, the-

direction or velocity of novenent of each reflective device or |ight
source i s used to produce the video image or conmuni cate information, 25
allowi ng for instance group control . of a cugsor on t he conmput er screen
Al so, each device or |ight source may uniquely identify itself by

sendi ng coded jufor | & Ttk g{gg%h@§h
-Figure 1 sho é% g E?%ég l?ht a%?g%ggng§§SF ‘gggi d%%tlons estemln
accor dance mnthﬂth%h ehehs| maunted so aF|§9r€%C€§V92b1%%G Q%f%ﬁGﬁﬁ@hérom

system of F'gqfﬁtﬁo'ﬁefleHESrs (not shghﬂyrﬁeﬁdSQPVEaéﬁfi@&iéﬁ@eoﬁehbabt in
accordance with e rnventio lgure 4 shows a canera inmage in

accordance wi tHtfeats ?ﬁvéntron' 35 -k. The light preferably
5 illuminates just what the camera images and no more.

The overall setup is as shown therefore in Fig. 2a,
although alternative setups as shown in Fig. 2b and Fig.
2c with camera 24 and light source 40 located as shown can
be used with no other changes.

10 Members of the audience are each equipped with a
retroreflecting device. These retroreflecting devices in
one version are constructed by applying adhesive backed
retroreflecting tape (commercially available from 3-M or
Reflexite Corp.) to a small flat stick of wood or stiff

15 paperboard. Such tape returns a reflection only toﬁards
the incident light source, thus the requirement for co-
locating the light and camera when retroreflectors are
used. In one version, about six square inches each of red
and green'tape (each measuring about 2" x 3") are applied

20 respectively to opposite sides of one end of the stick.

In the preferred embodiment the auditorium is darkened
-1like a movie theater.

This configuration allows each participating person
in the audience to signal by holding up the stick, with

25 the retroreflecting tape in view of the video camera(s) .

Fig. 3 shows the relationship between the light
source 40, one such retroreflecting device 44, and the
video camera 24. A simple turn of the wrist by the person

- holding the retroreflecting device 44 is sufficient to

30 change the state of the signal value observed by camera 24
by changing from the red side of device 44 being towards
the camera 24 to the green side of device 44 beiné towards
the camera 24. '

A typical image of an audience as seen by the video

35 camera 24 is shown in Fig. 4. 'If the auditorium (stadium,
etc.) is large, several video camera 24/light source 40
combinations (see Figure 3) are disposed at convenient .



“4- Figure 5 shows a grid pattern for anal yzi ngtHght——reftection

Figures 6 and 7 show pol ygons for defining image  l|locations. 5 Figure
8'shows a pol ygon summing systemin accordance with thdhs n Replaced
Figures 9a and 9b show two nethods of using the . polygon sl I Iﬂ “t
of Figure 8. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10

shows the operator control station and -agsaciated portions of a systemin
accordance with the i nvention. A conventional personal conputer includes

moni tor 10, keydeaaribnk? arddddl4He eiiditlofiACesy A% ol thver €heKelhfirand
mai n menory 18. é?r ovi ded _as a _cqnventjonal 15 add-.on board to the conputer
is a conventi SEITSNFeo flﬁ’zfrré’um ecaRerd 24 /44 Itke SOURREr 4Pal | y

avai | abl e nodelombi-nativirat,a theomibaldf Havh rdfledtio?M4gr apieenhd2 accepts
conventi onal v f caonventi onal, _col or. or co si-te video
canera 24. Q#ﬁ%ﬁ%{}?@%&?ﬁtﬂ e IS B S AR tsﬁeafﬁgngggﬁel"ﬁcﬁude a
conput er 5c satigfaatarys dmagel@d- diagiensl 24 19 @nablieceachareflevkingedi a

file under thgesgRid Ho ¥ t-I}g,ga._l&j.i ERGfe Haqge . op+ 0 : €3¢0
feedback to the audi ence.e ’ Al'so clor? éact(eli‘éI Btk'l("'):et ﬁé %g%ﬁggg ?,g é

graphi cs di splVAFY28'% SWRAT @ coderast floks a 59rdnd £0d2vGROadapt ek (car d

which ™  provistes ,i nages syeifr ajedibrd) liyhandviHgl $16ghe1$0NE¥8BHI 88&bred
gr aphics nonit I %8 .and canventional vi deti proj ectaor 30. .. As shown
in Figure 2a,4ﬁua\ﬁ%ﬂ§)€§%ﬂﬁﬁﬁﬂﬁ‘ one reflector. Software resident

10 in the computer analyzes this time-dependent'imagery to
determine the state of each of the audience members'
reflectors. Tﬁe video cémera‘s perspective transformation
matrix describes how reflectors in the room are

- transformed into points 50-1, ..., 50-n in the video

15 image. This matrix is derived for each camera 24 when it
is emplaced, before use with the audience. A computer
program for performing this process is shown in thé
microfiche appendix which is part of this disclosure. The
computer program is in the C language and annotated with

20 comments explaining operation thereof.

Derivation of the matrix in the program is done via a
least-squares technique by associating the known locations
of specially located reflectors in view of the camera(s),
with the resulting positions of said reflectors in the

25 video image(s) of each camera 24. The correspoﬁdence =)
derived allows one to predict the location in the video
image of any point (i.e., each seat 36-1, ..., 36-k)
within the view of the camera 24. Given the layout of the
_seats 36-1, ..., 36-k in the auditorium and the probable

30 offset of a typical reflector from the associated seat,
the transformation matrix permits the computation of the
pixel location of each audience mémber's reflector in the
video image of the audience.

Alternatively, the seat geometry matrix may be

35 overlaid with a sampling mesh (see Figure 5), ﬁith each
cell 52-1, 52-2, ..., 52-i, ..., S52-k the size of
approximately the dimensions of one or more seats. This



¢conVentionaIIy projects images from.the conputer CPU 14-30 onto a screen 34

for view ng by nmenbers of an audi gnce who are sitttng, for instance, in
.an auditoriumon chairs 36- 1, 36-2, 36-3, ..., 36-i, ..., 36-k, only"
some of which are showmn. It is understood that the audience is filling
or partially filling the auditorium and need not be 35 seated; chairs
36-1, ..., 36-k nerely represent |locations 7 -of the nenbers of the

audi ence. A light source 40 (such

- 5- as a fl adterghtivesmaganilsbl yenugededherehnoi deateagreapredéntwhi ch

I's mounted so to_receive light .reflected f.crom _ ret reflectors (not
shown) hel d by?EBShaaaaFBHSe1ﬁeﬂﬁé}1“9iﬁr§8§F ,38;1}9_?R$ Spafingy light -
preferably 5 i geamehayedisj net wavatilabdec&oethei capputend no nore.

The overall setup i$:;35,.S Lehar g . Lo ~ga ' r iLve
setups as shown in %génggﬂgggEE%aﬁlg-ggbafghﬂcg%EFg?ngEESEPPg %E§o3%%§ 40
| ocat ed as shofagurs 4)banube Nideondmaggeepfcrashecyideg camexBnBBr & of the

audi ence’are eagbgeldLBReSrYul where’ 2bhiafl! eahbpdsdg¥eC@sed]N88h seat
retroreflecting dévices in ]
may be assigned to a camera capable of the best view, e.q.
the dot is closest to the center of the image for that
camera.

i0 Also, given the probable location of the dots in the
video image, a polygon, rectangular or otherwise, can be
defined surrounding the dot in the video image. Figures 6
(rectangles) and 7 (Voronoi polygon tiling) show exemplary
configurations of such polygons 56~1, 56-Z, ..., 56-1i,

15 ..., 56-n. Figure 6 shows rectangular polygons 56-1, ...,
56-n; Figure 7 shows voronoi polygon tiling 56-1, ...,
56-n. Given the polygon definitions, the computer then
continuously sums the digital values inside each polygon
56~i in the image, for each color. The resulting sums

20 indicate the relative amount of each color emanating from
the region surrounding the probable location of a
reflector held by a participant. If the sums are greater
than a predefined threshold, a simple test of relative
magnitude can determine the color of a participant's

25 reflector. . '

' If the sums are all below the threshold, the
participant is deemed to be sending no signal. The states
of the participants' reflectors are then made available to
the other subsystems of the computer system.

30 In another embodiment, rather than processing the
above-described polygon 56-1, ..., 56-n definitions by

. computer software, instead a circuit implementation is
provided for faster processing, i.e., faster response
time, to changes in the reflector states. This circuit

35 replaces the frame grabber 22 in the system of Figure 1.
Its function is to act as a frame grabber and data
concentrator to reduce the volume of input data. It
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one version are constructed by appl yi ng adhesi ve backed retroreflecting
tape (comercially avail able from 3-M or Reflexite Corp.) to a small flat
stick of wood or stiff 15 paperboard. Such tape returns a reflection only

t owar ds the incident |ight source, thus the requirenent for co- )

| ocating the |light and canera when retroreflectors are used. In one °
ver si on, about six square inches each of red and green tape (each
measuri ng about 2" x 3") are applied 20 respectively to opposite sides of
one end of the stick. . I'n the preferred enbodi nent the auditorfumis

dar kened | idddl awstbhe héstiteomputer to béhifremrtfa gersficrom ctiheonstasich

Brth 55 che Pear oy qeidriting ENES O MR Bidi &l Uh dhd b oL €
Fig. 3 shows tifleserihednkelewbesheerte Heethags of usdia dhep susEing ch
retroreflecti ngilayi€e 4fhigdnditd@it adv&Oagesi®y éﬁqv‘i@'m &ddfidhsd the

wrist by the person , hol ding the retroreflecting device 44 is sufficient

to 30 change tHe %t PR stERaY 198 JEF AR driisy A8t a¥andr£ 24 by -
changi ng fromdpproeimstery of / Uevh cor 44 Hetom toelegls. THIG 0BXygSH to
the green side of deyjce. 44 bging towards . _the C;g;rghéﬁ. . ?é%%
typi cal i mge TG udT EhER Bst e%ﬂeb‘{/e’fﬂiem?/iloseoa & opugption: I n
Fig. 4. |[|f thnstallediim ¢{seéadompyuter e¢ntnal pravepsimewariti M dm=o
canera 24/1i gtﬁa};%cg é@andqgfgrltg'ér\%ieps (see Figure 3) are disposed at

conveni ent . _
10 The polygon summing circuit is shown as a block

diagram in Figure 8. There are two video channel inputs
video 1, video 2. Video 1 would be, for instance, for the
red color image detected by the video camera and video 2
would be for instance the green color image detected by

15 the video camera. These images video 1 and video 2 are
each digitized respectively by 10-bit analog to digital
converter 64-1, 64-2 and then each processed respectively
by a static RAM look-up table (lut) 66-1, 66-2 to form 8-
bit data, to overcome any nonlinearities in the video

20 input signal and to compensate for illumination color
imbalances, camera gain differences, and reflector
efficiency differences.

The circuit operates at any one time in one of two

modes. The first mode is continuously digitizing and

25 storing the two channels of video. The second mode is,
for each of the two channels,,summiné polygons defined in
their frames. '

The digitizing mode operates in the following manner.

At the beginning of a frame as determined by 5ync stripper

30 80, and clocks, timing, and control circuitry 82,
addresses for the VRAM.(video RAM) 78 are reset to the
beginning of the frame. VRAM 78 is 1024 x 512 x 16-bits.
For each pixel and each scan line, the control circuit 82
causes the following to happen in this sequence: analog

35 to digital converters 64-1, 64-2 each clocks its value out
respectively to look-up table 66-1, 66-2, each of which
converts the digital value to 8 bits. Each 8-bit latch



- 6- | ocations around the auditorium so as to cover the entire

audi ence. . The nunmber of camera 24/1ight source 40 conbi nati ons, the size
of ‘each reflector 44, and the anbi ent roomlight [evel may be varied so
as to achieve a 5 satisfactory inmage at canmera 24 to enabl e each reflecting
device to be inmaged. The image (Figure 4) consists of a varying nunber of
colored dots, 50-1, 50-2, 50-3, 50-i, ..., 50-n, generally noving
slightly, each col ored dot being the imge of one reflector. Software
resident 10 in the conputer analyzes this tine-dependent imgery to
determ ne the sBafi¢ eB-eabhblat the audbamceespﬁbeﬁvely ofellbektaps table

vi deo canera' s_petspegti,ve far r [
reflectors in PEe&fo§§1g re El§?§§8 gﬁ foefo % bépﬂgégé Qﬁé BB@EBt Of
the video 15 i hagb. latohesmaBrilx aind @@rﬂv@@ tbe eerhadapers of WRAM 7@

I s enpl aced, bEfOreTﬂéecWhEQoﬁhélé%ﬂh% presen@%rhﬁéthﬁﬂrggstQﬁdﬁatr'X
is done via a | east-squares tech nl%vpéﬂ 2 B5oeratin nown | ocations

of speC|aIIy5 wrdtg: E§rebe &or YRAM GPetﬁéxééﬁegﬁey)buﬁfﬁﬁ 8e 27®
resulting posikitepedothetedn’.cf el Qohtirelt kervudely shMigersmentscadle

canera 24. The_correspo nce so derived . all edi ct
|l ocation in t hdRHMHIE A Agn ha&i kdmepr ng g&éﬁ §8§P gsrl(Whlch
36-k) within tlis conn@wteﬁ there&memq a4 hoetvebmpheekrajaterdhceheithdat s

36-1, 25 .5. %@aé-bglEQea%%%E%p oyghin%ehgglg ?b%QLerQBBS%heOEiﬁels in
10 the VRAM 78 through the VRAM 78 random access port (not
shown) . .

The polygon summing mode of the circuit of Figure 8
operates in the following manner. At the beginning of a
frame as determined by sync stripper 80 and control

15 circuitry 82, the addresses for VRAM 78 are reset to the
beginning of the frame. For each pixel and each scan
line, the control circuit 82 causes the following to
happen in this sequence. Each analog to digital converter
64~1, 64-2 clocks its value out. Each look-up table 66-1,

20 66-2 converts the received digitized value to 8 bits.

Each latch 68-1, 68-2 holds the output respectively of
look-up table 66-1, 66-2.

Control circuitry 82 presents the address and read
strobe to. VRAM 78 and a polygon number is read out of the

25 serial port of VRAM 78.

Each SRAM (static RAM) 74-1, 74-2 stores two banks of
32K 16-bit words. Each SRAM 74-1, 72-2 uses the read out
polygon number as its address. The word in SRAMs 74-1,
74-2 at this address is read out respectively into latches

30 72-1, 72-2, of which is a 16-bit latch. Each 16-bit adder
70-1, 70-2 computes the sum of the converted pixel
respectively in latch 68-1, 68-2 and the partial sum in
latch 72-1, 72-2. The sum from each adder 70-1, 70-2 is
written back respectively into SRAM 74-1, 74-2 at the same

35 address from which it was read. Control circuitry 82
increments the VRAM 78 address.

At the end of each frame the following happens in
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typical reflector fromthe assoc[ated'seat, t he transf.ormation matri x

pernmts the conputation-of the pixel | ocation of each audi ence nenber's
refl ect'or in the video i mage of the audi ence. 30 Alternatively, "the-
seat geonetry matrix may be overlaid with a sanpling nesh (see Figure 5),
w th each cell 52-1, 52-2, ..., 52-i, ..., 52-k the size of

approximately the dimensions of one or nore seats. This ' :

-7-. alternative nmay al so be used where pngQ seats are present (the

audience is mlling around), or if the séat ng geonetry is not avail able

to the conputer.. G ven babl e, | ti t t dots
(see 5 Fi gure%{}lﬁ TR T Y0 #%?%fﬁiﬂf’u €icbgaeno}&rb]aa%feer zglﬁr@ﬁ%lb rge
audi t ori um whezantamkreirasiternst 2y e Thedostadmpitar (noty showbsizgadst o

a camera capa Ste VS, . ' i hergent er
of the image 191 olfe %oaé%‘g%rrg a‘%’ﬁglvop Pegloﬁ%%%%%énétﬁemg%aéb#eﬁ | ocati on

of the dots i W4He 74izeo Thaidtosh PMDYeRr than AZRKNes the At °%an
be  defined sgyd Fisud e ﬁ‘ﬁ@&aiéﬂtbﬁnﬂidﬁ%éémmiw,ﬁ,s f4~2. The
(rectangles) Ao 18 PrePloddly Lt109)es "SI Pdlygon index
for every pixel in the frame. Thus rectangles (or
alternatively Voronoi tessellations) are easily supported
for defining the cells as shown in Figures 6 and 7. .

10 " In use the circuit of Fiqure 8 operates as follows.
First, it is operated in the above-described digitizing .
mode, with both lut's 66-1 and 66-2 containiﬁg a straight
linear mapping of 10 onto 8 bits. Color calibration
targets are placed so as to be in view of the camera and

15 illuminated by whatever lights will be used with the
audience. Video frames are digitized and read out by the
host computer. The host computer determines adjustments
to the lut's 66-1, 66-2 required to compensate for any
imbalances in color response.

20 Second, the system is operated again in digitizing
mode, this time with the corrected tables loaded in lut's
66-1, 66-2. During this phase, video frames are captured
of calibration reflectors located in the foom, i.e., '
nominal reflectors used to set up and aim each of the

25 cameras by imaging their reflections. The host computer
reads out the images.of.the calibration reflectors and
finds the location in the images of the colored dots made
ﬁy the reflectors. Then, these locations are matched with
the measured physical locations of the corresponding

30 reflector located in the room. Together, this provides
sufficient information to compute the transformation
matrix for the camera. This matrix allows the computer to
predict where in the camera image the dot from an audience
member is likely to be found. Sampling cells are derived

35 surrounding the expected locations of these dots. Each
sampling cell is numbered. The numbers of these cells are
stored in the VRAM 78, with each VRAM 78 pixel being



configurations of such polygons 56-1, 56-2, ..., 56-i, 15 ..., 56-n.

Fi gure -6 shows rectangul ar pol ygons 56-1, 56-n; Figure 7 shows voronoi
polygon tiling 56-1, .... 56-n. G ven the polygon definitions; the
conput er then conti nuously suns the digital values inside each polygon
56<i in the image, for each color. The resulting suns 20 indicate the

rel ati ve amount of each col or emanating from the regi on surroundi ng the
probabl e | ocation of a reflector hel dlby a participant. If the suns are
greater than a predefined threshold, a sinple test of relative

magni t ude c%ﬁsﬂﬁ%égﬁﬂnﬁhﬁﬁewéBhoP BRrhigulay F@khtMWmbeY ¢ ofFR%t or |

I'f the surrslaéeaﬂéé BREOVE NS ahéeaboéﬂowﬁhﬁx FiQ@rd i€igant. i saglegned to be
sendi ng no n g e.st ﬁ F #ICI ants' reflectors are then
rmde avar | aBtdiEszed Bixel: farasshoys harvides iern AR A LA, 50

I n anot her baboﬂegeas 1|;asae2 t baprpspordbngoiifermat bdovis destradedd
pol-ygon 5 efki.nifLions,, ter sofI d a
circuit gp%’é?@n ndch%wgdtégxf%?lf a’ﬁ@?e]br%%sels% %‘g t+ né‘ﬁgélf aster
response parnt¢uﬁarcpangés |ﬁhuheareﬁiqueoxdentdﬁmerTﬁsspmnvn@ed 35 _
repl aces the éraasngeagaeanp Bnt 881 SYELEM OF EAOH Fidel withsafunction is

to act as a rane concentrator to reduce the vol une of
i nput dat a. PArticular cell is achleved._

After completion of these calibration phases, the

10 system is used in conjunction with actual audience
participation in the above-described summing mode. For
each incoming pixel, the 15 data bits identifying the
associated cell are clocked out and serve as an address
for the SRAMs 74-1, 74-2 from the VRAM 78. 1In this

15 example, 15 bits are chosen so as tb allow use with a
large audience, i.e., up to 32,768 people (cells) for 15
bits. The SRAMs 74~1, 74-2 are each then accessed and the
data from the SRAMs 74-1, 74-2 goes respectively to
latches 72-1, 72-2. Thus there is a read/modify/write .

20 cycle of the SRAMs 74-1, 74-2 for each of the up to 32,768
cells in the audience. There are two banks of static RAM
in each SRAM 74-1, 74-2 with each frame swapped between

1 the. two banks. At the end of each video frame as

identified by'sync stripper 80 and control circuitry 82,

25 the bank of each SRAM 74-1, 74-2 just accessed notifies
the host computer to switch to the other static RAM bank.
Thus the sum of the polygons (cells) is read out and that
particular static RAM bank is cleared, i.e., returned to
zero. The data from the SRAMs 74-1, 74-2 is then read out

30 to the computér 14 via the host interface (not shown) with
a 16-bit pixel.value,for each channel. Thus there are two
numbers for each polygon, one indicating the red value and
the second indicating the green value. When there are
less than 32,768 polygon cells to sum, there will be . some

35 unused locations in SRAM 74-1, 74-2. The host computer
will only read and clear the locations in SRAM 74-1, 74-2
corresponding to active cells being summed.



.- 8- al lows the host conputer to be free to performother tasks such as
generating images or nusic. Figures 9a and 9b (descri bed-bel ow) show to

met hods of using the sunm ng circuit. This circuit advantageously L.
"provides a response 5 tinme with only a two video frane tinme delay, i.e.,
approxi mately 1/15th of a second or Iess. This "polygon sunmm ng" circuit
in one version is a board conventionally installed in the conputer

central processing unit 14 or may be a gband-alone unit. 10 The

pol ygon sunming circuit is shown as a bl ock diagramin Figure 8. There ,

are two video Channe|méflplié5the vageotHat Wilelp 2.sndIecaddientd pandaf or
I nstance, for_the I mage gﬁtected t he video ¢ ra angyvideo

d
S A o Dt EPorkibBALLY; RargfECe LR eall <Al g BSERECLRRETy oo
canera. Thesemanpgpixeldethdtatevedes 2 m&slblbﬁm mgtttrxedsmseect ively

by 10-bit anal o.digita opver 64-1, 64 th ocessed
respectivelyapfgﬁg Xaggﬁ t°fw&#? %ﬁ ?%%|%Y?F{&?"2£ g% afB g _
bit data, t9 o¥secodering q@hibnee;onseShencehb xscxmﬂﬁﬂ lmpqtoaegqal and
to conpensat epbpp ghbeamatbenlsgé%han ié‘é’a;'f»?{@f‘é egaverarﬁéﬁn%unn

di fferences, and reflector efficienc erences. The CI?CUit
operates at aﬁ9eoﬁEmFFﬁS PRagRe BRethpst comppter 3dds|fhe Geld'Ss

continuously gagtiali QﬂmﬁndeErSf@édﬂﬂgtbﬁethV@r&hm574)ilyl1'4302. The
second node is

in  their fram&*sF‘t"gurgaga %ﬁ%wﬁl ?lQ? a&ﬁ@g%uqmiﬁﬁg%%£#$E$yg8?§|?g&;ﬂgd
manner . 10 ("summer") connected between camera 24 and computer 14,
 with computer 14 driving projector 30 via display card 26.
Where the room is 'divided up into sectors (see Figure
9b) several cameras 24-1, 24-2 (additional éameras not -
shown) are used to cover the auditorium, this sectdriia-
15 tion being performed by the host computer 14-1 which then
combines data from the various video cameras 24-1, 24-2 -
each of which has.ah associated summing circuit 60-1, 60-2
and associated intermediary smaller (less powerful)
computer 14-2,-14-3, the computers 14-1, 14-2, 14-3 all
20 .being connected by a local area. network. In this case
there are multiple polygon summing circuits 60-1, 60-2,
with one such circuit 60-1, 60-2 for each camera. The
host computer 14-1 then determines which camera 24-1, 24-2
could best observe each seat, and assigns to each seat one
25 camera 24-1, 24-2 so as to partition the audience amongst
the cameras without overlap. The partitioning procedure
for each point, i.e., cell, selects the camera 24-1, 24-2
which has the cell's projection point closest to the
center of the camera image. For optimal signal-to-noise
30 ratio in this sectorization process, it is best if there
is a minimal brightnéss difference within an'image between
the brightest cell and dimmest cell which are in the
sector assigned to each camera 24-1, 24-2. Thus the
camera imaged area should be relatively unlform in
35 distance from the camera.
If the SRAM 74-1, 74-2 is sufficiently fast, the
~ control component 82 can be modified to zero the



*

‘At the beginning of a frane as determ ned by sync stripper 30 80, and

.-clocks, timng, and control circuitry 82, = addresses for the VRAM (video .
RAM 78 are reset to the begi nning of the frane. VRAM 78 is 1024 x 512 x-.
16-bits. For each pi xel and each scan line, the control circuit 82
calises the followi ng to happen in this sequence: analog 35 to digital
converters 64-1, 64-2 each clocks its val ue out respectively to | ook-up
table 66-1, 66-2, each of which convertsl8he digital value to 8 bits.

Each 8-bit latch 9 - 68-1, 68-2

hol ds the out p@PpreRidate dankiat dde heqimning ob-a fW% thy@ een bit
buffer 76 CO””Q@I&éﬁ%@bﬁH&'thﬁt c&ﬁﬁdhé@t&f‘%@&aﬂsl@nd ffere twiine serial

port of VRAM 7 The control cjrcuitry presents the address_and 5

wite strobe td-’#l%&M e a‘?ﬁF]?‘ﬂ'é"HPQeﬂ”sxﬂ‘%rﬁ%f?%?lgfbedarfé’ SWRRing ¢eklei n.
The control cimid VRAMZ78 MdcEidts tditﬁrreém:ﬂrﬂg aﬁﬁir‘tﬂﬁfse Aitdd winre,

the host co tc%rnrea\gj{(:h recg conniact fﬁé}%ﬁe@%’ st co ut'er
interface wit it iR AT RS '?% arg ') £ p‘i’x%?% in
10 the VRAM 78 stum=soayte tmemee&e@mmmmm:pcsm n'bt-l anbWwi -2 by

. the host computer. ¢
. One use of the thus obtained reflector state
information (however processéd) is to project on the

10 screen 34 using video projector 30 an image viewable by
the audience of the seating chart with the state of the
reflector associated with each seat displayed in color.

‘The audience members may then find themselves in the image
by observing the image while manipulating their individual

15 reflectors. |

Another use may be to conduct surveys of the
audience, asking them questions of fact and/or opinion and
measuring their response. Another use may be to use the
states as input to a multiplayer game, dividing the

20 audience into sections, each section assuming the role of
one "player" and acting as one by "voting". Another use
may be to use the states as input to a music synthesizer,
dividing the audience into sections, each section
controlllng one or more instrument parameters (pltch

25 volume, etc. ).

Other embodiments employ methods of determining the
stéte of an audience member's dot in the video camera
image, in addition to its color, as described hereinafter.

In one such embodiment, the position of an audience

30 member's dot is resolved relative to a neutral position,

- thus allowing one or more audience members individually,
or in a group, to control a two dimensional input mode;
this is similar to the way a mouse or tablet device
controls a cursor in a computer system. Each audience

35 member's input position is determined by subtracting the X

.and Y coordinates of the member's dot at rest from the

dot's current X and Y coordinates. A perspective



The pol ygon suming node of the circuit of Figure 8 operates in the
followi ng manner. At the beginning of a frame as determ ned by sync
stripper 80 and control 15 circuitry 82, the addresses for VRAM 78 are
reset to the begi nning of the frane. For each pixel and each scan l'ine,
the control circuit 82 causes the following to happen in this sequence.
Each anal og to digital converter 64-1, 64-2 clocks its value out. Each

| ook-up table 66-1, 20 66-2 corfverts the reddi ved digitized value to 8
bits. Each latch 6851, 68-2 holds the out respectlvelg | ook-up
table 66-1, 66-9orrection éﬁﬁFPSImeyrpﬁlFﬁﬁugﬁeﬁrEgeﬁ?gp?ﬂ% t8dfFeEs and
read strobe agst¥RAM FBoangha ﬁahﬁganlnuﬁhéfelSsrsadl@uifﬂéaﬁﬁeriﬁge

i al t of V| 18: Egch M. (st 74-2
tvo banke of . SE14Eapce.  Fhe ReADR LRApYE. Y5158 of adne at "aZ) BET
pol ygon nunber'abeimsmhddse$905¥ﬁblmosd banEmmed74an¢ aggrdgated bfri s
address is reédaeﬂﬁlﬁssescggéahxe'&tanha&CESSréﬂnZQeé fJﬁ @heoéu¥@éﬁ9e'§s

16-bit latch. E ut es e sum o
converted pixel?@ 9rPB§p§BPFv§P9rFﬁeP5t&hGGBYEraBE displacement of athsum in

latch 72-1, 72-g essggfﬁé@gbggch adder 70-1, 70-2 is witten back
respectlvely |nto S z ai .74-2 at the same 35 add ess fron%mhlch it was
read. Control circui ERfhgaudienge, BemRer 'syre: éﬁﬁr%@g At

the end of eachdétesmihkd byl sdwply hskiagseasch member to hold his

10 reflector in a comfortable position, while having the
computer imaging system determine the individual dot
locations; or alternatively by observing the range of

. movement du;ing other use of the reflectors and finding
the center of that range for each member. .

15 The group cursor control as described immediately
above allows an audience to interact with the display
screen in much the same way as one does with a computer

- system mouse. The audience can point to things on the
screen, then change the color of their reflector, e.g. by

20 rotating a stick, to select the button or icon under the
cursor. Such two dimensional input mode also allows an
audience to indicate direction on the screen to, for
example, fly an airplane, indicate a target, or travel
through a maze.

25 : Since the number of screen pixels allocated to an
individual audience member's seat is often smail, usually
less than 100, it is advantageous to compute the location
of each dot to subpixel accuracy. This can be done by
various means. One method, for example, is as follows:

30 Find a pixel brighter than its four adjacent neighbors
(left, right, up, down). In each direction, (horizontal,
vertical) fit a parabéla through the three intensity
values, e.g., left, middle, right. Then find the subpixel
coordinates of the peak of the horizontal and vertical

35 parabolas. The formula is as follows: |

Given PO, P1, P2 adjacent pixel intensity values,



.- 10- this sequence: SRAM 74-1, 74-2 banks are sw tched by control
circuitry 82. The host conputer (not shown) reads the contents .of the
previ ously updated bank of each SRAM 74-1, 74-2. The host "conputer then
zeroes the contents of 5 the previously updated bank of each SRAM 74-1,
74-2. The VRAM 78 is previously set-up to contain a polygon index for
every pixel in the frame. Thus rectangles (or al ternatively Voronoi
tessell ations) are easily supported for a8fFning the cells as shown in
Figures 6 and 7. 10 In use the circuit of Figure 8 operates as
foll ows. First, it is wpthapésdelnPlhbragbver delsanibeth dpixelsi R§ andode,
with both lut's 66-1 andy§6- 2p¢Qa4 aphi aLSt{adl g 'ﬁ@g{ phag of 10
onto 8 bits. Color caIingfioﬁiga?aFgeﬁgya?g %?%c%%m%o$gs ton e i%gviem/of
the canera and 15 il | uni Ra¥edsbFOnRE: B er PRE ghe% BPHR- be used with the
audi ence. Video franmes are digitized and read out by the host conputer.
The host conputer dgiernipes.adjustnents .to.the lut's.66-1,, 66-2
required to conpensibg FBBpéﬁﬁg c°Pg§éP3ﬁEe§siﬁ°%%?o?yr %gbﬂ%thﬁo
Second, the Systemis opépdflewingasigheddfgactiengto thedeeordisatenefwith
the corrected tables Ioaggge&n hut's 66-1, 66-2. During this phase,
video franes are capture OF calibration reflectors |located in the room
i.e., nom nal reflectors used to set up and ai meach of the 25 caneras
by imaging their reflections. The host__c®2putRke

2 (2P1-P0O-P2)

Given the pixel location-of the image of an audience
member's reflector from one frame to the next, one

10 determines the velocity (and direction) of the reflector
by subtracting the dot's current XY location from its XY
location in the previous frame. A second method is
simultaneously for each audience member to locate the
brightest pixel in the neighborhood of that member while

15 summing the pixels in the neighborhood of that member.
Neighborhoods are assigned as described above. If the
magnitude of the brightest pixel is large relative to the
sum, then the reflector is deduced to be stationafy. Oon
the other hand, if the brightest pixel ("bright") is

20 significantly dimmer than the sum ("sum") of the pixels in
the neighborhood, the image of the reflector must have
been "smeared out" by movement. The formula for velocity
v in this method is

sum
bright

25 This method does not provide a direction indication.
Also, the magnitude of the velocity may need to be
adjusted for distance from the_caméra; as described above
for cursor mode.

Velocity is useful as a measurement of an audience

30 member's exertion in waving his reflector back and forth.
The aggregated velocity for a group of audience members
can, be used to control, for example, the on-screen speed



.reads out the inmages of the calibration refléctors and finds the

| ocation in the images of the col ored dots made by the reflectors. Then,
these.locations are matched with -~ the nmeasured physical |ocations of the
corresponding 30 reflector located in the room Together, this provides
sufficient -information tqQ conpute the transformation matrix for the
canera. This matrix allows the conputer to predi ct where in the canera

i mage the dot from an audi ence nenber'i%GITker to be found. Sanpling

c€lls are derived 35 surrounding the expected | ocations_ of .these dots. Each
anpl i g col | O RuAALET RS G thest e 68 Yapiclst SARFYRY ( ne
VRAM 78, wi t h addeivivigAai: mfkeln meidience to race agadsssdciastosherhgrarti.th a
particular cell nu M | h I S ' igure 6
’Y{hlezaendﬁﬂ{er énﬁ%@fﬁ&é ethh(ée ét%t%r 2% A it

or 7. As the digi I Xel romthe video canera arrives in
| at ches 68- 1, Wegber '@orﬁ%ffs))mﬁnmgm nksFhtatisochangeg cyexred imef dgmav/rRAM 78

! ndi cat ' ng. @‘iﬁé‘g@iﬂaﬂlﬁﬂf@{eﬁsﬂ&'&ﬂnﬂ&i&ﬂe 1%&&%@ Hir' &fi!gna-ﬁ*lliﬁg.a
unique identifier is provided _,for each cel], and identificatiion of "each
pixel with a Fcﬁar‘t’? nge,an indiyidualk pudience member could employ

Morse Code or serial ASCII to send text information. For
this means of communication;-the computer system and
camera monitor the state of each member's reflector or

10 light at a fairly high rate, e.g. the video frame rate of
30 frames per second. The state of each reflector or
light is treated independently as if they were many
parallel sampled serial communication lines. Any one of
various well known algorithms are used to extract

15 information from the streams .of samples; for example, the
algorithm used in a UART, a computer serial communications
chip. This technique allows audience members to employ
'smart’ light sources that each sehd, for example, a
unique serial number which distinguishes players in a

20 game. The serial number is then used to verify the |
identity of the winner after the gate is completed.
' Many variations are available in accordance with the
invention. The-abové‘described first embodiment is
essentially communicating tri-state data: a red

25 reflection, a green reflection, or none (no reéponse).
Instead, there may be only two states: reflection or none,
or multi-state (additional'colors). Instead of colors,
the states of the reflectors may be distinguished by being
of different polarizatiens. The reflecting devices may be

30 fluorescent in one or more colors, thus eliminating the
need for a visible light source. Instead of visible
light, the illumination could be infra-red or other
wavelengths, with a corresponding change in the nature of
.the reflectors. Also, instead of reflectors, each

35 participant could be provided with a self powered light
source such as a flashlight.

Also,'ﬁhe scanning may be performed (alternatively to



After conpletion of these calibration phases, the 10 systemis used in
conjunction with actual audience participation in the above-descri bed
sumi ng node. For each incom ng pixel, the 15 data bits identifying the
associ ated cell are clocked out and serve as an address for t-he SRAMs
74-1, 74-2 fromthe VRAM 78. In this 15 exanple, 15 bits are-chosen so as
to allow use with a'- l|arge audience, i.e., up to 32,768 people (cells)
for- 15 bits. The SRAMs 74-1, 74-2 are each then accessed and the

data fromthe SRAMs 74-1, 74-2 goes respectlufl | atches 72-1, 72-2.
Thus there is a read/nDdlfyIMW|te 20 cycle dF’ e SRANB 74-1, 74-2 for each

of the up to 32,_/768 cel | | The a n of static
RAM in each EﬁﬁwF?E fa ?3 fqﬂ pﬁ cf? %?%&ﬁgrgwégbeé§béﬁ%e§% §% fhe two
banks. At the modabllecqolsciildetingmmiaxors iideterfli eff byvidro samemaer 80

and_control ci riﬂ' E{stB?:as%5 ‘t'?a"e %eﬁf 1‘?1%‘ilild§§'°‘g'eiésér é9, szﬁgh%‘"rcesseo'

notifies ut ér the ot stati
Thus the sun1ofltﬁbtpbﬁﬁgoﬁ§ﬂ@9§qhﬂﬁ|&Ppﬁé@¢u§u92anénﬂh§tPhOtdeFﬂgﬂqn

static RAM bagkgh$s cheabedndIivdted 'i¥f WneCdnbddimeh®’ QreTBSn%h%ﬂaH&T Ham
SRAME 74-1, 74-2 s then read out 30 to the conputer 14 via the host

interface (not §H&%ﬁfeﬁ|ﬁﬁ and, beam,istoR 98- val ue for each channel. Thus
there are two nunirais iidfsda.aﬁinrm|We@1&opwl16ﬁtbagmhh6r&ad ;val ue and

t he second i ndi ing _t n.t. S .68
pol ygon cells tﬁg% .htlgséﬁg'r g%veg’e ognefaf%mﬁ}ige%eﬁggg? 3?@3 ﬁ'tf %:%2‘
74-2. The host é&onpatent Ofifiilde &illes,.cdmtandlclothert repyvéghtowrd ghtsSRa
74-1, 74-2 locgg§g§gg39|ng to active cells being sumred.

The above description is illustrative and not
limiting; further modifications will be apparent to one of
ordinary skill in the art in light of this disclosure and
the appended claims.

This Sheet Has Been Re,i
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- 12- It may be the case that with a small audi ence (and
proportionally larger cells) a cell can -have sufficiently many pi xel s
t'hat there is a possibility that the sum of pi xel values for that cel

may overflow 16 bits. In this 5 case, during calibration, the cell is split..
info one or nore subcells of less than 256 pixels each. Then during the-
summ ng phase, the host conputer adds the cell's partial suns after

readi ng them from SRAM 74-1, 74-2. - Figure 9a—sheus~4¢m;+uﬂ44¥nL_
summing circuit 60 10 ("sumer") connected between c nd conput er
14, W th conputer 14 driving projector-308v+a di spmﬁlﬁﬂwﬂl ll,lLlJ”ii)
Where the roomis divided up into sectors (see Figu

canmeras 24-1, QXAIMS addi tional caneras not shown) are used to cover the
auditorium this sectoriza- 15 tion being perforned by the host conputer
14-1 which then conbi nes data fromthe various video canmeras 24-1, 24-2
each of which has ah @babmtated summing circuit 60-1, 60-2 and associ at ed
dintermediary smaller (less powerful) conputer 14-2, 14-3, ,the conputers

14-1, 14-2, 14-3 all 20 be| conpnected by a local area network. In this
case there are mitipl® %%n %n?r‘i”nbz‘&‘ﬂ‘l‘iuqaat%cfrfm @tk 2least pRegne
such circuit Gfedso®- aoﬁprlssn@ theestepdhef: host conputer 14-1 then

deternines W@iCh camera Eééaidgﬁézeach person with a radiation source
capable of defining at least two states;
scanning all the radiation sources with a
detector thereby determining the state of each
scanned source; and
10 | aggregating the determined states into data.

2. The method of Claim 1, wherein the step of
scanning comprises using a video camera.

3. The method of Claim 1, wherein the step of
. scanning comprises collecting light with a movable mirror.
15 4. The method of Claim 1, wherein each radiation
source is a retroreflector for reflecting incident light.

5. The method of Claim 4, further comprising the
step of providing a source of incident light mounted
substantially coaxially with the detector to illuminate

20 the reflectors.

6. The method of Claim 4, wherein each
retroreflector reflects at least two distinguishable
colors, each color defining one state of the source.

7. The method of Claim 1, wherein the incident
25 light is polarized, and each source is a polarized
reflector defining at least two states of the source by
different rotations of the plane of polarization of
reflected light. '



¢oul d best observe each seat, and assigns to each seat one 25 camera 24-1,
24-2 so as to partition the audi ence anongst the caneras w thout
overlap. The partitioning procedure for each point, i.e., cell, selects
the canera 24-1, 24-2 whi ch has the cell's proj paiii 'Hest to

t he center of the canera inmage. For optimal si gﬁ“‘l“m“mlmumu* atioin
this sectorization process, it is best if there *s & nini"al® bfight ness
di fference within an i mage between thpéﬁ;[ghtest cell and di mest cel
which are in the sector assigned to eactt canera 24-1, 24-2. Thus the
canera i maged area_shou be relatiyely uniformin 35 distance . fromthe
canera. 1f8the NF?EE?§ ?%—Exﬁéms ffgbﬁgﬁipyghgsﬂpcfﬂgn% control
conponent 82 gaghheisvdnpoadricedcandt kach source is a polarized

- 13 - app i bank .at. t he beainnpi of frane, u rel teving

t he host conp%%géeg%gfhge%égépgTﬁgrggﬁfﬂlnglf&gFﬁéngbgéEg%SﬁﬁggpP el s not
assi gned to sdififegens| byientatd ouRANIE78hieopdahenofcperderpaatiing ©f t hose

pixel's will g5, geRbaiRg21RGneet erm ned cell number, such as zero, whose
suns are never cleared or “read from SRAM 74-1 and 74-2 by

9. The method of Claim 1, wherein each source is
fluorescent in at least one color.

10. The method of Claim 1, wherein the radiation is
infra-red. '

10 11. The method of Claim 1, wherein the states are
defined by movement of each source.

15. The method of Claim 11, wherein the states are
defined by a velocity of the movement.

'13. The method of Claim 1 wherein the sources are
15 each identified by coded information transmitted by the
radiation source. ' ;

14. The method of Claim 1, further comprising the
steps of: ' . :
providing a plurality of detectors, each
20 detector scanning a predetermined portion of the
radiation sources;
dividing each predetermined portion into a
plurality of cells, each cell including only one of
the radiation sources; and '
25 summing an intensity value of the source in each
cell, over all the cells. -

'15. A method for collecting data from at least one
person, comprising the steps of:
providing each person with a retroreflector
30 capable of defining at least two states, each state



t+he host conputer. One use of the thus obtained reflector
i nformati on (however processed) is to project on SCreen 34 u3|ng

vi‘deo 'proj ector 30 an i mage vi ewabl e by t he audi “m\ ng chart~._
with the state of the reflector associated with ; “‘ s
cofor. The audi ence nenbers may then find thensel clnLthé [ ge

- observing the inmage while manipulating their individual 15 reflectors.
Angt her use may be to conduct surveys of _t _ audience, asking them
guestions of fact and/or opinion and suring their response. Another

me
use- may be to use t p leldlng
the 20 audi ence int%‘%’é%??% Eé_%aé},] g @H%%r%gg“%ih% %e ro e one
"player" and acting as opEObydingtangbur¢ﬂomﬁellqntaSubsﬁgntkﬁIEYUse t he
states as input to éoé‘i:'ﬂflgyﬂ&'i‘ﬁ éaehth a B ¥ddb néarhdita Audi ence into

sections, each section ntrol one or nore I-nstrument paraneters
(pitch, 25 volune, etc.)Scanning t@fhé?¢%¥&ﬂﬁﬁrﬁﬁﬁ%?%ﬁﬁﬂQXI?ﬂﬂ RRY /N

determningghe  wiehetré- aﬂdaudtsﬁéﬁaweﬂlb@feﬁy ddtérminiEny i tie® Seaesa
i mage, in addltlon o.lts_ color d hereina ter I n one

S
such enbodi ment , efiRed; BY 8?°§ rﬁﬁﬁ?ﬁﬁg eCPhe ‘s dot is resolved
relative to a neutral poaggyregatingt bthe atabei of) exeh ascanmedd audi ence

menbers i ndi vi dual | g control a two dinensional input
node; this is S|¥e¥59r§£1%§585a§8§8n%%g%‘or tabl et device controls a

cursor in a conmputer system Each audi ence 35 nenber's input position is
determ ned by SUbtrfGt'nﬂ EPStém foﬁneoiieeeiﬂ¢n&a@§ fifor NPe "ESDSE ' Sndot  at
rest fromthe dot's current X and,Y coordjpates, £ers ectiv
10 person, each person being prov1 ed with rce o
illumination capable of defining at least two states,
comprising:
a detector for scanning the at least one person
thereby determining the state of each scanned source;
15 and

means for aggregating the states into data. -

" 17. The system of Claim 16, wherein each source
comprises a retroreflector which reflects at least two
distinguishable colors, each color defining at least one

20 state, and wherein the detector comprises a video camera,
and further comprising:
a source of light mounted substantlally co-
axially with the video camera;
means for defining a plurality of cells scanned
25 by the video camera, each cell including only one
source; and
means for summing an intensity value of the
source in each cell, over all the cells.

18. The system of Claim 17, whereln the means for
30 summing includes: '
two video channels, each for receiving a video-
signal associated with one of the states of .the
sources;

an analog to digital converter to digitize the



- 14 - correction factor may be required to conpensate for di st ance
fromthe camera if there is a significant range of distance. The X and Y
i'nput val ues of some or all of t he nenbers (possibly so corrected) are
aggregated by 5 sunmi ng to produce X and Y coordinates for the audience as

refi cctors. o+ Each auct ence menber” o rest  pcINNEMHENTIMet or i nec

by sinply asking each menber to hold his 10 reflectort it a“cohfortabl e
position, while having the conputer inmagi ng systemdeterm ne the

i ndi vi dual dot | ocations; or alternatively by observing the range of
novenment during ot her use of the refl ectordland finding the center of
that range for each nenber. 15 The group cursor control as described
i medi at el y abovér%F?bﬁsdaﬂlﬁﬁﬁléh@@agof?ﬁt%#%hncbﬂmﬁﬁlhe di spl ay

screen in nuch the same avayoaﬁ-ﬁﬁetdxaﬁé mf%@rﬁéﬁmcfrthe SYBgpe1pRgse. The
audi ence can p0|nt to.thin een ﬂfn change t he col or of

their reflector, e. %989 589P5¥ %?ﬁgegpgt?%19 N¢Y sel ect the button or icon
under the cursor Suca labchi filenssboring Mthd cmteected dld dvbzed

5 video signal for each channel;
a first memory for §toring'the latched signal
for each channel; and

a second memory for storing a pixel address
associated with the latched signal.

10 19. The system of Claim 17, wherein the detector
includes: '
means for detecting movement of each scanned
source; and
means for determinihg a location of each scanned
15 source to subpixel accuracy by finding a pixel
brighter than adjacent pixels on a video image of the
scanned source.



audi ence to indicate direction on the screen to, for exanple, fly an

airplane, indicate a target, or travel t hrough a maze. 25 Si nce the
nunber “of screen pixels allocated to an i ndi vi dual audi ence nenber's
seat is often small, usually | ess than 100, it is advantageous to
cofrpute the | ocation of each dot to.subpixel accuracy. This can be done
by various neans. One nethod, for exanple, is as follows: 30 Fihd a

. pixel brighter than its four adjacent nei ghbors (left, right, up, down).
In each direction, (horizontal, vertical) fit a parabola through the
three intensity values,. e.g., left,, mddle, right. Then find the
subpi xel coordi nates of the peak of the 3%rizontal and vertical 35
par abol as. The fornula is as foll ows: G ven PO, Pl, P2 adjacent

pi xel intensity val ues, VIDEO IMAGING METHOD AND APPARATUS. 15 _
with pixel P1 brighter than botfppixIENIE FNRTICIPATION P2. Pixel P1 may

be the sanme brightness as - pixels PO.or P2, but not both.
ABSTRACT .
5 An audience response system in which each audience

member is provided with a reflective device (or other
radiation source) which is, for example, green on one side
and red on the other side. Light from a spotlight is
reflected from the reflectors and imaged by a conventional

10 video camera. A computer receives the digitized and
processed image, forms a map of the audience, and
distinguishes the red from the green reflections. This
data is then used by the computer to project an image onto
a screen visible to the audience, the image being

15 controlled by the red or green image reflections. The
audience thus jbintly controls the screen image, for
instance for purposes of voting or playing a game. The
system also can detect movement (direction and/or
velocity) of each radiation source which data is

20 aggregated and thereby manipulates the screen image.
Also, the sources each may transmit coded information

(such as Morse code or ASCII) to individually identify
themselves. '

This Sheet Has Been T
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. The subpi xel coordinate is found by adding the 5 foll ow ng signed
fraction to the coordi nate of ~ pi xel PI1: [err] G ven the-

.pi xel- -l ocation of the inmage of an audience nmenber's reflector fromone
frame to the next, one 10 determnes the velocity (and direction) of the
refl ector by subtracting the dot's current XY location fromits XY

| ocation in the previous frame. A second nethod is si nul t aneously for
each audi ence nenber to |locate the brightest pixel in the nei ghborhood: of
t hat nenmber while 15 summing the pixels, i.n the nei ghborhood of that nenber:
Nei ghbor hoods are assigned as describe&l bove. If the magni tude of the
brightest pixel is l.arge relative to the sum- then the reflector is
deduced to be stationary. On the other hand, if the brightest pixel
("bright") is 20 significantly dimer than the sum ("sunt) of the pixels in
t he nei ghbor hood, the inage of the reflector nust. have been, "sneared out"
by novenent. The fornula for velocity vinthis nmethod is Bgir] 25
Thi s met hod does not provide a direction indication. Al so, e magni t ude
of the velocity nmay need to be adj usted for distance fron1thevﬁ%gera; as
descri bed above

. camera
16 18 22
> o3
disk | main frame
memory | memory | grabber
computer - o | graphics
monitor | | Keyboard | o display
< N N Q-
10 12 14 26
graphics video
monitor projector
< N
28 , 30

FIG.1



.for cursor node. Velocity is useful as a measurenent of an audlence

30 nenber's exertion in waving his reflector back and forth. The
.aggregated velocity for a group of audi ence nenbers can be used to
control, for exanple, the on-screen speed

- .16 - of an animated figure such as a person or vehicle, thereby
all owi ng part of an audi ence to race agagﬂ t anot her part. I n
anot her enbodi nent, the state 9

I s changed ove
si gnal i ng. Fd

et a
r |nst ch "‘“

4an saudi e menber's reflector or |ight
@k @tternto comuni cate i nformation by
gt i audi ence nmenber coul d enpl oy
Mbor se Code or S xt information. For thi s neans of
comruni cat i on, em and camera nonitor the state of 3éch
menber' s ref ] 0 |ight atd fairly high rate, e.g. the video f
9 cond. The ‘'state of each reflector or [

. wer e many paral | el sanpled
conmuni cati dn i vari ous well known ithnms are u;ed

to extract S; for exanple, the
computerH_video | -
— |projector]  \ |
i e hbhhhihh soren
: 30 361 362 audience % 36k .
FIG. 2a
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calgorithmused in a UART, a conputer serial connunicatibns chip. This
techni que al |l ows audi ence nenbers to enpl oy "smart' |ight sources that
-each 'send, for exanple, a unique'serial nunber whi ch di stingui shes.

pl ayers in a 20 gane. The serial nunber is then used to verify the
identity of the winner after the gate is conpleted. Many vari ations
are avail able in accordance with the i nvention. The above descri bed
first enbodinent'is essentially comunicating tri-state data: a red 25
reflection, a green reflection, or none (no_response). I nstead, there
may ‘be only two states: reflection or non or nulti-state (additional
- colors). Instead of colors, the states of the reflectors nay be

di stingui shed by Dbei ng of different polarizations. The reflecting
devi.ces may beiunol escent in one or nore colors, thus elimnating the

need for a visibl source. Instead of visible light, the 44
illum nation could?> wnfra-red or other wavel engths, with a
correspondi ng chang the nature of The TerTetrors—Atsor—i-n d of

reflectors, each 35
source such as a
(alternatively to

2% | video . . retroreflector

rticipant could be provided.w-t
AFS0, the scanning may be perfof nmed

o FIG. 3
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- 17 - the canera 24 and |light of Figure 2A) by one or nore novabl e

(oscillating) mrrors instead of a.video canera. In this case, the system
i{ncludes a laser 90, a mrror | i ght beam defl ecting apparatus 92, and a
phot odetector 5 94. Al'so included in one enbodi ment are conventional beam
splitter 96 and beam stop 98. The above description is-illustrative
and not limting;, further nodifications will be apparent to one of
ordinary skill in the art in light of this disclosure and 10 the appended
clrai ns. - 18 - CLAI V5
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I claim 1. A method for collecting data fromat |east one
person,, conprising the steps of: 5 provi di ng each person with a
radi ati on source capabl e of defining at |east two states;

scanning all the radiation sources with a detect or thereby
determning the state of each scanned source; and 10

aggregating the determ ned states into data. 2. The nethod of
Claim1, wherein the step of scanni ng conprises using a video carmera.

3. The nethod-of Claim1, wherein the step of scanni ng conpri ses
collecting light with a novable mrror. g 4. The nethod of O aim
1, wherein each radiation 'source is aretroreflector for reflecting

i ncident |ight. 5. The nethod of Caim4, further conprising the
step-of providing a source of incident |light nounted  substantially
coaxially with the detector to illum nate 20 the reflectors. 6.
The nethod of Claim4, wherein each retroreflector reflects at |east two
di st i ngui shabl e

F - p 70-1 A 641
sramldata lut =45 ' video 1
. - a/d .
addr \66-1
1is
721 B
. GlF
16 F 76 |
HIE | 14
d clocks, I8
€2 yram PY—1 ! fiming, —<F—sync
N_78 control N\_g2
15
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sram 642
ut < ,-)—video 2
ald




di fferent

- 9.

reflector defining at
rotations of the pl ane of pol ari zation of:
-19 -
I s unpol ari zed and each
| east two states of the
di fferent orlentatlons of the plane of polarization of 5
The nethod of Claim1, wherein each source is

reftector definin

, each color defining one state of the source.
net-hed: of Claim1l, wherein the incident 25 |ight
source is a polarized
soeurce by
reflected Ilght
The nethod of Claim1, wherein the i nci dent
source is a polarized
source by -
reflected |ight.
fl uorescent

| east

| i ght

I s polari.zed,
two states of the

in at | east one color.
ol computer - summer [ 50
26~ s
play 24
card camera
30~ projector
FIG. 9a
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oomputer. computer
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10. The method of Cdaim1l, wherein the radiation is I nfra-red. 1
11.. The'method of Caim1l, wherein the states are defi ned by novenent of °

each source. 12. The method of Claim 11, wherein the states are
defined by a velocity of the novenment. 13. The method of Caiml
wherein the sources are 15 each identified by coded information transmtted
by the radi ati on source. ' 14. The nmethod of Caim1, further
conprising the st eps of: providing a plurality of

detectors, each 20 detector scanning a predeterm ned portion of the

radi ati on sources; di vi di ng each predetermnm ned portion into a
plurality of cells, each cell including oalyj,one of . the radiation
sources; and 25 summing an intensity value of the source in each

cell, over all the cells. vipeo rmadine MERIAhbS aFPARRFGSNY data from

at | east one person, conprising the ste provi di ng
each person with a retroref| ect 5PR AUDIENCE PARTICIPATION
ABSTRACT i
5 An audience response system in which each audience

member is provided with a reflective device (or other
radiation source) which is, for example, green on one side
and :ed on the other side. Light from a spotlight is
reflected from the reflectors and imaged by a conventional

10 video camera. A computer receives the digitized and
processed image, forms a map of the audience, and
distinguishes the red from the green reflections. This
data is then used by the bomputer to project an image onto
a screen visible to the audience, the image being

15 controlled by the red or green image reflections. The
audience thus jointly controls the screen image, for
instance for purposes of voting or playing a game. The
system also can detect movement (direction and/or .
velocity) of each radiation source which data is

. 20 aggregated and thereby manipulates the screen image..

‘Also, the sources each may transmit coded information

(such as Morse code or ASCII) to individually identlfy
themselves.
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rnaylally nnnnfnd with a

scanni ng the Iocatlons occupi ed by each person 5

, er eny | € efin
t rorefl ector; and “aggregating the state of each scanned
frorefl ector into data. 16. A systemfor collecting data from

b state of each scanned source;

15

| east voR8oIREINEMESERID RRIS APPAR RIS EOR ABHINCE PARERATON
um nat¥om capanr € of _Jdefr 1 ng east two states, COMpr 1 sI ng.
det ector for scanning the at Ieast one person - thereby determ ning

s for

and mean
gr egati aeiense resPansESYSieyinydigh each audience member (36-1...36-k) is provided with a
reflective device {or other radiation source) which is, for example, green on one side and red

on the other side. Light from a spotlight (40) is reflected from the reflectors and images by a
conventional video camera (24). A computer receives the digitized and processed image,
forms a map of the audience, and distinguishes the red from the green reflections. This data is
then used by the computer to project an image onto a screen (34) visible to the audience (36),
the image being controlled by the red or green image reflections. The audience (36) thus
jointly controls the screen image, for instance for purposes of voting or playing a game. The
system also can detect movement (direction and/or velocity) of each radiation source which
data is aggregated and thereby manipulates the screen image. Also, the sources each may
transmit coded information (such as Morse code or ASCI) to individually identify
themselves. '

Fig.3
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17. The system of Cl aim 16, wherein each source—eoip

retroreflector which reflects at |east two |ﬁ*ﬁﬁ5 P%hﬁ%ﬁé ébréi% e¥éh
colorrdeflnlng at | east one 20 state, and mherél *héf@et%ctﬁﬁ JH%%?P@E@ -
vi deo canera, -~ and further conprising: L Chanmgs) soupesedot .- 1o piged ...
mount ed substantially co- . axially with lt he ep(stapaged;..... to paged ...
means for defining a plurality of cells scanned p5Avstrset by : pépedvi.deopaged .....
canmera, each cell including only one squrce; and nmeans
for sunmming an intensity value of the - ¢ - soutce: irw eagh:eel lypver all
the cells. 18. The systemof Caim 17 “wher-er n-the—means—+or

summi ng i ncl udrsitions around tﬁd\DaNdﬂB@rchﬁpnngaseaﬁhcéoérreriél éhl&gr@
deo, el SSRGS P snceol b7 BLRLSBoRel .
' combinations, the size of each reflector 44, and the
ambient room light level may be varied so as to achieve a
5 satisfactory image at camera 24 to enable each reflecting
device to be imaged. The image (Figure 4) consists of a
varying number of colored dots, 50-1, S50-2, 50-3, ...,
50-i, ..., 50-n, generally moving slightly, each colored
dot being the image of one réflector. Software resident
10 in the computer analyzes this time-dependent imagery to
deternine the state of each of the audience members'
reflectors. The video camera‘'s perspective transformation
matrix describes how reflectors in the room are
transformed into points 50-1, ..., 50-n in the video
15 image. This matrix is derived for each camera 24 when it
is emplaced, before use with the audience.

Derivation of the matrix is done via a least-squares
technique by associating the known locations of specially
located reflectors in view of the camera(s), with the

20 resulting positions of said reflectors in the video
image (s) of each camera 24. The correspondence so derived
allows one to predict the location in the video image of
any point (i.e., each seat 36-1, ..., 36-k) within the
view of the camera 24. Given the layout of the seats 36-1,

25 ..., 36-k in the auditorium and the probable offset of a
typical reflector from the associated seat, the
transformation matrix permits the computation of the pixel
location of each audience member's reflector in the video.
image of the audience.

30 Alternatively, the seat geometry matrix may be
overlaid with a sampling mesh (see Figure 5), with each
cell 52-1, 52-2, ..., 52-i, ..., 52-k the size of
approximately the dimensions of one or more seats. This




- 21 - recei ved video signal for each channel; a

| ook-up table for correcting the digitized vi deo signal for each
channet-; -a latch for storing the corrected digitized 5

vi deo S|gnal f'or each channel ; a first menory for storing the
| at ched si gnal for each channel; and a second nenory
for storing a pixel address associated with the | atched signal

10 19. The systemof Caim17, wherein the detector i ncl udes:
means for detecting novenent of each scanned source; and

means for determning a Iocatlon of each ddarned 15 source to subpi xel

accuracy by finding a pix brighter than adjacent pixels on a
vi deo i mage bhet gamera 24 %ﬂﬁnﬁkﬁh%oﬁ?c@lgure 2A) by one or more

movable (oscillating) mirrors instead of a video camera.
In this case, the system includes a laser 90, a mirror
light beam deflecting apparatus 92, and a photodetector

5 94. Also included in one embodiment are conventional beam
splitter 96 and beam stop 98.

The above description is illustrative and not
limiting; further modifications will be apparent to one of
ordinary skill in the art-in light of this disclosure and

10 the appended claims.



