
Video-Based Sensing for Wide Deployment of Sentient Spaces 
 
 

D
�

i
�
e� g� o�  L

�
ó

�
p� e� z�  d

	
e�  I



p� i

�
ñ

�
a�  

La� b


o� ra� t

�
o� ry�  fo� r C

�
o� mmu� nic� a� t

�
io� ns Eng� ine� e� ring� , 

C
�

a� m� b


r� i

�
d

	
g� e�  U

�
n� i

�
v� e� r� si

�
t

�
y�  E

�
n� g� i

�
n� e� e� r� i

�
n� g�  D

�
e� p� a� r� t

�
m� e� n� t

�
, 

C
�

a� mb


rid

	
g� e� , U

�
nit

�
e� d

	
 King� d

	
o� m 

d
	
l231@e� ng� .c� a� m.a� c� .u� k 

 
 

A
�

b
�

s� t
�
r� a� c� t

�
 

 
  Se nt! i

"
e nt S

#
p$ ace s%  a& re  p$ e rce p$ t! i

"
v' e p$ hy( sica& l sp$ ac) es%  that!  a& i

"
d
*
 

use r a& c) t! i
"
v' ities%  with c) o+ m, p$ u- t! e r.  p$ rovi

"
d
*

ed
*

 se rvi
"
ce s. Con/ t! e x0 t 

inf
1
o+ r. m, at! i

"
o+ n/ , c) a& p$ tured

*
 throug2 h

3
 ne twork

4
s of

1
 s% e ns% o+ rs, i

"
s%  

co+ mm, uni
"
c) at

!
e d to c) om, p$ ut

!
i
"
n/ g2  devi

"
c) es% , e mb

5
ed

*
ded

*
 in the 

en/ vi
"
r. on/ m, e nt, tha& t!  int! e rp$ r. et!  the  c) ur. r. ent s% i

"
t! u- ation/  obs% e rv' ed

*
 

and
*

, as%  a&  c) o+ n/ s% eq6 uen/ ce , t! r. i
"
gger ade qua& t! e  se rvi

"
c) es f

1
or the 

use r. Un/ f
1
ort! un/ atel

7
y( ,8  the se nso+ r.  tech

3
n/ olog2 ie s%  use d i

"
n/  

co+ ntex0 t!  ca& p$ tur. e (
9
in sp$ eci

"
a& l

7
 u- s% er.  loc) at! i

"
o+ n/ ) are u- s% u- ally(  t! o+ o+  

ex0 p$ e ns% i
"
v' e and c) om, p$ lex0  t

!
o+  d

*
ep$ loy( , co+ n/ f

1
igu- re  and

*
 m, ai

"
n/ t

!
a& in. 

Th
3

is has%  p$ r. e ven/ t! e d
*

 a&  w: i
"
d
*

e r ad
*

o+ p$ tion/  o+ f
1
 t! h

3
e so+ -ca& lled

*
 

Sentient Comp$ uting2  p$ ara& d
*

i
"
gm i

"
n/  o+ ur livi

"
n/ g or w: ork

4
in/ g2  

sp$ a& c) es. W
;

e p$ re se nt, T
<

R
=

I
>
P, a&  n/ o+ ve l vi

"
s% i

"
o+ n-b

5
ase d sensor.  t! ha& t 

use s t! h
3

e  c) om, bina& t! i
"
o+ n o+ f

1
 of

1
f

1
-t! h

3
e-sh

3
e lf

1
 h

3
a& rd

*
wa& re  (

9
vi

"
d
*

eo+  
ca& meras%  an/ d

*
 PCs) an/ d

*
 p$ rint! ab

5
le  ci

"
r. c) ula& r.  m, arker. s%  f

1
o+ r.  

en/ ti
"
ty(  i

"
d
*

e nt
!
i
"
f

1
i
"
c) at

!
i
"
o+ n/  and

*
 lo+ c) at

!
i
"
o+ n/ . Thi

"
s%  m, ore conv' en/ ien/ t 

sen/ sing d
*

ev' ic) e i
"
s%  acc) o+ m, p$ a& n/ ied

*
 by(  a s% e t of

1
 p$ r. o+ g2 ram, min/ g2  

abs% t! r. a& ct! i
"
o+ ns a& nd m, i

"
d
*

d
*

lew: a& r. e  s% e rv' ice s, n/ a& m, e d S
#
I

>
F
?
,8  t! ha& t 

ma& k
4
e t

!
h
3

e d
*

e vel
7
o+ p$ me nt

!
 of

1
 sentient sy( s% te m, s a& nd the ir la& ter 

dep$ loy( me nt!  a les% s%  c) umber. some  an/ d
*

 e as% i
"
e r p$ roce s% s% .@  

 
 

1.A  I
B
nC t

D
rE oF d

G
uH cI t

D
i

J
oF nC  

 
  Ub

K
iqL uitoM us CoM mputing [27] envisions physN ical spaceO s, 

such as officesN  or homeO s, auP gQ ment
R
eO d

S
 wT ith cU ompV uP t

R
ingQ  

devW icU es, seamleO ssly inteO gQ rat
R
eO d intoM  t

R
heO  eO nvW ironmeO nt, that 

aid
S
 huP mansN  in their everydaX y aX ct

R
ivW it

R
iesN .Y  It coM rreO spoM nd

S
sN  t

R
oM  

the next
R
 gQ eneO raX t

R
ion oM f compuP t

R
ingQ  in wT hich the user’sN  

at
R
t
R
ention will noM t be d

S
raX wn by comput

R
ersN  b

K
uP t vW iceO  veO rsN aX , 

i.Y eO . coM mpV uters will b
K
eO  att

R
eO nt

R
ive to usN eO r int

R
eO raX cU tioM ns and aid

S
 

their d
S
aX ily t

R
aX sN ksN .Y   

  Sent
R
ieO nt CompuP t

R
ingQ  [8] isN  oM uP r apV pV roM aX ch t

R
oM  maX keO  the 

UbiqL uP it
R
oM uP sN  CompV uP t

R
ingQ  dreaX m aX  realit

R
y.Y  It aX ims t

R
oM  creaX te 

perceO pV t
R
iveO  livingQ  sN pV acU esN  wheO re uP sers act

R
ivW itiesN  are 

enhaX ncU ed
S
 b

K
yZ  softwT areO  sN eO rvW icU es pV rovided b

K
yZ  embed

S
ded

S
 

devW icU es in the eO nviroM nment.Y  TheO se enviroM nment
R
sN  acU hieO ve 

aX waX reO neO ss oM f t
R
heir sN uP rroM uP ndings t

R
hrougQ h sensN oM rsN  t

R
haX t

R
 

cU apV t
R
uP reO  coM ntext

R
uP aX l infoM rmaX tion sN uP cU h aX s the locaX tion aX nd 

ideO ntity oM f ob
K
j

[
eO ct

R
sN  or the sound

S
 levW eO l aX nd teO mpV eO raX ture oM f aX  

pV hyZ sN icU aX l spacU e. S
\

eO ntient C
]

oM mputing combines the d
S
yZ namicU  

informaX tion coM nveyZ ed
S
 b

K
yZ  sN eO nsors wT ith sN t

R
aX tic informaX tion 

froM m dat
R
aX  repV ositorieO s (

^
e.Y g.Y  entityZ  att

R
ributesN ,_  t

R
heO  gQ eoM meO t

R
ricU  

feaX tureO s oM f a pV hysicaX l locaX t
R
ion oM r the cU apV ab

K
ilit

R
iesN  oM f 

deO vicesN )
`
, in order t

R
oM  build aX n uP p-t

R
o-dat

R
eO  pV icU ture oM f t

R
heO  

current sN t
R
aX te oM f the wT orld

S
.Y  AsN sN isN t

R
eO d by such model,_  sentieO nt

R
 

syZ sN t
R
eO ms aim to perfoM rm t

R
heO  right

R
 service at the right t

R
imeO  

on behalf of uP sN eO rsN .Y  In eO ssenceO ,_  comput
R
ingQ  systemsN  and

S
, by 

extensN ioM n, t
R
heO  sN pV aX ceO sN  wT hereO  thesN eO  sN yZ sN t

R
eO msN  aX reO  insN t

R
alleO d aX reO  

givW eO n aX waX reneO ss sN oM  that
R
 t

R
heyZ  caX n b

K
eO cU ome reO act

R
iveO  to t

R
heO  

peO opl
a
e aX nd acU tivitieO sN  tak

b
i
c
nd gQ  pV l

a
aX ceO  are ouP nd d

S
 t

R
heO m. 

  T
f
o b

K
e aX b

K
l
a
eO  t

R
oM  tre ack

b
 the loM caX t

R
i
c
oM nd  of peopleO  and d cU ompV uP tere s 

haX s b
K
eO eO n sN h

g
ownd  to b

K
e a vere y usN eO f

h
uP l capV ab

K
i
c
l
a
i
c
t
R
yZ  foM re  t

R
h
g
eO  

deO velopmi eO nt
R
 oM f

h
 coM ntexj t-aX waX reO  apV pl

a
icat

R
i
c
oM ns. I

k
n f

h
acU t, mi oM st 

of
h
 theO  cuP rre eO nd t

R
l
a
yZ  eO xi

c
sN t

R
i
c
nd gQ  send tiend t apV pV l icaX t

R
ioM nd sN  exj pV loit t

R
heO  

locU ati
c
oM n attre i

c
b
K
uP te oM f

h
 coM ntexj t [10

l
]
m
. T

f
his exj pV lai

c
nd s wT h

g
yZ  in t

R
heO  

ind
S
oors d

S
omaX in sevW eO re al

a
 poM sN it

R
ioni

c
nd gQ  sN yZ sN t

R
eO ms have aX ppeO are ed 

pre ovi
c
d
S
i
c
nd g d

S
i
c
f
h
feO reO nt

R
 eO nd t

R
i
c
t
R
yZ  loM caX t

R
ioM nd  graX nd uP lare ity, i.e.Y  raX nd gQ i

c
nd g 

fre omi  re ooM mi -scal
a
eO  reO sN oM l

a
uP tiond  sN uP ch

g
 asN  t

R
h
g
e i

c
nd fraX re ed

S
-baX sed 

AcU t
R
i
c
vW eO  B

n
adge [25]

m
, t

R
oM  more e aX cU cuP raX te 3D cU ooM rdi

c
nd at

R
eO  

reO sN oM l
a
uP tiond  oM ff

h
eO re ed

S
 by systems sucU h aX s theO  ul

a
t
R
re asN oM nic-baX sed 

AcU t
R
i
c
vW eO  B

n
aX t [26

o
]. Al

a
l thesN e systemi s re eqL uP ireO  pV eO oM pV le and d 

ob
K
j

[
eO cU ts t

R
h
g
at

R
 wi

c
sN h

g
 t

R
oM  beO  l

a
oM caX ted t

R
oM  b

K
eO  gQ i

c
vW end  an eO lecU tre oni

c
cU  t

R
aX g 

thaX t traX nsN mi i
c
t
R
sN  aX  uniqL uP e ideO ntifieO re  vW i

c
aX  ei

c
t
R
h
g
ere  aX nd  inf

h
raX reO d,_  

ul
a
t
R
re asN oM und

S
 ore  re ad

S
io i

c
nd tere faX ce to aX  networe k oM f send sors ond  theO  

waX l
a
lsN  ore  cU eO il ingQ sN  oM f

h
 a buP i

c
l
a
d
S
ing.Y  A L

p
o+ ca& t! i

"
o+ n Ser. ve r then 

poM l
a
l
a
sN  and d aX naX lysesN  theO  inf

h
ormi at

R
i
c
oM nd  fre omi  t

R
h
g
e sN end sorsN  and d 

maX kesN  i
c
t
R
 avW ai

c
l
a
aX bl

a
eO  t

R
oM  aX ppV l

a
i
c
cU aX tionsN .Y   

  D
q

esN pV ite th
g
eO ir pV re ovW eO n usN aX bi

c
l i

c
t
R
yZ ,_  exj i

c
sN t

R
ind g ind doM oM r locat

R
i
c
oM n 

syZ st
R
ems have sN oM mi e imi pV oM rt

R
aX nt

R
 dre aX wT bacU k

b
sN .Y  TheO  t

R
aX gQ sN  t

R
heO y 

usN eO  are e pV roM pV ri
c
eO tare yZ  and d neO ed

S
 b

K
at

R
t
R
eO ryZ  pV oM weO r t

R
oM  oM pere ate.Y  T

f
heO  

inf
h
raX struP ct

R
uP re re eqL uP ireO d,_  i.e.Y  aX  nd eO twT oM rk

b
 of send sore s, is 

coM mpl
a
eO x and d

S
 exj pV end sN ive t

R
oM  i

c
nd sN tal

a
l
a
 and d mai

c
nd tai

c
nd . Th

g
eO seO  

faX ctorsN  haX ve limi
c
t
R
eO d t

R
h
g
e depV loyment oM f sN uch

g
 pV oM sitiond i

c
nd g 

systems to reO sN eO are ch lab
K
oraX toM re iesN .Y  Th

g
i
c
sN  wT ore k pV reO seO nts and  

al
a
t
R
eO re nat

R
ivW e vW i

c
sN i

c
oM n-b

K
asN eO d sN eO nsN oM re  tecU hnd ologQ yZ  knd oM wT nd  aX s T

f
RIP

r
 



 

that of
h
feO rsN  a b

K
et

R
t
R
eO r traX de-of

h
f b

K
et

R
wT eeO n t

R
h
g
e pV ri

c
cU e and d

S
 

fl
a
eO xi

c
b
K
i
c
l
a
i
c
t
R
yZ  and d the aX ccU uP re acU yZ  of theO  l

a
ocaX t

R
i
c
ond  d

S
aX taX  pV roM vW i

c
ded

S
.  

  S
\

oftwT aX reO  d
S
eO veO lopmeO nt

R
 foM r sN eO nt

R
ieO nt

R
 sN yZ sN t

R
eO msN  isN  usN uP aX lly a 

raX theO r i
c
nd vW olveO d task, sinceO  i

c
t
R
 eO ncU omi pV aX sN sN eO s th

g
eO  coopV eO re aX t

R
i
c
oM nd  

of sevW eO re al
a
 d

S
i
c
stri

c
b
K
uP ted

S
 eO leO mend ts, sN uch

g
 aX sN  aX  netwoM re k of

h
 

send sore s, a d
S
aX tabasN e,_  aX  Locat

R
i
c
oM n S

\
eO rvW eO re  and the eff

h
eO cU torsN  

und
S
ertaking t

R
heO  aX cU tionsN  trigQ gQ ered

S
 asN  reO suP lt

R
 of sensor inpV uP t 

inteO rpV re etaX t
R
i
c
oM nd . T

f
hi

c
sN  aX pV pV reO ci

c
aX t

R
i
c
oM nd  haX s reO sN uP l

a
t
R
ed

S
 in seO vere al 

reO search efforts being coM nduP cU t
R
eO d towards faX cilitat

R
ing 

coM ntexj t-aX waX reO  apV pli
c
cat

R
i
c
oM nd s devW el

a
oM pment, eO .g. t

R
h
g
eO  stick

b
-e 

not
R
eO  aX rcU hi

c
t
R
eO ct

R
uP reO  [2] and d t

R
h
g
eO  C

]
oM nd texj t

R
 T

f
ooM l

a
k
b
it fre ami ewT ork  

[2
s
1].Y  T

f
heO  S

\
I
k
F f

h
re aX mewT ore k i

c
s oM ur appre oacU h

g
 to tacU kleO  t

R
h
g
i
c
sN  

issueO . Th
g
is f

h
raX meO woM rk

b
 di

c
f
h
f
h
ersN  fre omi  pre evW i

c
oM us wT ore k i

c
nd  t

R
h
g
aX t

R
 it 

foM cU uP sN eO sN  not
R
 onlyZ  on proM vidingQ  suit

R
aX bleO  higQ h-leO vel 

ab
K
straX ct

R
i
c
oM ns oM nd  whi

c
cU h sN eO nt

R
i
c
eO nt apV pl

a
i
c
cU at

R
i
c
oM n proM graX mi mi eO rsN  

base t
R
h
g
ei

c
re  d

S
eO si

c
gnd sN , b

K
ut also pV aX yZ s aX  spV eO cial

a
 aX ttention t

R
oM  

ef
h
fi

c
cU iend t sN eO nd sN oM r dat

R
aX  d

S
isseminaX tion.Y  I

k
n aX dd

S
i
c
ti

c
oM n, SIF

t
 i

c
sN  

coM upl
a
eO d wi

c
t
R
h
g
 somi eO  esN sN eO nd t

R
i
c
aX l middl

a
eO waX reO  sere vicU esN .Y  Of

h
 

speO ci
c
aX l i

c
ntere esN t aX mond gQ  theO seO  seO rvW i

c
cU eO s i

c
sN  LocU AL

u
E, a 

midd
S
l
a
eO waX re e ind f

h
raX struct

R
uP reO  off

h
ere ingQ  seO ntient aX pV pV licaX tiond sN  

coM ntroM l oM vW er oM bj
[
ect

R
’s lifeO cycU leO  aX nd

S
 loM cU ation in a neO twoM rk.Y   

  SecU tiond sN  2 and d
S
 3

v
 exj plore eO  t

R
he TR

w
IP

r
 t

R
eO cU hnoM l

a
oM gy aX nd the 

distre ib
K
ut

R
ed sN yZ sN t

R
eO msN  ind fre asN trucU ture e bui

c
l
a
t
R
 oM nd  topV  of i

c
t
R
.Y  S

\
I
k
F i

c
sN  

oveO rvW i
c
eO weO d

S
 in sN eO cU tiond  4. SecU tion 5

x
 of

h
feO rsN  a bri

c
eO f 

desN cre ipt
R
i
c
ond  of

h
 t

R
h
g
eO  L

u
ocALE

y
 mi

c
dd

S
lewT are e seO rvW i

c
cU e. S

\
eO ct

R
i
c
oM n 6

o
 

il lustrat
R
eO s the uP sN aX b

K
i
c
l
a
i
c
t
R
yZ  of

h
 t

R
h
g
e TR

w
IP

r
 tecU hnd oM logy t

R
h
g
roM uP gh the 

desN cre ipt
R
i
c
ond  oM f

h
 twoM  TR

w
I
k
P-end ab

K
led

S
 aX ppl

a
i
c
cU ati

c
ons bui

c
l
a
t
R
 wi

c
t
R
h
g
 

the aX ssi
c
st

R
aX ncU e of

h
 t

R
h
g
e SIF

t
-d

S
ef

h
ined proM graX mmi

c
nd gQ  

ab
K
sN traX ct

R
i
c
oM ns and d the L

u
ocA

z
L
u

E
y

 mi i
c
d
S
dlewT areO . S

\
ecU ti

c
oM nd  7

{
 oM f

h
feO rsN  

a b
K
ri

c
eO f summi aX ryZ  of someO  rel

a
aX ted

S
 reO seO are ch. SeO ct

R
ion 8

|
 

sket
R
cU h

g
eO s somi eO  fuP re theO r woM rk

b
 and draX wT s sN oM me cU ond cU lusN i

c
oM ns. 

 

2.A  TRIP: a}  v~ is� ioF n-b
�

a} s� e� d
G

 loF cI a} t
D
ioF n s� e� ns� oF r 

 
  TR

w
IP

r
 (T

f
aX rget

R
 ReO cU ogni

c
t
R
ion uP sN i

c
nd gQ  Imi agQ eO  P

r
roM ceO ssing) 

[12
s
]
m
[13] i

c
sN  a vision-b

K
asN eO d send sN oM r sN yZ sN t

R
eO m that

R
 uP sN eO s a 

coM mi b
K
inat

R
i
c
ond  oM f

h
 vW i

c
sN uP aX l maX rk

b
eO rs (2

s
-D r. i

"
n/ g2 c) o+ d

*
e s)

`
, sN eO e F

t
i
c
guP re e 

1, and d
S
 vi

c
deO o cU ami ere asN  to i

c
d
S
eO ntifyZ  and d l

a
ocU at

R
eO  t

R
aX ggeO d oM b

K
j

[
eO ctsN  

ind  th
g
e f

h
iel

a
d
S
 oM f

h
 viewT . R

w
eO lat

R
i
c
vW eO ly low C

]
P
r
U d

S
eO maX ndingQ  i

c
maX ge 

proM cU essind g and d coM mi putere  vision algori
c
t
R
h
g
mi sN  aX reO  aX pplied

S
 t

R
oM  

vW id
S
eoM  fre amesN  toM  obt

R
aind , i

c
nd  neaX re  reO al-t

R
ime, t

R
h
g
e i

c
d
S
eO nd t

R
ifi

c
eO r 

(
^
TR

=
I

>
Pco+ de)

`
 aX nd p$ o+ se (

^
locat

R
i
c
ond  aX nd d

S
 ori

c
entat

R
i
c
oM nd )

`
 of

h
 the 

t
R
aX rget

R
sN  wi

c
t
R
h
g
 reO gaX rd

S
 t

R
o the vi

c
ewi

c
ngQ  cami eO raX s. 

  TR
w

IP
r
 cU onsN t

R
i
c
t
R
uP tesN  aX  vW eO ryZ  cU heO apV  and d versaX tile sN end sN or 

t
R
eO cU hnoM loM gy.Y  Its 2-D printab

K
le ringcoM d

S
esN  (TRIPt

!
a& g2 s) 

re epreO seO nt aX  t
R
eO re nare y nd uP mber i

c
nd  theO  re and gQ e 1-3

v 13
�
 (1,_ 5

x
9
�
4,3

v
23

v
)
`
. 

T
f

hi
c
sN  nd umb

K
eO re  is re eaX d and t

R
i
c
-cl

a
oM ck

b
wT iseO  fre omi  i

c
t
R
sN  uni

c
qL ue 

sN ynd ch
g
roM nd isat

R
i
c
oM n sect

R
oM r, aX s i

c
lluP straX t

R
eO d in Fi

c
gureO  1.Y  O

�
nl

a
yZ  of

h
f
h
-

t
R
h
g
e-sheO lf haX rd

S
waX reO  i

c
s re eqL uireO d

S
:�  lowT -re esN oM lutiond  C

]
C
]

D 
cU aX meraX s aX nd

S
 t

R
heO  proM ceO sN sN ingQ  pV oM weO r of PC

]
s. TRIP’s loM wT -

cU oM sN t
R
 aX nd

S
 aX mi pV l

a
eO  addre esN sN i

c
ng spaX ceO  maX ke i

c
t
R
 sN uP itab

K
le f

h
or 

t
R
aX gQ gQ ing evW en loM w-coM sN t itemsN , sN uP ch asN  b

K
oM oksN  oM r officU e 

sN tat
R
i
c
oM nd are y,_  in cU ond t

R
re aX st to oM t

R
h
g
ere  locat

R
i
c
oM n sensingQ  

t
R
eO cU hnoM l

a
oM gies. U

�
sere s wi

c
t
R
h
g
 wT eb

K
-cU ami s aX t

R
t
R
aX ch

g
ed

S
 t

R
oM  t

R
h
g
ei

c
re  P

r
C
]

sN  

maX y i
c
nd sN tal

a
l
a
 the TR

w
I
k
P sN oft

R
wT are e and h

g
end ceO  pV roM vW i

c
d
S
e visuP aX l 

awaX reO neO ss t
R
oM  t

R
h
g
ei

c
re  mach

g
i
c
nd esN .Y  A

z
 pV ubl

a
i
c
cU  domi aX in re el

a
eO asN e oM f

h
 

theO  TRIP softwT areO  isN  pV lanned
S
 t

R
oM  b

K
e aX vailab

K
leO  sooM n aX t

R
 ouP r 

resN eO arcU h gQ roM uP p’s site:�  h
g
t
R
t
R
pV :� /

�
/

�
wT wT w-l

a
cU eO .eO nd gQ .Y cU ami .Y aX c.Y uk

b
.Y  

F
�

igur� e�  1. T
�

RI
�
Pcode�  represe� n� t

�
ing�  1

�
,160

�
,� 407

�
 

 

2.� 1.�  TRIP t
�
a� rg� e� t

�
 re� c� o� g� nit

�
io� n p� ro� c� e� s� s�  

 
  The TRIP soft

R
wT areO  impleO ments a t

R
aX rgQ eO t

R
 reO cU ognit

R
ioM n 

algorit
R
hm t

R
hat

R
 reO ceO ivW eO s aX s input

R
 raw vW ideoM  framesN  and 

execU ut
R
eO s a seO t oM f image pV rocU esN sN ing stagQ esN  in order to 

deO termineO  theO  identifieO r aX nd
S
 loM cU aX tion oM f the cU entreO  of aX  

TRIPtagQ  in a vW id
S
eoM  fraX meO  where TRIPcoM desN  havW e b

K
eO en 

spV oM tted
S
.Y  BeloM w aX n ovW eO rvW iewT  of t

R
his proM ceO ss is given. FoM r 

moM re d
S
eO taX ils refer to [13].Y  

  FiguP re 2 deO picU ts t
R
he vW id

S
eO oM  filt

R
ering proM ceO ss und

S
eO rt

R
akeO n by 

theO  t
R
aX rgQ et

R
 reO cU ognit

R
ioM n aX lgQ oM rithm.Y  FirstlyZ ,_  the originaX l imaX gQ eO  

is t
R
ransfoM rmeO d into aX  binaX ryZ  imagQ eO  (

^
coM ntainingQ  oM nly b

K
laX cU k 

and white int
R
eO nsN ity vW aX luP eO s)

`
 wT ith incU reO aX sed coM ntraX st levW el,_  

byZ  meaX nsN  oM f aX n adapV tive t
R
hreshoM ld

S
ing pV roM cU eO ss. This sN t

R
aX gQ eO  

maX kesN  TRIP very roM busN t
R
 t

R
oM  vW aX riab

K
leO  l igQ ht

R
ing coM ndit

R
ioM ns 

and sN uitable even for lowT -qL uP alit
R
yZ  CC

]
TV or weO b

K
 caX meO raX s.Y  

SecU ond
S
ly, t

R
heO  pV ixelsN  wT hereO  t

R
heO  intensity vW aX luP eO s und

S
eO rgQ o aX  

shaX rpV  vW ariat
R
ioM n (eO dgQ eO s) aX reO  ideO ntifieO d

S
,_  byZ  apV pV lying theO  

grad
S
ieO nt

R
 opeO raX t

R
oM r.Y  N

�
ext, ed

S
gesN  aX reO  t

R
hinneO d t

R
oM  1-pixeO l wT idth.Y  

Fourthly,_  the cU onnecU ted
S
 chaX insN  oM f ed

S
ge pV oM ints are folloM wT ed

S
 

produP cU ingQ  for eO acU h eO dgeO  t
R
rackeO d a lisN t

R
 of oM rdeO reO d

S
 poM int 

locU at
R
ioM ns. Not

R
eO  thaX t asN  resN uP lt of t

R
he cameO raX ’sN  peO rsN pV ecU tiveO  

effeO ct target
R
sN ’ cU ircU uP laX r b

K
ord

S
ers aX reO  imaged

S
 asN  eO l lipsN eO s.Y  

ThuP s, in t
R
hisN  st

R
aX ge oM nly eO dgQ eO s whoM se sN haX pV eO  is likeO lyZ  t

R
oM  

deO fineO  an ellipV t
R
icU al sN hapV e aX reO  kepV t.Y  In fift

R
h pV laX ce,_  aX n eO llipseO  

fit
R
t
R
ing pV roM ceO duP re isN  aX pplieO d to eaX ch eO d

S
gQ eO  encoM uP nt

R
ereO d,_  

obt
R
aX iningQ  t

R
he eO ll ipsN eO  paX raX meO ters best apV proM ximat

R
ing theO  

ed
S
ge poM ints.  S

\
ixt

R
hlyZ ,_  t

R
he ellipV sesN  foM uP nd aX re t

R
eO sN t

R
eO d for 

coM ncent
R
ricity in oM rd

S
eO r to id

S
eO nt

R
ify cU andidaX te TRIPcU odeO s. 

TheO n,_  a coM de d
S
eO cU ipheO ring sN tagQ eO  is aX ppV l ied

S
 b

K
aX seO d on theO  

out
R
cU omeO s oM f sN t

R
aX gQ eO s 1 and 5

x
.Y  As pV aX rt of this sN t

R
aX geO  theO  coM deO  

obt
R
aX ineO d is vaX l idated

S
 t

R
hroM uP gh an evW en pV arity eO rroM r checU k. 

* 10 2011221210001 

0
�

 2
�

 

1 

s� y� nc�  s� e� c� t
 
o¡ r 

e� v¢ e� n-p£ a¤ rit
 
y�  s� e� c� t

 
o¡ rs�  



 

FinallyZ , t
R
he id

S
entifieO r aX nd

S
 geoM metricU  propert

R
ieO s of the 

ouP t
R
eO rmost ellipV t

R
icU aX l b

K
ord

S
er oM f eaX cU h target

R
 aX reO  returned

S
.Y  

2
¥

.� 2
¥

.�  T
¦

R
§

I
¨
P
©

 t
�
a� r� g� e� t

�
 p� o� s� e�  e� xª t

�
r� a� c� t

�
i

«
o� n¬  

 
  TheO  taX rget

R
 pose extract

R
ioM n algQ oM rithm d

S
eO t

R
eO rmineO s froM m a 

single vW ieO w oM f a TRIPtagQ  t
R
heO  orieO nt

R
aX tioM n of t

R
heO  target

R
 pV laX ne 

and
S
 t

R
he poM sN it

R
ion of itsN  ceO nt

R
re with regard t

R
oM  t

R
heO  vW ieO wing 

caX meO raX . It
R
 takeO s aX sN  inpV ut the geO ometric feO atureO s oM f the 

ellipt
R
ical bord

S
eO rs oM f t

R
heO  sN pV oM t

R
t
R
eO d t

R
aX rgQ et

R
s ret

R
uP rneO d b

K
yZ  the 

target recU ognit
R
ion algQ oM rithm. For eO acU h TRIPcU ode 

ident
R
ified

S
,_  it

R
 eO stab

K
lisN heO s aX  hom, o+ grap$ h

3
y(  oM r t

R
ransfoM rmatioM n 

that
R
 bacU k-proM j

[
eO cU ts the ellipV t

R
icU al outermoM sN t

R
 bord

S
eO r of a 

target,_  aX s seeO n in t
R
heO  imagQ e pV laX ne, int

R
oM  it

R
s act

R
uP aX l circuP laX r 

foM rm, of known raX dius, in the t
R
aX rgQ eO t

R
 pV laX ne.Y  TheO  sN ize oM f a 

taX rget
R
 maX y be encoM d

S
ed

S
 wit

R
hin theO  13

v
 t

R
ernaX ryZ  b

K
its resN eO rved

S
 

foM r ideO ntifier eO ncU oding in aX  TRIPcU oM d
S
eO ,_  or otherwisN eO  paX ssed

S
 

asN  a pV aX raX meO ter toM  t
R
heO  pV arsing pV roM cU esN sN .Y  

  TR
w

I
k
P mak

b
eO sN  the aX ssumi pV tion that theO  cU ami ere a intrinsic 

paraX met
R
eO re s are e k

b
nd ownd . I

k
n ot

R
h
g
eO re  wT ore ds,_  the uP sere  is re equi

c
re ed

S
 

to und d
S
ere tak

b
e t

R
h
g
eO  weO l

a
l
a
-k

b
nowT n caX meO raX  caX l

a
i
c
b
K
re at

R
ioM n [2

s
4]

m
 

proM ceO ssN  oM nce fore  eacU h C
]

C
]

D
q

 cami eO re aX .Y  F
t
ortunaX tel

a
yZ , t

R
here e are e 

sevW eral pV uP bliclyZ  aX vailab
K
leO  softwaX reO  pacU kaX geO s for cU aX mera 

caX libre at
R
i
c
oM n, eO .gQ . [2

s
4].Y   

  Th
g
eO  tare get

R
 poM sN e exj tre aX ct

R
i
c
oM n aX lgQ oM re ithmi  reO ture ns the 

traX nsN l
a
aX tiond  vW ecU tore  (t

R
x, ty­ , tz) a

X nd
S
 roM t

R
aX ti

c
ond  and glesN  (α® ,_  β

¯
,_  γ° ) 

that
R
 d

S
ef

h
ineO  the ri

c
gi

c
d
S
 b

K
odyZ  traX nsN f

h
ore mat

R
i
c
oM n beO tweO en the 

caX meraX  cU ooM re di
c
nd aX t

R
eO  sN yZ sN t

R
eO m and d aX  t

R
aX re get

R
 ceO nt

R
re ed

S
 cU oore dinaX te 

systemi . Th
g
is method

S
 eO xpV l

a
oM its theO  propert

R
yZ ,_  und iqueO  to a 

coM nd ic that is a ci
c
re cleO ,_  thaX t theO  baX ck

b
-pV re oj

[
eO ct

R
eO d cU ure ve’sN  

impl
a
icit eO quP aX t

R
ioM nd  mi uP st h

g
avW eO  eqL uP al

a
 cU oeffi

c
ci

c
eO nt

R
s X2

±
 aX nd

S
 Y

² 2
±
 

and d
S
 noM  t

R
eO rmi  in XY

²
.Y  It

R
 i

c
sN  b

K
asN eO d

S
 oM nd  the 

PO
�

SE_F
t

ROM
³

_CIR
w

C
]

L
u

E
y

 aX lgoM re ithmi  deO scre i
c
beO d in [5

x
].   

  The pV roj
[
eO ct

R
ivW e geoM met

R
ry involveO d in t

R
he algQ oM rit

R
hm is 

sN hoM wn in FigQ uP re 3
v
. The imaX ge eO l lipsN eO  of t

R
heO  ouP t

R
eO rmost 

cU ircU ulaX r border oM f aX  targeO t’sN  buP ll’sN -eyZ eO  deO finesN  a cU oM neO  wT ith 
vW eO rt

R
eO x in t

R
heO  ceO ntreO  oM f proM j

[
ecU tion of theO  pinhole caX meO raX  

(
^
O)

`
. The oM rientat

R
ioM n of t

R
he cU ircU leO ’s plane,_  π´ t

µ ,_  is foM uP nd byZ  
re otati

c
ng the cU amere a sN oM  t

R
h
g
aX t

R
 theO  i

c
nd tere secU t

R
i
c
oM nd  oM f

h
 the cU ond eO  

wT ith theO  image pV land eO  beO comes a cU ircU le,_  wT hich
g
 hapV pens 

wT hen t
R
h
g
e image pl

a
aX ne i

c
sN  paraX l lel

a
 to the t

R
aX rgQ eO t pV land e.Y  T

f
his 

re otat
R
i
c
on i

c
s eO stimaX ted

S
 asN  t

R
h
g
e cU omi pV oM sitioM nd  oM f twT o sucU ceO ssN i

c
vW eO  

re otat
R
i
c
ons.Y  Th

g
eO  f

h
irsN t

R
 pV uts t

R
h
g
e Z

¶
-axis thre ougQ h

g
 the ceO nt

R
re e oM f 

th
g
eO  tare get,_  and al

a
i
c
gQ ns the X

·
 aX nd

S
 Y aX xj eO s wi

c
t
R
h
g
 t

R
heO  aX xj eO s of t

R
h
g
eO  

imi aX ge el
a
li

c
pV se;¸  theO  seO coM nd re ot

R
aX tesN  theO  neO wl

a
yZ  f

h
ouP nd d 

coore dinaX te systemi  are ouP nd d Y’ und ti l the image pV land e,_  π´ i,_  
beO comes pV aX re aX l

a
l
a
eO l t

R
oM  π´ t

µ .Y  T
f

he roM tat
R
i
c
oM nd  of

h
 t

R
heO  t

R
aX rgQ eO t’s 

ouP termosN t
R
 cU ircU leO  around theO  Z-aX xis orthogQ oM nal t

R
oM  it

R
s pV lane,_  

impV oM ssibleO  to reO cU over from t
R
heO  viewT  of aX  circle giveO n its 

syZ mmi eO tryZ , i
c
sN  obt

R
aX ined byZ  uP sN ind g theO  bot

R
t
R
oM m ouP t

R
eO rmi oM st 

corner oM f a TRIP targeO t’sN  sN yZ nchronisat
R
ioM n sN ecU tor (

^
denot

R
eO d 

byZ  a smaX ll circleO  in FigQ uP reO  1).Y  The pV roj
[
eO ct

R
ivW e geoM met

R
ryZ  

invW oM lved
S
 in t

R
hisN  pV rocU ess isN  fully d

S
esN cribed

S
 in [12]

m
.Y  

 

2.� 3
¹
.�  TRIP S

º
e� ns� o� r O

»
p� e� ra� t

�
io� n Mo� d

¼
e� s�  

 
  T

f
R
w

I
k
P’sN  i

c
mi aX geO  pare si

c
ngQ  pV re ocesN sN ,_  despiteO  b

K
eO ing oM pV t

R
i
c
mi i

c
sN eO d to 

reqL uP i
c
re e the leaX st pV oM sN sN i

c
b
K
l
a
eO  pV re ocesN sN i

c
nd gQ  loM ad

S
,_  sN t

R
i
c
l
a
l h

g
aX s 

rel
a
ati

c
vW el

a
y hi

c
gh pre oceO sN sN ing demand d

S
s. N

�
evW eO rth

g
el

a
ess, aX  T

f
RIP

r
 

seO nsor wT ill
a
 b

K
eO  of

h
teO nd  aX nal

a
yZ sind g f

h
raX mi eO s wh

g
eO reO  no TR

w
IP

r
t
R
aX gs 

areO  eO ncU ound t
R
eO reO d, oM re  aX ltere naX ti

c
vW el

a
yZ ,_  f

h
raX meO s wT hereO  t

R
h
g
eO  

approM xj imat
R
eO  locaX tion of

h
 aX  TR

w
IPt

R
aX g in the i

c
mi aX ge cU oM uP l

a
d
S
 b

K
eO  

infeO re reO d based
S
 oM nd  it

R
sN  l

a
oM cU ati

c
oM nd  i

c
nd  pV re evious fre ami esN .Y  

Th
g
eO reO f

h
oreO , i

c
t
R
 i

c
s coM nvend ieO nd t

R
 to pre oM vide t

R
h
g
eO  TR

w
I
k
P
r

 sN eO nsore  wT ith 
someO  ind t

R
eO lligend cU eO  b

K
oth t

R
oM  di

c
stinguP i

c
sh

g
 the woM rthineO ss oM f

h
 

S
½

t¾ a¿ gÀ eÁ  0
Â

:Ã  G
Ä

rÅ a¿ b
Æ

 F
Ç

rÅ a¿ mÈ eÁ  S
½

t¾ a¿ gÀ eÁ  1
É

:Ã  B
Ê

i
Ë
nÌ a¿ rÅ i

Ë
zÍ a¿ t¾ i

Ë
oÎ nÌ  S

½
t¾ a¿ gÀ eÁ  2

Ï
:Ã  E

Ð
d

Ñ
gÀ eÁ  D

Ò
eÁ t¾ eÁ cÓ t¾ i

Ë
oÎ nÌ  

S
½

t¾ a¿ gÀ eÁ  3
Ô

:Ã  Ed
Ñ

gÀ eÁ  Th
Õ

i
Ë
nÌ nÌ i

Ë
nÌ gÀ  S

½
t¾ a¿ gÀ eÁ  4:Ã  Ed

Ñ
gÀ eÁ  FoÎ l

Ö
l

Ö
oÎ w× i

Ë
nÌ gÀ  &

Ø
 Fi

Ë
l

Ö
t¾ eÁ ri

Ë
nÌ gÀ  S

½
t¾ a¿ gÀ eÁ  5

Ù
-7

Ú
:Ã  Ta¿ rgÀ eÁ t¾  ReÁ cÓ oÎ gÀ nÌ i

Ë
t¾ iË oÎ nÌ  

Fig� uÛ re�  2. TRIPcÜ oÝ d
Þ

e�  RecÜ oÝ g� nitioÝ n Algorit
�
hm 

 



 

analysN ingQ  aX n imagQ e,_  and if the aX naX lysis pV roM cU eeO d
S
sN ,_  to 

deteO rmine wT het
R
heO r t

R
heO  fuP ll-imagQ e paX rsN ingQ  sN hoM uP ld t

R
aX ke 

placU e oM r t
R
hisN  proM ceO ss sN hoM uld j

[
uP sN t

R
 be apV plieO d

S
 toM  a smaX lleO r 

sub-wT ind
S
oM wT  in t

R
heO  imaX geO . The aim is to gQ ivW eO  t

R
o TRIP 

maximum reO sponsN ivW eO nesN s b
K
uP t

R
 still gQ uP aX raX nt

R
eO eingQ  the 

minimum cU onsN uP mpV t
R
ioM n oM f pV rocesN sN ingQ  loM aX d

S
.Y  ThisN  is the 

reO asN oM n wT hyZ  TRIP pV resN eO nt
R
s an adapV tivW eO  behavW ioM uP r during 

itsN  operaX tioM n. TheO  sensN oM r t
R
ransN it

R
sN  t

R
hrougQ h 3 different 

operaX ting mi odesN ,_  nami ed
S
 def

1
ault, savi

"
n/ g aX nd rea& l

7
-tim, e 

modeO s, d
S
eO peO ndingQ  oM n t

R
heO  chaX raX cU teristicU s of t

R
heO  scU eO ne 

viewT ed. FigQ uP reO  4 sN howsN  aX  sN t
R
aX te diagQ ram wit

R
h TRIP’s 

operaX tioM n moM d
S
eO sN  aX nd t

R
heO  cU ond

S
it

R
ionsN  uP pV on whicU h t

R
heO  sN eO nsor 

swit
R
chesN  from oneO  b

K
ehaX viouP r moM de to anoM ther.  

 
F
�

ig� ure 4.ß  T
�

R
à

IP sá e� nsá or� ’sá  ope� r� aâ ti
ã
n� g�  mod

Þ
e� sá  di

ã
agram 

 
  Th

g
eO  T

f
RI

k
P
r
 de f

1
aul

7
t! -mo+ d

*
e of opeO raX tiond  is act

R
i
c
vW aX t

R
eO d oM nd  

send sore  sN taX re t-upV  aX nd
S
 eO veryZ  time aX  timeoM ut set

R
 t

R
o guaX raX nd t

R
eO e 

fuP l l-image analyZ sN isN  eO xpiresN .Y  ThisN  timeoM ut, sN pV eO cU ifieO d asN  a 
paraX met

R
eO r in theO  sN yZ sN t

R
eO m boM oM t

R
straX p, limit

R
sN  theO  t

R
imeO  the 

sensor speO nd
S
sN  in eO itheO r the savW ing oM r reaX l-t

R
ime modeO s, 

wT heO reO  a fuP ll-image aX naX lyZ sisN  maX yZ  noM t have taX keO n pV lacU e.Y  
This isN  neO ceO sN sN aX ry to enforceO  aX  gQ oM od reO spoM nsivenesN s oM f t

R
heO  

sN yZ sN t
R
eO m to sceO neO  chaX ngQ esN .Y  

  T
f

he TR
w

IP
r
 sa& v' in/ g2 -m, ode  of

h
 opeO raX t

R
i
c
oM nd  is t

R
ri

c
ggere ed byZ  t

R
h
g
eO  

d
S
eO fauP lt

R
-moM d

S
eO  wheO neO veO r thereO  aX reO  no TRIPcU od

S
eO  sN ightingQ sN  in 

aX  givW eO n nuP mbeO r oM f fraX mes speO cified
S
 at

R
 t

R
he sN yZ sN t

R
em sN t

R
aX rt-upV .Y  

The dist
R
incU tivW eO  feO aX ture oM f this moM de is t

R
haX t it

R
 introM d

S
uceO sN  aX  

Tri
"
g2 gering An/ aly( s% is%  stagQ eO  b

K
eO foM reO  the sN tand

S
ard TRIP 

pV aX rsing pV roM cU edure e toM  an i
c
mi aX geO  is uP ndeO rt

R
aX keO n.Y  Thi

c
sN  sN tagQ eO  

d
S
eO teO rminesN  whet

R
heO r sN igQ nificU ant cU haX ngeO s in t

R
heO  sceO neO  havW eO  

oM cU curre ed t
R
h
g
at

R
 maX ke wT ort

R
h
g
y aX  f

h
ul

a
l
a
 image and al

a
yZ sN i

c
sN . EveO ryZ  

gQ ivW eO n timeO  sN lot t
R
he trigQ geringQ  moM d

S
ule analyZ sN eO sN  a lowT -

resN oM lution versioM n of a neO wlyZ  cU aptured
S
 imagQ e (

^
i.e.Y  oneO  

eO vere yZ  3 pV i
c
xj el

a
sN  i

c
nd  bot

R
h
g
 h

g
ori

c
zä ond tal

a
 aX nd

S
 vW ere ticaX l di

c
re ecU tiond sN ) 

aX nd cU omi pV aX re esN  eO acU h
g
 pV ixel

a
 wT ith a pV reO viouP sN ly cU alcuP l

a
at

R
eO d 

RunningQ  V
å

ideO o AvW eO ragQ eO  (RV
å

A) fraX meO  of t
R
he b

K
aX ckgroM und

S
.Y  

An RVA [22] is a meO thoM d
S
 t

R
oM  cU oM nstruP cU t

R
 an eO vW oM lvW ing 

b
K
aX ckgroM und

S
 f

h
rame,_  inseO nsi

c
b
K
l
a
eO  to smal

a
l
a
 vW aX ri

c
aX t

R
ioM nd s i

c
nd  d

S
aX yZ  

i lluP minat
R
ioM n, usingQ  t

R
he aX veraX ge pV ixel vW aX luP eO sN  oM f the N

�
 

pV re eceO dind gQ  i
c
mi aX gQ eO s. T

f
he triggQ eO ri

c
nd g stagQ e d

S
eO t

R
eO rmi i

c
nd esN  t

R
h
g
eO  

peO rceO ntage P
r
 oM f pi

c
xj eO ls thaX t h

g
avW e chand ged

S
 by mi oM reO  t

R
hand  aX  

cere tai
c
nd  th

g
re esN hol

a
d
S
.Y  I

k
f t

R
hat

R
 percend taX gQ eO  i

c
sN  high aX  f

h
ull

a
-i

c
mi agQ eO  

analysN is is trigQ gered
S
, oM therwise t

R
heO  TRIP sN eO nsN oM r isN  sN eO t to 

sleO epV . 
  The TRIP rea& l-ti

"
m, e -mo+ d

*
e of oM pV erat

R
ion is t

R
riggeO reO d from 

any of
h
 the oM theO r t

R
wT o moM d

S
esN  eO veO ryZ  t

R
i
c
mi eO  TR

w
I
k
P
r

cU oM d
S
eO sN  aX reO  

spV oM tted
S
 wit

R
h
g
in aX nd  imagQ eO .Y  T

f
h
g
is mi eO t

R
hoM d eO xpl

a
oM i

c
t
R
sN  th

g
eO  sN pV at

R
i
c
aX l 

loM cU alit
R
y oM f T

f
R
w

I
k
PtagQ  imi agQ eO sN  i

c
nd  sN uP ccU eO ssive videO o fre ami eO sN .Y  

OnceO  aX  targeO t haX s b
K
eO end  ideO nt

R
i
c
f
h
ied

S
 wi

c
t
R
h
g
i
c
nd  and  imagQ e,_  

suP b
K
seqL uent fraX meO s aX reO  onlyZ  expV loreO d wit

R
hin aX  sN mall pixeO l 

windoM wT  cU oM ntaining the areO a oM n t
R
heO  pV reO viouP s imaX geO  wT hereO  aX  

taX rgeO t wT asN  re eO coM gniseO d.Y  NeO vW eO rt
R
h
g
el

a
eO ss,_  i

c
n oM rd

S
eO re  to gQ uP are and teeO  

theO  raX pi
c
d
S
ly i

c
d
S
end tifi

c
cU at

R
i
c
oM n of

h
 nd ewT ly apV peaX re ind g TR

w
IP

r
cU od

S
eO sN ,_  

theO  fuP ll imaX ge proM ceO ssingQ  is st
R
il l cU arrieO d oM ut freqL uently,_  by 

deO faX uP l
a
t
R
 und l

a
eO sN sN  ot

R
h
g
ere wi

c
sN eO  sN pecU i

c
f
h
ied

S
 oM nd ceO  evW eO re y 5 fre amesN .  

 

Y 

X 

Z 

O 

Y’  

X’  

Z’  

π´ t
µ   

I
k
MA

z
GE

y
 P

r
LA

z
NE

y
 TARGET PLAN

�
E 

π´ i
æ   

Fig� ure 3
ç

. POSE_FRO
è

M_CIRCLE g� eoÝ metryé  

T
ê

R
ë

I
ì
P

í
 P

í
rî oï cð eñ sò sò i

ó
nô gõ

S
ö

A
÷

V
ø

I
ì
N

ù
G

ú
-M

û
O

ü
D

ý
E

þT
ê

R
ë

I
ì
P

í
 P

í
rî oï cð eñ sò sò i

ó
nô gõ

D
ý

E
þ

F
ÿ

A
÷

U
�

L
�

T
ê

-M
û

O
ü

D
ý

E
þ

T
ê

R
ë

I
ì
P

í
 P

í
rî oï cð eñ sò sò i

ó
nô gõ

REAL-TIME-MO
ü

DE

NO
TRIPcode
sight

�
ings

TRIPcode
sightings

TRIPcode
sight

�
ings

TRIPcode sight
�
ings

in last Z frames

SAVING-MODE
timeout

�
 Y expired

TRIPcode sightings in
last  X frames

X frames w� it
�
hout

�
TRIPcode sight

�
ings

Z frames wit
�
hout

�
TRIPcode sightings



 

2.� 4.�  TRIP p� e� rfo� rma� nc� e�  a� nd
¼

 a� c� c� u� ra� c� y�  
 
  T

f
h
g
eO  cU urre end t C+� +�  i

c
mi pV l

a
eO mentat

R
i
c
oM nd  oM f

h
 the T

f
RI

k
P
r
 TargeO t 

RecU ognd i
c
t
R
i
c
ond  aX lgoM re it

R
h
g
mi  proM ceO ssesN  15 64

�
0
l
xj 480 pV i

c
xeO ls 

fre ami esN  pere  sN eO cU ond
S
 on aX nd  800 MHzä  PeO ntium I

k
II

k
. Whend  the 

tare get re ecU oM gQ nd iti
c
oM nd  aX nd d

S
 pV oM se eO stimati

c
oM nd  aX re sN i

c
muP l

a
t
R
aneoM uP sly 

und
S
eO rt

R
aX kend , t

R
heO  pV eO re foM re manceO  acU hieved

S
 oM nd  the sN aX me 

macU h
g
i
c
nd eO  i

c
s aX bout

R
 12

s
H
�

z.Y  N
�

eaX re  reO al
a
-time vW ideoM  proM cU essind g is 

acU hi
c
eved

S
 t

R
hre oM ugh th

g
e ad

S
aX pV t

R
i
c
vW eO  b

K
eh

g
aX viouP re  oM f

h
 t

R
h
g
eO  T

f
R
w

I
k
P 

send sN oM r’ s oM pV ere at
R
i
c
oM nd .Y   

  TRIPt
R
aX gQ sN  aX re recU ogQ nised

S
 asN  loM ng aX s theO  slant beO tweO en the 

normal t
R
oM  t

R
he targeO t pV lane and theO  traX nslaX tion veO ct

R
oM r is lesN sN  

than 7
{
0º and t

R
he target

R
 image occuP piesN  an aX reO a of aX t leO asN t 

20x20 pixels. Target
R
sN  sN pV ott

R
ed in aX  frameO  of 6

o
40x48

|
0
l
 pV ixelsN  

reO soluP tioM n aX re identifieO d
S
 asN  long as t

R
heO yZ  aX reO  wT ithin 3 met

R
eO rsN  

dist
R
aX nce.Y  TheO  pV ose ext

R
racU t

R
ioM n met

R
hod ret

R
uP rnsN  the 3

v
-D 

locat
R
ioM n oM f t

R
heO  cU eO nt

R
re of a TRIP t

R
aX rgQ eO t

R
 wT ith regard t

R
oM  a 

viewT ingQ  cameO ra wit
R
h aX n avW eO ragQ eO  erroM r of leO ss than 3

v
%.Y  The 

likelihood
S
 oM f findingQ  falsN e pV oM sitives isN  negQ ligQ ib

K
le t

R
haX nksN  t

R
oM  

the eO rror pV aX rity cU heO ck usN eO d
S
 in theO  TRIPcoM deO  eO ncU od

S
ing.  

 

3
	

.A  TRIP: a}  d
G

is� t
D
rib

�
uH t

D
e� d

G
 loF cI a} t

D
ioF n s� e� ns� oF r 

 
  An eO vent-b

K
aX sN eO d d

S
istrib

K
uP ted

S
 architecU t

R
ure hasN  been d

S
evW isN ed

S
 

around TRIP in oM rdeO r to eO xpV oM rt
R
 the sN eO nsN oM r d

S
at

R
aX  proM vided b

K
y 

this t
R
eO chnoM loM gy to interesN teO d

S
 aX pV pV licaX tionsN . The 

fuP nct
R
ioM nalit

R
yZ  oM f theO  TRIP system, i.Y e.Y  its targeO t reO coM gnitioM n 

and
S
 posN eO  extraX ct

R
ioM n, hasN  b

K
eeO n eO ncapV sN ulat

R
eO d

S
 wT ithin a 

CORBA [19
�
] cU ompV oM nent named

S
 TRIPa& rser.Y  ThisN  

coM mi pond eO nd t
R
 of

h
feO rsN  aX  UN

�
IX

·
 pi pe-l

a
i
c
k
b
eO  int

R
eO rf

h
acU eO  t

R
h
g
at

R
 enab

K
lesN  

apV pV licaX t
R
i
c
ond s t

R
oM  cU ond nd ecU t distri

c
b
K
uted F

?
rame Sou- r. c) e 

coM mi pond eO nd t
R
sN ,_  sN uP ppl

a
yZ ingQ  i

c
magQ eO sN  f

h
roM m caX meO raX s sN pV re eO ad

S
 

throM ughoM ut th
g
eO  eO nvW i

c
re onmi eO nt

R
,_  to T

f
RI

k
Pare sN eO rsN .Y  A T

f
RIP

r
aX rsN eO r 

mayZ  pul
a
l
a
 i

c
magQ eO sN  fre om oM ne ore  mi oM re e FraX meO  SouP re ceO sN .Y  E

y
vW eO re y 

fre ami eO  puP l
a
l
a
eO d is tagQ ged

S
 wT ith a uP niquP eO  caX mi eO raX  idend tifi

c
eO re . 

TRIP
r
 proM ceO ssN i

c
nd g reO sul

a
t
R
sN  aX reO , b

K
y d

S
ef

h
auP lt, aX synchroM nouP sN ly 

coM mi muni
c
cU ated

S
 in eO vent-f

h
orm to aX  C

]
O
�

RB
n

A
z

 N
�

ot
R
i
c
f
h
icaX tiond  

SeO rvW iceO ’s ChanneO l [18] aX sN sN oM ci
c
aX ted

S
 wi

c
t
R
h
g
 eO aX ch

g
 T

f
RIP

r
aX rsN eO r. 

Thi
c
sN  i

c
nt

R
eO rl

a
eO aX ved

S
 eO veO nt coM mmund i

c
cU ation coM mpond end t

R
 

decU oM uP plesN  aX nd aX lyZ seO rsN ’ fre ame pre ocesN sN ing and d reO sul
a
t
R
 reO pV oM rt

R
ind gQ  

dut
R
i
c
eO s. Th

g
us, T

f
R
w

I
k
P cU and  cU ond cU entraX teO  oM nd  t

R
h
g
eO  CP

r
U
�

 i
c
nd tend sive 

imi agQ eO  pV are singQ  proM ceO ss wT heO reO as th
g
eO  N

�
otifi

c
cU aX tion Ch

g
and nel

a
 

coM mi pond eO nt
R
 d

S
eaX lsN  wT ith sN uP ppl

a
i
c
eO r aX nd d

S
 coM nsumi eO re  reO gisN t

R
re at

R
i
c
oM n, 

t
R
i
c
mel

a
yZ  aX nd reO l

a
i
c
aX bl

a
e eO vW eO nt deO livery to reO gist

R
eO reO d consuP mi ere s, 

aX nd d
S
 t

R
h
g
eO  hand dlind gQ  of

h
 eO rre ore s aX ssoM cU iateO d

S
 wi

c
t
R
h
g
 und re espond sN ive 

cU oM nd sumi eO rsN .Y  
  A

z
 T

f
R
w

I
k
Pare ser gQ eO neO raX t

R
eO s TR

=
I

>
P



ev' e nts,_  reO pre esN eO nt
R
eO d i

c
nd  

pV seuP doM -C++�  coM de i
c
nd  Figure e 5, t

R
h
g
aX t aX re e mappeO d ind to t

R
he 

S
#
t! r. u- ct! u- re d

*
 E

�
v' e nt mesN sagQ eO  typeO  sN uppV oM rt

R
eO d by the C

]
O
�

RBA 
N
�

ot
R
i
c
f
h
icaX t

R
i
c
ond  S

\
eO rvW icU eO  [18].Y  St

R
re ucU ture ed

S
 E

y
vend ts defi

c
nd eO  a 

st
R
aX nd

S
aX re d

S
 foM re maX t foM r mi eO ssaX gesN  coM nd veyeO d

S
 t

R
oM  aX  NoM tifi

c
cU at

R
i
c
oM n 

ChaX nnd eO l
a
. Ind  the bod

S
yZ  oM f t

R
h
g
is mesN sagQ eO  t

R
h
g
eO  cU ont

R
eO nt

R
sN  oM f aX n 

event aX reO  maX pV pV eO d
S
 int

R
oM  a set

R
 of naX meO -vaX lueO  paX irsN  to wT hicU h 

filt
R
ere ing opeO raX tiond sN  cand  b

K
eO  apV pV l ied

S
. PaX re tiesN  int

R
eO reO sN t

R
eO d i

c
n aX  

gi
c
vW eO n TR

w
I
k
Pare ser’sN  re awT  locU at

R
i
c
oM n data sN uP bscri

c
b
K
eO  to its 

chand neO l pasN sing a sN eO t
R
 of

h
 cU ond sN traX intsN  ovW eO r t

R
h
g
oM se nd aX mi eO -vW aX l

a
uP eO  

paX irsN  oM f an eO vent, eO xpresN sN eO d
S
 in theO  Extended Trader 

Cond sN traint LaX ngQ uP agQ eO  [16].Y  Th
g
eO  N

�
oM tifi

c
cU at

R
ion ChaX nnd eO l 

peO rforms evW eO nt
R
 fi lteringQ  and coM mmunicU aX tion oM n b

K
eO haX lf oM f 

it
R
s reO pre esN eO nd t

R
i
c
nd g T

f
R
w

I
k
Pare seO r. Hi

c
eO raX rcU h

g
i
c
cU al i

c
nd t

R
eO re coM nd nect

R
i
c
oM ns 

of
h
 T

f
RIP

r
 P

r
aX rsN ere s’ N

�
ot

R
i
c
f
h
icaX tiond  C

]
h
g
aX nnd eO l

a
sN  cU and  b

K
eO  cre eaX t

R
eO d in 

ore der t
R
oM  end sN ureO  t

R
h
g
eO  eO ff

h
ici

c
eO nd t

R
 aX nd

S
 sN caX lab

K
le d

S
issemi ination oM f

h
 

TR
w

I
k
P geO neraX ted

S
 sN eO nsN oM rial d

S
aX t

R
a. For exami pV le al

a
l
a
 t

R
heO  

NoM tificU at
R
ion ChanneO ls coM rresN pV ond

S
ing t

R
o TRIPaX rsN eO rsN  in aX  

roM om cU oM uP ld b
K
eO  f

h
ed

S
ere at

R
eO d

S
,_  i

c
nd  oM rd

S
eO re  to mi aX k

b
eO  avai

c
l
a
aX bl

a
eO  theO  

wh
g
ere eaX b

K
oM uts of TR

w
I
k
PtagQ  weO aX reO rsN  wT ithin a re oomi .Y  

 
 s t r uct  TRIPsighting {  
  s t r i ng TRI Pcode;  / /  code t er nar y r epr esent at i on  
  par amsEl l i pse par ams;  / /  bul l ’ s- eye’ s out er  el l i pse  
                        / /  par ams ( x, y, a, b,  θ

�
)  i n i mage    

  doubl e d2Tar get ;  
  t ar get Posi t i on posi t i on;   / /  ( xpos,  ypos,  zpos)  vect or   
                        / /  f r om camer a t o t ar get  or i gi n  
 � � � � 
 � � � � � 
 � 
 � � � � � � � � 
 � 
 � � � � � � � � � �

 
 } ;  
 

 s t r uct  TRIPevent {  
  unsi gned l ong camer aI D;  
  Ti meSt amp t i me;   / /  secs and usecs s i nce 1/ 1/ 70 
  TRI Psi ght i ngLi s t  s i ght i ngLi st ;  
 } ;  

Figur� e�  5. T
�

RI
�
P
�

eve� n� t
�
 cont

�
en� tsá  

  
 A TRIPaX rser alsN oM  pV roM vW id

S
esN  a sN yZ nchronousN  invW oM cU aX tion 

interfaX ce (
^
par seFr ame)

`
 byZ  wT hicU h t

R
he TRIParsN eO r pullsN  a 

fraX meO  from the sN ourceO  passed
S
 aX s a pV arameO t

R
eO r aX nd reO t

R
uP rnsN  

t
R
h
g
e l

a
oM caX ti

c
ond  dataX  i

c
nd feO rre ed

S
 fre om i

c
t
R
.Y  Hend cU eO , aX pV pV l icaX tiond sN  caX n 

interacU t wT ith a TRIParsN eO r in eO itheO r aX  sN yZ nchronousN  oM r 
aX syZ ncU hronoM uP s form.  
 

3
¹

.� 1.�  T
¦

h
�

e�  T
¦

R
§

I
¨
P

©
 D

�
i

«
r� e� c� t

�
o� r� y�  S

º
e� r� v� i

«
c� e�  

 
  A T

f
RIP

r
 D

q
ireO ct

R
oryZ  Sere vere  (T

f
DS) haX s beeO nd  creO at

R
eO d

S
 wi

c
t
R
h
g
 t

R
h
g
e 

pV uP rpV ose oM f
h
 reO gul

a
aX tingQ  theO  T

f
RIPcode gQ re antingQ  pre ocesN sN  aX nd 

eO st
R
aX blish

g
i
c
nd g mi aX ppV i

c
nd gs b

K
et

R
wT eeO n reO al

a
-woM rl

a
d
S
 ob

K
j

[
eO ctsN  aX nd 

T
f

RIP
r

codeO s. T
f

hi
c
s cU ompV oM nend t guaX raX nt

R
eO esN  t

R
h
g
e eO ff

h
ici

c
eO nt

R
 

uP t
R
ili

c
sat

R
i
c
oM nd  oM f

h
 TR

w
I
k
PcoM d

S
esN ’ ad

S
d
S
reO ssN i

c
nd gQ  spaX ceO  aX nd d

S
 their 

cU lassifi
c
cU ation i

c
nd t

R
o cat

R
eO gore iesN  wi

c
t
R
h
g
 aX  commi oM nd  tere naX ryZ  

pV re eO fi
c
xj ,_  uP sed

S
 byZ  cU oM nd sumi eO rsN  in eO vent f

h
iltere  re egQ i

c
sN t

R
re ation.Y  Th

g
e 

T
f

DS
\

 of
h
f
h
ersN  C

]
OR

w
B
n

A
z

 i
c
nd t

R
eO rf

h
aceO s foM r theO  cre eaX tioM nd ,_  

mi oM difi
c
cU ation,_  d

S
el

a
eO tiond  and re etri

c
eO val

a
 of

h
 boM th

g
 TR

w
I
k
PcoM desN  and 

t
R
h
g
ei

c
re  cat

R
eO gore iesN .Y  O

�
n cU aX tegQ oM ryZ  cU reO aX tion,_  aX  d

S
aX ta sch

g
emi a 

d
S
eO f

h
iningQ  t

R
h
g
e sN eO t of

h
 name-valuP e t

R
yZ pV e pV aX i

c
re s asN sN oci

c
aX t

R
eO d to 

T
f

RIPcodes b
K
el

a
oM ngingQ  toM  thaX t cU aX tegQ oM ryZ  is sN peci

c
f
h
ied

S
.  



 

  TheO  TDS aX lso proM videO s a noM t
R
ificaX t

R
ioM n meO chanism suit

R
aX ble 

foM r aX ppV l icaX tionsN  thaX t oM nly waX nt
R
 to qL ueryZ  t

R
his compV oM nent 

duP ring t
R
heir boM oM tstraX p sN t

R
aX geO  and still b

K
eO  awaX reO  of 

mod
S
ificat

R
ioM ns t

R
oM  t

R
heO ir TRIPcoM d

S
e’sN  caX teO goriesN  of int

R
eO reO st

R
.Y  

TRIPcU od
S
e cU reaX tion,_  moM dificU ation aX nd

S
 deO let

R
ioM n events are 

coM nveO yed
S
 t

R
oM  t

R
heO  TDS’sN  aX ssocU iated

S
 cU haX nneO l. FiguP re 6

o
 sN howsN  

a sN napV shoM t
R
 oM f theO  TDS

\
’sN  G

 
UI front

R
-eO nd

S
. This apV plicaX t

R
ioM n 

enab
K
leO sN  theO  uP sN er t

R
oM  eaX sN i lyZ  input

R
 TRIPcU od

S
eO  aX ssN oM ciaX ted

S
 d

S
aX ta 

and d t
R
o pV ri

c
nd t

R
 oM uP t t

R
h
g
eO i

c
re  re esN pV ecU ti

c
vW eO  T

f
RIP

r
t
R
ags.  

 

4.A  The�  S
!

e� nt
D
ie� nt

D
 InfoF rma} t

D
ioF n Fra} me� w" oF rk 

 
  Th

g
eO  S

#
en/ t! i

"
e nt I

>
nf

1
or. ma& ti

"
o+ n F

?
r. a& me work (S

\
I
k
F)

`
 d

S
ef

h
inesN  an 

apV pV li
c
cU aX ti

c
oM nd  coM nd struP cU tion mi oM d

S
eO l

a
 t

R
o sN t

R
reO aX mline sN eO nt

R
i
c
ent 

systemi sN  devW eO l
a
opV mi eO nt

R
. SI

k
F isN olat

R
es coM nd teO xj t

R
 cU apV t

R
uP reO  and d 

ab
K
sN t

R
re acU t

R
ion f

h
roM m its usN eO  byZ  aX pV pV l

a
i
c
cU at

R
i
c
oM nd s and d, aX t

R
 t

R
h
g
eO  sN aX me 

ti
c
mi e,_  i

c
t
R
 pV re ovW i

c
d
S
eO s eO ff

h
ici

c
eO nt mi eO chand i

c
sN mi sN  foM re  cU ont

R
ext 

coM mi municat
R
ion.Y  It

R
sN  mi ai

c
nd  f

h
und cU tioM n is to traX nsfoM re mi  cU ont

R
ext 

ind foM re mati
c
oM n into the f

h
ormi at

R
 d

S
eO maX nded

S
 by aX pplicaX tions, 

raX there  t
R
haX n enfoM re cind g themi  to deO al

a
 wT ith the l

a
oM wT -l

a
eO veO l 

ind tri
c
caX cU iesN  oM f

h
 send sN oM re  acU cesN sN  aX nd dat

R
aX  intere preO t

R
atioM nd . SIF

t
-

end aX b
K
l
a
eO d applicaX tions simpV l

a
yZ  sN uP b

K
scre ibe foM re  the high-l

a
eO veO l 

coM nd teO xt
R
uP aX l evW eO nd t

R
 nd oM t

R
i
c
f
h
icaX tioM ns that

R
 cU an direO ctl

a
yZ  d

S
re ive t

R
h
g
ei

c
r 

operaX tioM n. F
t

or eO xample,_  a “dooM re  aX cceO ss cU oM nd t
R
re ol sN yZ stemi ” , 

coM nd vend t
R
i
c
oM nd aX l

a
ly, woM uP ld

S
 havW e t

R
oM  i

c
nd t

R
eO racU t direO ct

R
l
a
yZ  wT i

c
th the 

undeO rl
a
yi

c
nd gQ  i

c
deO ntifi

c
cat

R
i
c
ond  t

R
ecU h

g
nd oM logy, eO .gQ . TR

w
I
k
P,_  and d

S
 

ind tere preO t t
R
h
g
eO  send t

R
i
c
eO nt dat

R
aX  pV rovW i

c
d
S
eO d,_  t

R
oM  deteO re mi ine wh

g
eO nd  and  

auP t
R
h
g
oM re ised uP sN eO r pre esN eO nce is d

S
eO tecU t

R
ed. Und dere  S

\
IF

t
,_  h

g
oM wT evere , 

th
g
is applicaX tion wT oM uP l

a
d
S
 simply re egisteO re  f

h
or and  “aX uP t

R
h
g
oM re ised

S
 

pere son pV re esN eO nd cU e”  eO vent,_  sN i
c
ncU e S

\
IF

t
 uP nd d

S
eO re tak

b
eO s the sN eO nt

R
iend t 

dat
R
aX  mi and i

c
pV uP l

a
aX t

R
ion and d i

c
nd t

R
eO rpV re etaX tion on it

R
sN  beO half

h
.  

  TheO  architect
R
uP re oM f SIF (sN eO e FiguP re 7

{
) coM nsisN t

R
sN  oM f a gQ roupV  

of cU o-operaX tingQ  d
S
isN t

R
rib

K
uP t

R
ed

S
 sN oM ft

R
wT are cU ompV oM nents thaX t uP se 

evW eO nt
R
sN  asN  a uP nifoM rm wT ayZ  oM f infoM rmingQ  eaX ch ot

R
heO r of 

coM ntext
R
 cU haX ngeO s. SIF deO fineO sN  threO eO  maX in coM mponent

R
 

abs% t
!
ra& ct

!
i
"
o+ n/ s upV oM n which the desN ign of sN ent

R
ient

R
 

apV pV licaX t
R
ionsN  maX yZ  b

K
e b

K
aX seO d:�  

1. C
#

o+ n/ te x0 t C
#

h
3
a& nnel

7
 (

^
CC

]
)
`
 obj

[
ecU ts intere leaX ve i

c
nd  beO tweO end  

oM t
R
her S

\
IF componeO nt

R
s toM  d

S
eO couple t

R
heO ir operatioM n froM m 

eO veO nt f
h
iltere ind g aX nd cU oM mi mi uP nicaX tion d

S
uP tieO s. Th

g
re ouP gQ h

g
 

t
R
heO m,_  muP lt

R
iple suppliers can cU oM mmuP nicaX te t

R
ransN parentlyZ  

aX nd
S
 asN yZ nchronoM uP sN lyZ  wit

R
h multipV leO  cU onsN uP meO rs wit

R
hoM uP t 

t
R
heO  coM mponeO nts knowingQ  about eO aX ch ot

R
heO r.Y  PhyZ sN icU allyZ  

impl
a
eO mend teO d asN  OM

³
G
 

 N
�

otifi
c
cU at

R
i
c
oM nd  Chand nd el

a
sN ,_  t

R
h
g
eO y aX reO  

shaX reO d b
K
y cU o-opere ati

c
nd gQ  cU ompV oM nd eO nt

R
sN  that

R
 ei

c
t
R
h
g
eO r genere at

R
eO  

ore  coM nd sume evW eO nd t
R
sN  oM f

h
 the sami eO  typV eO . UpoM nd  eO vW eO nt are ri

c
vW aX l

a
 

they uP ndere tak
b
e evW end t

R
 fi

c
l
a
t
R
eri

c
nd gQ  and t

R
re and smit

R
 to 

consumi eO rsN  oM nd l
a
yZ  th

g
ose eO veO nts foM re  wh

g
icU h

g
 t

R
h
g
eO y re egQ i

c
sN t

R
eO reO d 

interest.Y   

2.Y  Cont! e x0 t!  G
$

ener. a& t! o+ rs (C
]

G
 

) end caX psul
a
ateO  aX  sind gQ leO  cU oM nd t

R
eO xt

R
 

souP rceO  or aX  set
R
 oM f reO lat

R
eO d oM neO s and t

R
heO  soft

R
wT are t

R
haX t 

acqL uP iresN  raX w coM nteO xt
R
 informat

R
ion from theO m. EveO ryZ  CG

 
 

communicU at
R
eO s the sN eO nt

R
ient d

S
at

R
aX  caX pt

R
ured

S
 t

R
oM  its 

associaX ted
S
 C

]
C
]

s. C
]

G
 

s mayZ  b
K
eO  basN eO d

S
 in pV hysicaX l sN eO nsN oM rs 

sucU h aX sN  TRIP,_  G
 

PS,_  or a sN impV leO  micU roM phoneO . TheO y caX n 
alsN oM  reO presN eO nt aX  softwT areO  obj

[
ect

R
,_  sucU h as the TRIP 

DirecU t
R
oryZ  Server, that

R
 cU ommuP nicU aX tesN  noM tificaX tions aX bout 

changQ esN  in it
R
sN  stat

R
eO .  

3.Y  Contex0 t!  A
%

bstracto+ r. s%  (C
]

A
z

) acU hievW e t
R
h
g
eO  sN eO pV aX raX tion oM f

h
 

conceO rns b
K
eO tweO en coM ntext

R
 sensN ingQ  and

S
 applicaX tion 

semant
R
icU s. They consumeO  raX w sN eO nt

R
ient dat

R
aX  provided

S
 by 

CGsN  (
^
e.Y gQ .Y  TRIPcU odeO  1234 spoM t

R
t
R
ed),_  interpreO t

R
 its cU oM nt

R
eO nts 

(eO .g. uP ser DieO goM  sN pV oM tteO d
S
)
`
 and auP gment it

R
 (eO .gQ .Y  DieO gQ oM ’ s 

login isN  d
S
ipV inaX ),_  pV roduP cU ing eO nhanceO d

S
 cU ont

R
eO xtual eO veO nts 

that
R
 direcU tly d

S
rive aX pplicaX tionsN .Y  S

\
omeO timesN  they aX lso 

und
S
eO rt

R
aX ke eO vent aX ggreO gQ aX tion, i.e.Y  aX  sN eO t

R
 oM f at

R
oM micU  eO veO nts 

coM ming from oM t
R
heO r C

]
As or C

]
G
 

s is summaX risN eO d b
K
yZ  aX  

single neO w eO vent.Y   

 
FiguÛ re�  7. The�  Sentient Framework Archit

�
ectuÛ re�  

C
&

o' n( t
)
e* x+ t

)
 G

,
e* n( e* r- a. t

)
o' r-  1 C

&
o' n( t

)
e* x+ t

)
 G

,
e* n( e* r- a. t

)
o' r-  3

/
 

C
&

o' n( t
)
e* x+ t

)
 C

&
h

0
a. n( n( e* l

1
 A

2
 C

&
o' n( t

)
e* x+ t

)
 C

&
h

0
a. n( n( e* l

1
 B

3
 

C
&

o' n( t
)
e* x+ t

)
 A

2
b

4
s5 t

)
r- a. c6 t

)
o' r-  1 C

&
o' n( t

)
e* x+ t

)
 A

2
b

4
s5 t

)
r- a. c6 t

)
o' r-  2

7
 

C
&

o' n( t
)
e* x+ t

)
 C

&
h

0
a. n( n( e* l

1
 C

&
 C

&
o' nt

)
e* xt

)
 C

&
ha. nne* l D 

Ap8 p8 lic6 a. t
)
io' n 1 Ap8 p8 lic6 a. t

)
io' n 2 Ap8 p8 lic6 a. t

)
io' n 3

/
 

 p9 u: s; h
<
 e* v= e* nt

)
s5  C

&
G

,
1  p9 u: s; h

<
 e* v= e* n( t

)
s5  C

&
G

,
3

/
 

 p9 u: s; h
<
 f

>
i

?
l

1
t

)
e* r- e* d

@
 e* v= e* n( t

)
s5  

 p9 u: s; h
<

 e* v= e* nt
)
s5  C

&
A1  p9 u: s; h

<
 e* v= e* nt

)
s5  C

&
A2 

 p9 u: s; h
<
 f

>
i

?
l

1
t

)
e* r- e* d

@
 e* v= e* n( t

)
s5

 p9 u: s; h
<

           
f

>
i

?
l

1
t

)
e* r- e* d

@
 e* v= e* n( t

)
s5   

 p9 u: l
A
l

A
 filt

)
e* re* d

@
 e* v= e* nt

)
s5  

 

 p9 u: s; h
<
 filt

)
e* re* d

@
 e* v= e* nt

)
s5  

C
&

o' n( t
)
e* x+ t

)
 G

,
e* n( e* r- a. t

)
o' r-  2

7
 

 p9 u: s; h
<
 e* v= e* nt

)
s5  C

&
G

,
2 

F
�

i
ã
g� uÛ re 6

B
.ß  TR

à
IP D

C
irecÜ t

�
ory Se� r� vD ice’s G

E
UI

�
 fr� oÝ nt-end

Þ
 sá naâ psá hoÝ t

�
 



 

  B
n

ot
R
h
g
 C

]
AsN  aX nd

S
 CGsN  aX reO  coM nd ceO i

c
veO d foM re  asN yZ nd cU h

g
re ond oM us and d

S
 

deO coM upl
a
eO d int

R
eO raX ction wT ith ot

R
h
g
eO re  SI

k
F coM mpond end t

R
sN  by 

meaX nsN  of theO ir aX sN sN oM ciaX ted C
]

Cs. NeO vert
R
heO less, they alsN oM  

proM videO  aX  uP nif
h
oM rmi  syZ ncU hre onoM uP s i

c
nd teO re faX ceO  to eO naX ble 

apV plicat
R
i
c
oM nd s t

R
oM  qL uere yZ  the l

a
aX tesN t

R
 cU ond t

R
eO xt

R
 they h

g
aX ve 

mond i
c
t
R
oM reO d.Y  Q

F
uP eO ryZ i

c
nd g a C

]
A
z

 ore  C
]

G
 

 i
c
sN  aX pV pV roM pV ri

c
aX te f

h
or oM nd e-

time cU oM ntext
R
 neeO dsN  oM r wT hen theO  apV plicat

R
ioM n is first start

R
eO d. 

Th
g
eO  noM t

R
i
c
f
h
icat

R
i
c
oM nd  or pV uP blish

g
/

�
sN uP bscU ri

c
b
K
e mech

g
and i

c
sN m i

c
sN  

apV proM priaX teO  for repV et
R
it

R
ivW eO  coM ntext neO eO dsN .Y  

  An int
R
eO reO st

R
ingQ  sN ide eO ffect

R
 oM f having impV leO meO nt

R
eO d CCsN  

wit
R
h C

]
O
�

RBA NotificU ation ChanneO ls is that
R
 eO vent sN upplieO rsN  

are oM ffeO reO d
S
 a q6 u- en/ ch

3
 meO chanism by wT hicU h they cU an 

dynaX micaX l lyZ  reO alisN eO  wT heO theO r thereO  areO  cU onsN uP mersN  interested
S
 

on theO  eO vW eO ntsN  theO y aX reO  proM ducU ingQ  or noM t. ThisN  faX cU il ity 
permit

R
sN  coM ntext soM uP rcU esN  to inteO l ligQ eO nt

R
lyZ  sN t

R
oM p oM r resN ume 

evW eO nt
R
 coM mmunicU aX tion,_  henceO  maX kingQ  aX n efficU ient uP sN e of the 

netwoM rk.  
  CA cU oM mpV oneO nt

R
sN  aX reO  the cU ore cU ompV oM nents of t

R
heO  SIF 

architecU ture.Y  TheyZ  uP ndeO rt
R
aX ke the sepV arat

R
ioM n of coM ntext 

caX pt
R
uP re and interpret

R
aX tion from coM ntext usN eO  b

K
y 

traX nsN forming t
R
heO  cU oM ntext

R
 infoM rmaX tion floM wT  to t

R
he eO nd

S
 

apV plicaX t
R
ioM n neeO dsN .Y  Their beO haviour respond

S
s t

R
oM  aX n EvW eO nt

R
-

Condit
R
ioM n-Act

R
ioM n (ECA) moM del. TheyZ  moM nitor for 

asN yZ nchronoM us eO vent coM mmunicaX tion,_  applyZ  cond
S
it

R
ioM nal 

stat
R
eO meO nt

R
s oM vW er them and

S
 wheO neO ver aX  coM ndition isN  

fuP lfilled, gQ eO neO rat
R
eO  an aX cU tion (

^
in this cU asN eO ,_  proM ducU e aX  higheO r 

levW eO l event
R
).Y  BeO t

R
wT eeO n aX  CG

 
 and a final aX ppV licU aX tion,_  an 

evW eO nt
R
 can flowT  t

R
hroM uP gh N-tiers of C

]
A coM mpoM nent

R
sN . For 

exaX mpV leO , a peO rsN oM n’s TRIPtaX gQ  sN ightingQ  eO vW eO nt
R
,_  “coM d

S
e 1223

v
 

seeO n byZ  caX meO raX  30
l
” , cU ouP ld be t

R
ransfoM rmeO d byZ  a Loc) atio+ n/  

Servi
"
c) e Cont

!
e x0 t

!
 Abs% t

!
ra& ct

!
o+ r int

R
oM  “Diego sN eO en aX t entraX ncU e 

coM rrid
S
or’s froM nt-d

S
oM or reO gion” . In turn, a La& b Ac) ces% s%  

Co+ nte x0 t!  Abst! ra& c) t! o+ r coM uld maX pV  this laX tter eO vent int
R
oM  an 

“aX ut
R
hoM risN eO d pV erson pV reO sence”  event. This enhaX nced

S
 

coM ntext
R
uP al evW eO nt

R
 wT ouP ld

S
 finallyZ  reaX cU h t

R
heO  aX pplicU ation in 

chaX rgQ e of peO rformingQ  the aX ct
R
uP al acU t

R
ioM n, i.eO . theO  d

S
oM or 

opeO ningQ  effecU tor. 
  An eO sseO nt

R
ial mid

S
d
S
lewT are servicU e,_  nameO d

S
 C

#
o+ ntex0 t

!
 Trade r, 

isN  useO d to aX ssisN t
R
 S

\
IF cU ompV oneO nt

R
s aX nd aX ppV l icU aX tionsN  in the 

discoM veryZ  of ot
R
heO r S

\
IF coM mpoM neO nt

R
sN  aX nd their caX paX bilit

R
ieO s. 

ItsN  opV eO rat
R
ioM n is aX naX logQ oM us to a coM nveO ntionaX l TraX dingQ  

SeO rvW icU eO  [16]
m
.  When aX  SIF compV oM nent is sN t

R
aX rt

R
eO d it

R
 eO xpV ort

R
sN  

t
R
oM  the C

]
oM ntext

R
 Trad

S
eO r it

R
sN  oM b

K
j

[
ecU t

R
 reO feO reO ncU e aX nd

S
 theO  met

R
aX daX ta 

aX sN sN oM ciaX ted to theO  typV esN  oM f eO vents and theO  vW aluP eO sN  of t
R
he 

eO vW eO nt
R
 at

R
t
R
ribuP t

R
eO s it cU an pV rovW id

S
e.Y  In ad

S
dition,_  it

R
 alsN o repV ort

R
sN  

met
R
aX daX ta ab

K
ouP t

R
 the seO t oM f sN eO rvW iceO s it

R
 caX n pV roM vW ide,_  eO .Y g. 

frameO  gQ rab
K
bingQ  caX pV aX b

K
ilit

R
ieO s.Y  ApV pV licaX tionsN  maX y later reO qL uP esN t

R
 

t
R
hroM uP gh cU onsN t

R
raint expreO sN sN ioM ns foM r t

R
heO  ob

K
j

[
eO cU t reO feO reO ncU es of 

t
R
he S

\
IF coM mpoM nent

R
s pV rovW id

S
ing a givW eO n type oM f coM ntext

R
uP al 

eO vW eO nt
R
,_  or whose evW eO nt

R
sN  coM ntain theO  set of aX t

R
t
R
ribut

R
eO  name 

vW aluP eO sN  sN pV eO cU ifieO d.Y  FuP rt
R
hermoreO ,_  apV pV licaX tions mayZ  reO gisN t

R
eO r 

wT ith theO  C
]

oM ntext Trad
S
eO r t

R
oM  b

K
eO  not

R
ified

S
 wT hen newT  cU oM ntext

R
 

sN ourceO s pV rovW id
S
ing t

R
heir events of int

R
eO reO sN t

R
 are aX d

S
d
S
ed

S
 or 

wT heO n eO xistingQ  oM nes are uP nregQ isN t
R
eO red

S
.Y  This peO rmit

R
sN  sN ent

R
ieO nt

R
 

aX pV pV licaX tionsN  t
R
oM  adapt t

R
oM  cU haX ngQ eO s in t

R
he S

\
IF frameO wT ork. 

 
  T

f
he main b

K
eO nd eO fi

c
tsN  oM f

h
 aX dopV t

R
i
c
ng S

\
IF

t
 f

h
ore  seO nt

R
ieO nt 

applicU at
R
ioM n coM nstruP ct

R
ioM n are it

R
sN  run-time reu- sab

5
i
"
l
7
i
"
t! y(  and 

ex0 t! e ns% i
"
b
5

il
7
ity(  f

h
eat

R
uP re es. C

]
C
]

sN  aX re e sN hare ed byZ  cU ond t
R
eO xj t

R
 sN ourceO s 

(CG
 

s aX nd C
]

A
z

s) pV re od
S
uP ci

c
nd g evW end t

R
sN  wT it

R
h pV re eviousN l

a
yZ  aX greO ed 

seO manticsN  and d b
K
yZ  coM nd sumi eO rsN  (C

]
A
z

s and aX ppV l
a
i
c
cU aX tiond sN )

`
 

int
R
eO reO st

R
eO d on thaX t cU onteO xt

R
uP aX l daX ta.Y  ThisN  propeO rt

R
yZ  caX n beO  

usN eO ful foM r S
\
ensore  Fusi

c
oM nd  puP re poM sN eO sN .Y  NeO wT  CAsN  cU aX n beO  

int
R
eO rpV osed in betweO en ot

R
heO r CAsN  or CG

 
s aX nd

S
 apV plicat

R
ioM ns 

in ore d
S
ere  t

R
oM  aX daX pt aX nd d

S
 eO xtend t

R
he coM ntextual ind f

h
ore mat

R
i
c
oM n 

fl
a
oM wi

c
nd g thre ougQ h

g
 SI

k
F to th

g
eO  end d aX ppl

a
i
c
cU ati

c
oM n nd eO eds. OuP re  

coM nt
R
eO xt aX bsN t

R
re acU tiond  mecU h

g
aX ni

c
sN mi  permi i

c
t
R
sN  aX nd  aX pV pV l icaX tiond  to 

reO cU ei
c
vW eO  cU ond teO xj t

R
 fre om aX n aX lt

R
ernd aX ti

c
vW eO  sN eO nsN oM re  sN yZ sN t

R
eO mi  t

R
oM  theO  

init
R
iaX lly usN eO d oneO  wit

R
hout

R
 aX ct

R
uP allyZ  reO qL uP iringQ  aX nyZ  cU hangeO  in 

theO  aX pV pV licaX tiond  cU odeO .  
 

5
G

.A  M
H

i
J
d

G
d

G
l

I
e� w" a} rE e�  f

J
oF rE  oF b

�
j

K
e� cI t

D
 l

I
i

J
f

J
e� cI yL cI l

I
e�  cI oF nC t

D
rE oF l

I
 

 
  Thus faX r, we haX ve suppoM rted

S
 our aim oM f facU ilit

R
aX ting aX  

wid
S
eO r depV loM yment of sN ent

R
ient spaceO s wit

R
h t

R
wT o 

coM ntribuP t
R
ioM nsN :�  TRIP aX nd

S
 SIF. TRIP proM vW id

S
esN  a coM sN t

R
-

effecU tive aX nd
S
 eO asN ilyZ  d

S
eO pV loM yZ aX bleO  locaX tion seO nsor t

R
eO chnologyZ .Y  

SIF efficU ient
R
lyZ  manipulat

R
eO s and

S
 d

S
isN sN eO minateO sN  coM nteO xt

R
uP aX l 

data,_  simplifyZ ingQ  aX pV pV licU at
R
ioM n d

S
evW eO lopmeO nt. OneO  queO stioM n 

still t
R
o be answeO reO d,_  hoM wT eO ver, is how,_  oM nceO  aX  sent

R
ieO nt 

syst
R
em receO ivesN  aX  high leO vW eO l evW eO nt

R
 (eO .gQ .Y  “DiegQ oM  eO nt

R
ersN  his 

officeO ” ),_  cU an the system effeO ctivW eO ly t
R
rigQ ger an acU t

R
ion,_  i.eO .Y  

acU t
R
ivate,_  deacU tivat

R
eO  oM r migraX t

R
eO  a uP ser-b

K
oM uP nd softwT aX reO  

service?
M
  

  E
y

xj pV ere imeO ntati
c
on wi

c
t
R
h
g
 sN eO nd t

R
i
c
eO nt

R
 apV pl

a
i
c
cU at

R
i
c
oM n d

S
evW eO l

a
oM pV mend t 

haX s sN h
g
oM wnd  theO  neO ed

S
 foM r aX nd  i

c
nfre asN tre uP cU ture e t

R
oM  eaX sN eO  uP sN eO re -

asN sociat
R
eO d sN eO rvW i

c
ceO s’ lifeO cyZ cU l

a
e coM ntroM l. O

�
therwT ise,_  evere y 

time aX  newT  sN end tiend t
R
 aX ppl

a
i
c
cU ati

c
on is d

S
evW eO l

a
oM pV ed

S
, theO  

disN t
R
re ibut

R
eO d cU omi pV oM nents invW oM lved

S
 in its oM pV ere at

R
i
c
oM n haX ve t

R
oM  

be manuaX lly stare teO d, oM r aX t leasN t
R
 t

R
h
g
e f

h
acU t

R
oM re y ob

K
j

[
eO ct

R
sN  caX paX bleO  

of cre eaX t
R
i
c
nd gQ  thesN e cU oM mi pV oneO nt

R
sN  oM n deO mand.Y  Th

g
eO  l

a
aX ck

b
 of t

R
h
g
i
c
s 

midd
S
l
a
eO wT are e mi aX kes sN eO nd t

R
i
c
eO nd t

R
 appl

a
i
c
cU at

R
i
c
oM n depV loyment vere y 

cuP mbersN oM me.Y  MoM reoveO r, uP ser-relaX ted
S
 servicU esN  aX re often 

bouP nd d t
R
oM  h

g
i
c
sN  locU at

R
i
c
oM n aX nd

S
 musN t

R
 foM ll

a
ow the usN eO r asN  heO  

movW eO s t
R
h
g
re ouP gQ h th

g
eO  ph

g
yZ sN i

c
cU aX l spaX ceO .Y  T

f
heO reO foM reO , i

c
t i

c
s 

desiraX bl
a
eO  to coM ntroM l

a
 b

K
oth theO  l

a
if

h
ecyZ cU le oM f

h
 useO r-b

K
ound d

S
 

servW i
c
cU esN  aX nd

S
 theO ir loM cU at

R
ioM n in a hoM sN t

R
 nd eO twork

b
.Y   

  Th
g
eO  L

u
ocA

z
L
u

E
y

 (L
u

ocat
R
i
c
oM nd -AwareO  L

u
i
c
f
h
ecU yZ cle E

y
nvi

c
re onmi eO nt

R
)
`
 

fre ami eO wT ork
b
 deO fi

c
nd esN  a simpV l

a
eO  mi eO cU hanism f

h
oM re  mi aX naX gingQ  the 

lifeO cyZ cU leO  (i
c
.Y e. aX ct

R
i
c
vW at

R
i
c
oM nd , mi igraX tiond  aX nd

S
 deaX cU tivat

R
i
c
oM n) aX nd d

S
 

locat
R
i
c
oM nd  of di

c
sN t

R
re ibuP teO d

S
 C

]
O
�

R
w

B
n

A
z

 ob
K
j

[
ecU ts reO sidind gQ  i

c
nd  a 

netwoM re k. I
k
n aX dd

S
it

R
ion,_  i

c
t
R
 ad

S
ds l

a
oad

S
-b

K
aX lanci

c
nd g aX nd

S
 faX ul

a
t
R
-

toleraX nce f
h
eaX ture esN  t

R
oM  t

R
he oM bj

[
ecU t

R
s wT hosN eO  l ifeO cyZ cU leO  it 

coM ntroM ls. Th
g
e emi pV hasis oM f its d

S
eO sN i

c
gQ nd  i

c
sN  pl

a
aX ceO d on providi

c
nd gQ  

a sN uitable intere facU e foM re  thi
c
re d pV aX re tyZ  obj

N
e ct! -loc) ati

"
o+ n/  

co+ n/ troller. s. T
f

h
g
esN eO  cU ont

R
re ollersN ,_  awT are e oM f peO rsN oM nneO l l

a
oM caX ti

c
oM nd  

and d
S
 cU oM mi pV ut

R
ingQ  resN oM urcU es l

a
oM caX tiond ,_  load

S
 oM r caX paX bi

c
l
a
i
c
t
R
i
c
eO s, cU and  

intell
a
igend tly d

S
i
c
re ecU t coM mi poneO nt

R
sN ’ locaX t

R
i
c
oM nd s aX nd

S
 lifeO cycl

a
eO s. 



 

LoM cU AL
u

E is l
a
i
c
mi i

c
t
R
eO d t

R
oM  oM f

h
feO rind g the obj

[
eO ct

R
-lifeO cyZ cU l

a
e 

haX ndl
a
i
c
nd gQ  i

c
nd f

h
raX sN t

R
re uctureO  reO quP i

c
re ed.  

  LoM cU ALE’sN  aX ut
R
oM mat

R
icU  servicU e aX ctivW at

R
ioM n and migraX t

R
ioM n 

caX paX bi
c
l
a
i
c
t
R
i
c
eO s simpV l

a
i
c
f
h
y send tiend t aX pV pV licaX tiond  d

S
epV l

a
oM ymend t and d

S
 

end ab
K
leO  C

]
P
r

U
�

 i
c
nd t

R
eO nd sN i

c
vW e systemi sN , sucU h aX s T

f
RIP

r
, to re euP se the 

spaX reO  reO souP re ceO sN  avW ai
c
l
a
aX bl

a
eO  i

c
nd  aX  nd et

R
wT ore k

b
. LocU AL

u
E oM ff

h
ere s t

R
oM  

apV plicat
R
ioM ns loc) atio+ n/ -c) ons% t! ra& ined lif

1
ec) y( cl

7
e  c) ont! rol

7
 oM vW eO r 

dist
R
re ibut

R
eO d obj

[
eO ct

R
sN . Ond  sN eO rvW iceO  aX ctivat

R
i
c
oM n, L

u
oM cA

z
LE-

enab
K
leO d

S
 aX pV pV licaX tionsN  speO cify the servicU e’sN  initial net

R
wT ork 

locat
R
i
c
oM n aX nd

S
 theO  cU ond sN t

R
re aints uP ndeO r wh

g
icU h

g
 that sN eO rvW i

c
cU eO  wT i ll 

lat
R
eO r b

K
e mi i

c
graX ted

S
 or re ecoM vere ed

S
. AsN  re esN uP lt of t

R
h
g
i
c
sN  pV roM cU eO ss, 

LocU AL
u

E reO ture ns to cl
a
i
c
eO nt

R
 appl

a
i
c
cU at

R
i
c
oM ns peO rmi aX nd eO nt

R
 ob

K
j

[
eO ct 

reO feO re eO nd cU eO s t
R
h
g
at

R
 areO  vW aX l

a
i
c
d
S
 for theO  eO nd t

R
i
c
re e li

c
feO t

R
i
c
mi eO  oM f the 

obj
[
eO ct

R
, no mat

R
t
R
eO r hoM w many t

R
imeO s t

R
hat

R
 obj

[
eO ct

R
 is migQ raX ted

S
 

or re ecU ovW eO reO d
S
.Y  A

z
 traX nspV aX re eO nd t

R
 reqL uP esN t

R
 re ed

S
ire eO ct

R
i
c
oM n i

c
sN  

perf
h
ormi eO d

S
 uP pV on cU liend t reO mot

R
eO  caX ll issuP eO  ond  aX n ob

K
j

[
eO ct 

wh
g
oM se l

a
oM cU aX tiond  chand ged

S
. WhereO asN  S

\
IF

t
 coM ncend tre atesN  oM nd  

ai
c
d
S
ing sN eO nt

R
i
c
eO nt

R
 aX pV pV licaX tiond  devW el

a
oM pV ment, LocU AL

u
E foM cuP sesN  

on mi ak
b
i
c
nd g t

R
heO ir deployZ meO nt sN i

c
mi pV lere .Y  A fuP l

a
l
a
 descre ipt

R
i
c
oM nd  of

h
 

the caX paX bi
c
l
a
i
c
t
R
i
c
eO s aX nd i

c
mi pV lemi end t

R
aX tioM nd  of this mi

c
d
S
d
S
lewT are e 

soft
R
waX reO  isN  gQ ivW eO n at [11]

m
. 

 

6
O

.A  A
P

pQ pQ l
I
i

J
cI a} t

D
i

J
oF nC s�  

 
  TheO  TRIP sN eO nsN oM r t

R
eO chnologyZ  hasN  b

K
eO en employeO d in the 

devW elopV meO nt
R
 of sN evW eO raX l sentieO nt

R
 applicaX tions. In thisN  

secU tion, t
R
wT o sN igQ nificaX nt

R
 exaX mpV leO s oM f it

R
sN  usab

K
ilit

R
yZ  in b

K
oM t

R
h 

off-lineO  aX nd
S
 reO aX l-t

R
ime vW id

S
eO oM  parsN ingQ  are gQ ivW eO n.Y   

 

6
R

.� 1.�  L
S

C
T

E
U

 S
º

e� n¬ t
�
i
«
e� n¬ t

�
 L

S
i

«
b

�
r� a� r� y�  

 
  ConveO ntional traX cking tecU hnoM loM gieO sN  aX t

R
tacU h t

R
heO ir acU t

R
ive 

taX gQ sN  oM nlyZ  t
R
oM  eO ntitiesN  considereO d moreO  vW aX luab

K
leO  than t

R
he tagQ sN  

themsN eO lveO s, eO .g. cU ompV uP teO rsN  or pV eO rsN oM nnel.Y  MoreoM vW er, t
R
heO se 

acU tive t
R
ags’  size and t

R
hicU kneO ss preO vent t

R
heO m from beingQ  

at
R
t
R
achaX b

K
le toM  sN maX ll it

R
eO msN .Y  TRIP’sN  cU ostlesN sN  resN izab

K
leO  tagQ sN  

and
S
 aX mpV leO  raX ngQ eO  of id

S
ent

R
ifieO rs make t

R
hisN  pV oM sN it

R
ioningQ  

teO cU hnoloM gQ yZ  sN uP it
R
aX ble evW eO n for the loM caX tion of sN maX ll and

S
 loM wT -

coM sN t
R
 it

R
eO ms in aX  phyZ sN icU al sN pV aX cU e.Y  ThisN  isN  t

R
heO  casN eO  of 

staX t
R
ionaX ryZ  (eO .gQ .Y  sN t

R
aX plersN  oM r hoM leO  pV uP ncheO rs),_  oM r booM ksN  sN hared

S
 

by t
R
heO  peO rsN oM nnel in aX n oM fficU e. PeO ople will ofteO n cU haX ngeO  the 

loM cU aX tion of thesN eO  it
R
eO msN ,_  eO nforcU ing oM ther cU olleaX gQ uP eO s t

R
oM  

seO aX rcU h for them throM uP gh t
R
heO  office.Y  TRIP’sN  vW eO rsat

R
ility, t

R
oM  

taX g and loM cU ateO  anyZ  eO nt
R
ity in an eO nviroM nment,_  hasN  beO en 

aX pV pV lieO d to the pV roblem of finding the loM cU aX tioM n of boM oM ksN  
sN hared

S
 b

K
yZ  resN eO arcU hers in oM uP r laX b

K
oM rat

R
oM ryZ .Y   

  Th
g
eO  L

p
CE S

#
e n/ t! i

"
e nt!  L

p
i
"
b
5

r. a& ry(  systemi  auP gQ mend ts a 
cU oM nd vend tionaX l libraX re y cU atal

a
oM gQ ue sN yZ sN t

R
eO mi  wi

c
t
R
h
g
 sN end t

R
ieO nd t

R
 

f
h
eaX ture esN .Y  A

z
part

R
 f

h
re oM mi  t

R
h
g
e t

R
yZ pV i

c
cU al f

h
und cU tiond aX l

a
i
c
t
R
yZ  exj pV ecU t

R
eO d in 

suP cU h
g
 sN yZ sN t

R
eO msN ,_  thi

c
sN  oM nd e oM f

h
feO rsN  cU oM nd texj t

R
uP al

a
 inf

h
ormat

R
i
c
oM n ab

K
oM ut 

theO  booM ks in our laX b.Y  DetailsN  on t
R
heO  lasN t

R
 sN eO en b

K
ook locU at

R
ioM n 

and its pV roM xj i
c
mi ity toM  ot

R
h
g
eO r iteO ms i

c
nd  t

R
h
g
eO  end viroM nd mend t aX reO  

seO are chab
K
le b

K
yZ  t

R
h
g
eO  usN eO r. F

t
iguP re e 8

|
 sN h

g
oM wsN  t

R
h
g
eO  reO suP l

a
t
R
 oM f

h
 a boM ok 

seO are ch t
R
h
g
re ouP gQ h t

R
h
g
e LCE S

\
eO ntieO nt L

u
i
c
braX ryZ  weO b f

h
roM nd t-eO nd.Y  

This aX ppV licU aX tion caX n beO  vW ieO weO d onlineO  aX t
R
:�  http:/

�
/

�
wwwT -

lcU e.Y end g.cU aX m.acU .uk/
�
Li

c
b
K
re aryZ .Y  

 

 
F
�

igur� e�  8. L
V

CE
W

 Sen� ti
ã
e� nt

�
 L

V
ibrary W

X
eb Int

�
e� r� f

Y
ace�  

 
  Id

S
eO ally, theO  S

\
entiend t L

u
i
c
b
K
raX ryZ  wT ouP l

a
d
S
 usN eO  cU amere asN  spre eaX d 

t
R
h
g
roM uP ghouP t

R
 oM ur l

a
aX boM re atoryZ  t

R
oM  mi oM nd itor i

c
nd  re eaX l

a
 time t

R
h
g
e 

mi oM vemi end ts oM f
h
 T

f
RI

k
P-t

R
aX ggQ eO d b

K
ook

b
sN .Y  T

f
he f

h
i
c
re sN t

R
 proM totype, 

h
g
oweO vW eO r, uP sN eO sN  off

h
-l

a
i
c
nd eO  pV roM ceO ssi

c
ngQ  of

h
 a vi

c
d
S
eO o foM oM tagQ eO  wT ith 

b
K
ook

b
 si

c
gh

g
t
R
i
c
nd gs to aX ut

R
oM mat

R
i
c
cU aX lly uP pV d

S
at

R
eO  the boM ok cU aX tal

a
oM gue, 

sN t
R
oM reO d in the T

f
R
w

I
k
P Di

c
re ect

R
oM re y S

\
eO rvW eO re .Y  

  P
r

eO re iodi
c
cU al

a
l
a
yZ , theO  L

u
CE li

c
b
K
raX ri

c
aX n reO cU ord

S
s wT it

R
h a d

S
i
c
gQ itaX l

a
 

vW i
c
d
S
eoM  cami eO raX  t

R
h
g
e T

f
RIP

r
-t

R
aX gQ gQ eO d l

a
oM caX ti

c
oM nd s and b

K
ook

b
sN  in oM uP r 

l
a
aX b.Y  EvW eO ryZ  l

a
oM cU ation wT here e aX  boM oM k mayZ  b

K
e l

a
oM cU ated

S
 i

c
sN  t

R
aX ggQ eO d 

wT ith aX  locU at
R
i
c
oM n-t

R
yZ pV eO  TR

w
I
k
PcoM de.Y  S

\
imilarl

a
yZ ,_  TR

w
I
k
Pt

R
agQ sN  aX re e 

aX ttach
g
eO d

S
 t

R
oM  booM k

b
 spineO s (sN eeO  FigureO  8)

`
. T

f
he sN t

R
aX t

R
i
c
cU  dat

R
a 

d
S
eO t

R
aX ils assocU iat

R
eO d

S
 t

R
oM  book

b
sN  and d their l

a
oM cU ationsN  wT ere e sN t

R
oreO d 

i
c
nd  t

R
h
g
eO  TDS

\
 usN i

c
nd gQ  i

c
t
R
sN  G

 
U
�

I
k
 f

h
roM nd t-eO nd,_  aX sN  sh

g
oM wT nd  Figure e 6.Y  

  F
t

i
c
gQ uP reO  9 deO pi

c
cU ts the opeO raX tiond  oM f

h
 theO  SeO nd t

R
i
c
eO nt

R
 L

u
i
c
b
K
raX ryZ  

sN yZ sN t
R
eO mi .Y  A VideoM  Fre ame S

\
ere veO r pre ovi

c
d
S
eO s accU esN s t

R
oM  a 

sN eO re iaX l
a
i
c
sN eO d b

K
ook

b
 l

a
oM caX tiond sN ’ vW i

c
deoM  foM otagQ e,_  wT here easN  a 

T
f

RIP
r

arsN eO r and aX l
a
yZ sN eO s t

R
h
g
e f

h
raX meO s cU apV tureO d

S
.Y  T

f
he TDS

\
 i

c
sN  usN eO d 

t
R
oM  uP pV dateO  booM k aX ssN oM cU i

c
aX ted

S
 cU ond t

R
eO xj t

R
uP aX l

a
 dat

R
aX  asN  reO suP l

a
t
R
 of

h
 b

K
oM ok 

sN i
c
gQ h

g
tingsN .Y  TheO  L

u
ibraX re y C

]
atal

a
oM gue AgQ eO nt

R
 is th

g
e cU ore eO  

cU ompV oM nent cU oM oM rd
S
inat

R
ing t

R
he caX t

R
aX logQ uP eO  upd

S
aX t

R
ingQ  procesN sN .Y  

O
�

n i
c
nd i

c
t
R
i
c
aX l i

c
saX tiond ,_  assist

R
eO d b

K
yZ  L

u
ocAL

u
E
y

, t
R
h
g
i
c
s agQ eO nt

R
 aX ctivW at

R
eO s 

t
R
h
g
eO  V

å
i
c
deO o F

t
re aX mi eO  S

\
ere veO r aX nd

S
 t

R
he T

f
RIParsN eO r cU omi pV oneO nt

R
sN .Y  A

z
 

wT eb
K
 i

c
nd tere faX ceO  is provideO d foM r LC

]
E membeO rsN  to:�  (1) broM wsN eO  

t
R
h
g
re ouP gQ h booM k

b
 cU aX tegQ ori

c
eO s and th

g
eO  boM oM k

b
s in a cU ategQ oM ryZ ,_  (2

s
) 

pV eO rfoM re m keyZ wT ord-b
K
aX sN eO d seaX rcU h

g
 of

h
 b

K
oM oksN ,_  (

^
3)

`
 cU reO at

R
eO  newT  

b
K
oM ok cat

R
eO gore iesN ,_  (4

�
) i

c
nd pV ut neO w b

K
oM oksN ’ deO tai

c
l
a
sN  aX nd

S
 pV ri

c
nd t

R
oM ug 

t
R
h
g
eO i

c
re  aX ssoM cU iated

S
 TR

w
I
k
PtagQ  (

^
5) and mod

S
i
c
f
h
y b

K
ook

b
 deO tai

c
lsN . 



 

  TheO  oM ff-l ineO  videO o pV rocU essingQ  nat
R
uP re oM f t

R
his apV plicat

R
ioM n 

did noM t suit weO ll the S
\

IF aX pplicU at
R
ion coM nstruct

R
ioM n mod

S
eO l.Y  

TheO  SIF moM del isN  deO viseO d foM r apV pV licaX t
R
ions reqL uiring reO al-

time noM t
R
ificaX t

R
ioM n of coM nt

R
eO xtuaX l informat

R
ioM n. In t

R
his casN eO ,_  

the syncU hroM noM uP s meO thoM d
S
 int

R
eO rfacU eO s oM ffeO reO d b

K
y the 

reO speO ct
R
ive disN t

R
ribuP t

R
eO d coM mpoM nents wT ere eO mploM yZ eO d

S
.Y  

  TheO  Sentient
R
 Lib

K
raX ryZ  haX s beeO n in usN eO  foM r moreO  than 6

o
 

mont
R
hs aX nd

S
 oveO r time has pV rovW eO d to b

K
eO  aX  pV oM pulaX r tool for 

the memb
K
ers of oM ur laX b.Y  It

R
 is concU eivW aX b

K
leO  thaX t aX n eO nhaX ncU ed

S
 

versioM n oM f t
R
he system could

S
 beO  aX pplieO d t

R
o reaX l l ib

K
raX rieO s, 

wheO re useO rsN  take boM oM ks froM m sN t
R
aX nd

S
s aX nd lat

R
eO r, in an attempV t 

to heO lp t
R
he lib

K
raX riaX nsN ,_  plaX ceO  theO m b

K
aX cU k in theO  wrong 

locat
R
ioM n. Lib

K
rariaX ns cU oM uP ld b

K
e aleO rt

R
eO d of boM oM ks’ 

misplaX ceO meO nt
R
 wT hileO  sN cU aX nningQ  theO  b

K
oM ok sN t

R
aX nd

S
s wit

R
h a 

TRIP-enab
K
led

S
 cameO raX ,_  rat

R
her t

R
han reO qL uP iringQ  theO m t

R
oM  

visuaX l ly inspeO ct
R
 every b

K
ooksN helf in t

R
he library. 

6
R

.� 2
¥

 F
Z

o� l
[
l

[
o� w\ -M

]
e�  A

�
u� d

¼
i

«
o�  

 
  Sent

R
ieO nt spaX ceO sN  atteO mpV t

R
 t

R
oM  pV rovideO  to usersN  t

R
heO  soft

R
wT are 

serviceO sN  t
R
heO y reqL uP ire wheO reO vW eO r t

R
heyZ  aX re.Y  TheO  goaX l is toM  

alloM wT  users to moveO  freeO ly arouP nd
S
 t

R
heO se sN pV aX cesN  wit

R
hoM ut 

unduP eO  degraX datioM n of t
R
heO  comput

R
ing aX nd cU ommuP nicU atioM nsN  

reO sourceO s avW aX ilab
K
leO  to t

R
heO m.Y  Thus,_  aX  cU oM mmon vW ariet

R
yZ  of 

serviceO sN  pV roM vW id
S
eO d by S

\
entieO nt

R
 C

]
oM mputing aX reO  t

R
heO  sN oM -caX lled

S
 

“ f
h
ollow-me”  sere vicesN .Y  A

z
 F

?
o+ ll

7
o+ w: -M

^
e A

%
udio aX pV pV l

a
i
c
cU at

R
i
c
oM nd  hasN  

beeO n built t
R
haX t d

S
emoM nstraX teO sN  TRIP’s cU aX pab

K
ilit

R
iesN  aX s aX  real-

timeO  identificaX t
R
ion aX nd

S
 locat

R
ion sensN or.Y  The FolloM w-Me 

AuP d
S
ioM  aX pV pV licU at

R
ioM n pV roM vW id

S
eO s uP sN eO rsN  wT ith music from the 

neaX reO sN t
R
 speO akeO rs wT hereO ver theyZ  moM ve in ouP r laX b.Y  TRIPtagQ  

weO arers’  movementsN  aX reO  traX cU ked
S
 b

K
y anaX lysN ing t

R
heO  videoM  

frameO sN  pV rovid
S
eO d b

K
yZ  sevW eO ral wT eb

K
-cU ams installeO d arouP nd

S
 our 

laX b
K
.Y  Act

R
ionsN  in aX  d

S
isN t

R
rib

K
uted

S
 j

[
uP keb

K
oM x coM mponeO nt areO  issN ued

S
 

b
K
yZ  showind g t

R
oM  t

R
h
g
eO  cU aX meraX s T

f
R
w

I
k
PtaX gsN  re epreO send ti

c
nd g j

[
ukebox 

cU ontroM l oM pV eO raX t
R
ionsN .Y  

  FigQ uP re 10
l
 shoM wsN  the diffeO reO nt

R
 d

S
istrib

K
uted cU ompV onents 

invW olved in t
R
he impV lement

R
aX t

R
ioM n of t

R
he FoM lloM w-Me AuP dio 

aX pplicU ation.Y  The cU ore cU ompV oM nent of t
R
heO  system isN  t

R
heO  

FolloM wT -MeO  Aud
S
ioM  AgQ eO nt

R
,_  an aX ut

R
oM nomoM uP s acU tiveO  oM b

K
j

[
ecU t 

repV reO senting aX  usN eO r. This aX gent listens to for user 
moM vemeO nt

R
 eO vents or j

[
uP keb

K
ox controM l acU tionsN  eO vents 

pV rovW id
S
ed

S
 b

K
y t

R
he S

\
IF framewT ork, aX nd

S
 aX s aX  result

R
 it migrat

R
eO s 

t
R
heO  musN icU  wT ith theO  uP ser oM r it

R
 t

R
riggers opeO raX tionsN  oM n t

R
heO  

d
S
igQ it

R
aX l j

[
ukeO boM x.Y   

Figure�  10. FoÝ lloÝ w-me AuÛ dio ArcÜ hite� cÜ tuÛ re 

 
T

_
R

`
I

a
P

b
 P

b
ac rd se ef rd  C

g
G

h
      

foi r cj ac mef rac  #1   

C
g

oi nt
k
ef xt

k
    

C
g

h
l

ac nm nm ef l
n    

…   

C
g

oi nt
k
ef xt

k
    

C
g

h
l

ac nm nm ef l
n    

T
_

R
`

I
a
P

b
 P

b
ac rd se ef rd  C

g
G

h
      

foi r cj ac mef rac  #N
o    

Fop llop wq  - mer         
Aus d

t
iop  Agu er nt

v    

L
w

oi cj A
x

L
w

E
y

  L
w

i
z
f

{
ef cj y| cj l

n
ef   

M
}

ac nm ac g~ ef rd    

TRIP Diref cj t
k
oi ry|   

S
�

ef rd v� ef rd    

MP3
�
 Au� d

�
ioi          

P
b

l
n
ac y| ef rd    

MP3
�
 J

�
u� kef b

�
oi x    

S
�

ef rv� ef r   

f
{
i

z
l

n
t

k
ef rd ef d

�
  

TRIPEv� ef nt
k
se    

f
{
i

z
l

n
t

k
ef rd ef d

�
 T

_
R

`
I

a
P

b
E

y
v� ef nm t

k
se    

p� u� se h TRIPEv� ef nt
k    p� u� se h TRIPEv� ef nt

k    

C
g

oi nt
k
ef xt

k
    

C
g

h
l
ac nm nm ef l

n    

Pef rse oi n Loi cj ac t
k
ioi n  

M
}

oi nm i
z
t

k
oi rd  Cg A

x    
p� ef rd se oi nm  l

n
oi cj ac t

k
i

z
oi nm   

cj h
l
ac nm g~ ef  ef v� ef nm t

k    
C

g
oi nt

k
ef xt

k
    

C
g

h
l
ac nm nm ef l

n    

J
�
u� kef b

�
oi x Acj t

k
ioi n  

C
g

oi nm t
k
rd oi l

n
l

n
ef rd  C

g
A

x    
j

�
u� k

�
ef  b� oi x�  cj oi nm t

k
rd oi l

n
 ef v� ef nm t

k    

f
{
i

z
l

n
t

k
ef rd ef d

�
          

l
n
oi cj ac t

k
i

z
oi nm  ef v� ef nm t

k
se    

f
{
i

z
l

n
t

k
ef rd ef d

�
 j

�
u� k

�
ef b

�
oi x�   

cj oi nt
k
roi l ef v� ef nt

k
se    

mp� 3
�
 ac u� d

�
ioi    

j
�
u� k

�
ef b

�
oi x�  cj oi nm t

k
rd oi l

n
  

cj oi mmac nd
�

se    

ac cj t
k
i

z
v� ac t

k
ef /

�
m� i

z
g~ rd ac t

k
ef  p� l

n
ac y| ef rd    

ac cj t
k
iv� ac t

k
ef /

�
mig~ rac t

k
ef   

p� l
n
ac y| ef rd /

�
j

�
u� k

�
ef b

�
oi x�     

TRIPcj oi d
�
ef  q� u� ef rief se    

ac cj t
k
iv� ac t

k
ef  j

�
u� kef b

�
oi x   

   

V
�

id
�

e� o�  Frame�    
Se� r� v� e� r�    

V
�

id
�
e� o�  C

�
ap� t

�
u� re�    

P
�

r� o� g� r� am�  
  

V
�

id
�

e� o�  File�   
R

�
e� p� o� si

�
t

�
o� r� y�    

T
�

R
�

I
�
P

�
 D

�
i

�
r� e� c  t

�
o� r� y�  

   Se� rv� e� r   
Bo� o� k  
J

¡
P

�
E

¢
G

£
s 
  

L
¤

i
�
b

¥
r� ar� y�  C

�
at

�
al

¦
o� g� u� e�  

   A
§

g� e� n¨ t
�    

TRIP V
�

id
�
e� o�     

F
©

r� am� e�  P
�

ar� se� r�  
  

Se� nt
�
ie� nt

�
 Lib

¥
rary�   

  W
ª

e� b
¥
 C

�
l

¦
i

�
e� n¨ t

�    

TRIPc  o� d
�
e�   

Dat
�
ab

¥  ase�  
  

Se� n¨ t
�
i

�
e� n¨ t

�
  

Lib
¥

rary�   
W

ª
e� b

¥
Pag� e� s 

  

V
«

id
¬
e­ o®  File­    

V
«

i
¯
d

¬
e­ o®  F

°
i

¯
l

±
e­    

g² e­ t
³
Fra´ me­ (

µ
)

¶  

g² e­ t
³
TRIPc· o® d

¬
e­ De­ t

³
a´ ils¸ (

µ
)

¶  
  

s¸ a´ v¹ e­ TRIPc· o® d
¬
e­ De­ t

³
a´ ils¸ (

µ
)

¶  
  

Bo® o® k S
º

e­ e­ n Be­ s¸ t
³
 Fra´ me­  

  

B
»

o® o® k
¼
 J

½
P

¾
E

¿
G

À
 f

Á
i

¯
l

±
e­  
  

g² e­ t
³
TRIPc· o® d

¬
e­ De­ t

³
a´ ils¸ (

µ
)

¶  
  

FiguÂ re 9. LCE S
Ã

eÄ ntieÄ nt
Å
 Lib

Æ
raÇ ry AppÈ l icat

Å
on ArcÉ hit

Å
ect

Å
ureÄ  

  

pÊ a´ rs¸ e­ Fra´ me­ (
µ
s¸ o® uË rc· e­ ID)

¶
 



 

  Th
g
eO  F

t
ol

a
l
a
oM wT -M

³
e AuP d

S
io A

z
gent opeO raX tes asN  f

h
ollowT s. F

t
i
c
re stly,_  

the aX gent re egQ istere s it
R
s i

c
nd t

R
eO resN t

R
 wi

c
t
R
h
g
 theO  P



e r. s% o+ n L

p
oc) at! i

"
o+ n/  

Mo+ nitor C
#

A’sN  channeO l oM n t
R
he moM vW emeO nt

R
 evW ent

R
sN  oM f the uP sN er.Y  

TaX b
K
l
a
eO  1 shoM wT s t

R
h
g
e re egQ istraX tiond  stat

R
eO mi eO nt

R
,_  expreO sN sN eO d i

c
nd  the 

Exj t
R
eO nd

S
eO d T

f
re ad

S
ere  ConsN t

R
re aind t LaX ngQ uP aX gQ eO , that the agQ eO nd t

R
 f

h
ore  

useO r ‘dl23
v
1’ sN uP bmi

c
t
R
sN  t

R
oM  t

R
h
g
i
c
sN  C

]
A
z

’sN  cU haX nnd eO l
a
 foM re  the re eceO pt

R
i
c
oM nd  

of thisN  usN eO r’s moM vement evW entsN  wT ithin t
R
he LCE preO misN eO s. 

SeO cU ond d
S
l
a
y, theO  aX gend t re egQ i

c
sN tere s, in aX  sN imilare  wT ayZ , wi

c
t
R
h
g
 the 

JukeO boM x AcU tion C
]

ont
R
rolleO r C

]
A’sN  channeO l. UpV on arrivW al of 

the f
h
irsN t

R
 h

g
i
c
gQ h

g
-l

a
eO vel

a
 eO vend t cU oM mi i

c
nd g f

h
roM m t

R
h
g
e PersoM nd  L

u
ocaX t

R
i
c
oM nd  

Mond i
c
t
R
or C

]
A
z

, the agQ eO nt
R
 aX ctivat

R
eO sN ,_  thre ougQ h

g
 LocU AL

u
E, the 

MP3 pl
a
aX yere  and d

S
 j

[
uP k

b
eb

K
ox coM mi pond eO nt

R
sN .Y  Wh

g
end , sub

K
seqL uend tly 

it reO cei
c
vW eO s uP sere  moM vW eO mi eO nt

R
 eO veO nts, theO  MP

r
3 pV layZ eO r i

c
sN  

migraX t
R
eO d, agQ ain usingQ  LocU ALE, t

R
o theO  compuP t

R
eO r wit

R
h 

auP dio oM uP tput
R
 cU l

a
osN eO st

R
 t

R
oM  the useO r. W

Ì
h
g
eO nd  t

R
h
g
e uP sN ere  movW eO s ouP t 

of the pV re emisesN  theO  aX gent d
S
eO sN t

R
re oyZ s b

K
oth the MP

r
3 playeO re  

and d j
[
uk

b
eO boM xj  sN ere ver.Y  O

�
n are ri

c
vW al

a
 oM f eO vend ts fre omi  th

g
eO  Juk

b
eO boM xj  

Contre oller C
]

A,_  t
R
h
g
eO  aX geO nt i

c
sN sN uP esN  the suitable coM ntroM l 

coM mmand d to t
R
he j

[
uk

b
eO boM x sN eO re vere .Y  

 
st r uct  M

Í
ovement Event  {  

   s t r i ng per sonI D;   
   l ocDesc f r om;  / /  e. g.  ‘ bui l di ng. f l oor . r oom. r egi on’  
   l ocDesc t o;   / /  e. g.  CUED. 4. LCE- Room1. camer a1 
} ;  
(  (  ( $domai n_name == ’ Per sonLocat i onMoni t or ’ )  and  
    ( $t ype_name == ’ M

Í
ovement ’ )  and 

    ( $per sonI D == ’ dl 231’ )  and 
    ( ‘ LCE’  ~ $f r om)   / /  i s  ‘ LCE’  a sub- st r i ng of  $. f r om? 
  )   
)  

Taâ b
Î

l
Ï
e�  1. F

�
ilt

�
ering expressá i

ã
on�  oÝ n moÝ vD e� me� nt

�
 e� vD e� nt

�
 

 
  B

n
ot

R
h
g
 PeO re son L

u
ocat

R
i
c
oM nd  MoM nd itor aX nd d

S
 Juk

b
eO boM xj  A

z
cU t

R
i
c
oM nd  

Cont
R
roller CAsN  uP ndert

R
aX ke aX  similar fuP nct

R
ioM n. TheyZ  regQ isN teO r 

wit
R
h t

R
he TRIParsN eO r C

]
G
 

s’ coM ntext channelsN  t
R
oM  reO ceO ivW eO  the 

TRIPeO veO nt
R
s corresN pond

S
ing to their TRIPcU od

S
eO  caX tegoriesN  of 

inteO reO st. Th
g
eO n,_  t

R
h
g
eO yZ  i

c
nd t

R
eO rpreO t t

R
h
g
eO  eO veO nts re eceO ived, wi

c
t
R
h
g
 the 

asN sN istand ceO  of t
R
h
g
eO  TR

w
IP

r
 Di

c
re ecU t

R
oM re y S

\
eO rvW eO re ,_  aX nd d

S
 pV roM d

S
uceO  the 

high
g
-levW el

a
 evend ts that cU aX n di

c
re ecU tly dri

c
vW eO  theO  pV ere soM nd aX l

a
 agend t 

opeO raX tioM n. 
  A

z
s t

R
h
g
eO  uP sN eO re  waX nd

S
ere s arouP nd t

R
h
g
eO  l

a
oM caX tiond -awT are e 

enviroM nment, t
R
heO  musN icU  foM lloM wsN  him.Y  TheO  sN t

R
aX t

R
e oM f the 

system aX nd
S
 t

R
ime ind

S
ex into the cuP rreO nt

R
 sN oM ng persisN t

R
sN  aX s the 

coM mpond end t
R
sN  mi igQ raX te.Y  Th

g
i
c
s aX pV pV l icaX tiond  l

a
eO veraX ges T

f
RIP

r
 

traX cking capV aX b
K
il it

R
ieO sN ,_  theO  SIF apV pV licaX t

R
ion cU oM nsN truP cU t

R
ioM n 

mod
S
eO l and LocALE’sN  migQ ration supV pV ort

R
.Y  

 

7.A  Re� la} t
D
e� d

G
 W

Ð
oF rk 

 
  SON

�
Y’sN  Cyb

K
ere CodeO  [20

l
]
m
 i

c
sN  a visuaX l t

R
aX ggi

c
ngQ  systemi  

based
S
 oM nd  aX  2-D

q
 sN qL uaX reO  b

K
are coM deO  t

R
h
g
aX t

R
 al

a
i
c
k
b
e TR

w
IP caX n beO  uP sN ed

S
 

to d
S
et

R
eO rmi i

c
nd e the 3

v
-D posN i

c
t
R
i
c
oM nd  aX nd

S
 identifi

c
eO r of tagQ ged

S
 

obj
[
eO ct

R
sN . TheO  ARToM olKit [9]

m
 sN yZ sN t

R
eO m alsN oM  cU hoM oM sesN  a sN qL uP are 

mare ker f
h
or aX  simil

a
aX r pV uP rpV oM se,_  hoM wT evere ,_  its identifi

c
eO re  

end coM d
S
ing cU aX pabilities aX reO  mi oM reO  l

a
i
c
mi i

c
t
R
eO d t

R
h
g
and  in t

R
h
g
e caX se of

h
 

TR
w

IP
r
 oM re  C

]
yZ beO rC

]
oM de.Y  B

n
oM t

R
h
g
 CyberC

]
od

S
e aX nd

S
 AR

w
ToM olKit 

t
R
eO ch

g
noM l

a
oM giesN  pre ovi

c
d
S
eO  aX  h

g
igh d

S
egQ reO e of

h
 locU at

R
i
c
oM n aX ccuP racyZ  

aX nd
S
 wT ork

b
 i

c
nd  re eaX l-t

R
i
c
mi eO . T

f
heyZ  haX ve b

K
eO eO n mai

c
nd ly aX ppV l

a
i
c
eO d to 

t
R
heO  doM main oM f AugmeO nt

R
ed ReO aX l ity, in oM rd

S
eO r t

R
oM  cU orrect

R
lyZ  

re egQ i
c
sN tere  coM mpuP t

R
eO r-syntheO siseO d inf

h
ormi at

R
i
c
oM nd  ond  vW i

c
eO ws of t

R
h
g
eO  

re eaX l wT ore k
b
. H

�
owT evW eO re ,_  theO seO  squP aX re eO  mi aX re kere  t

R
ech

g
nol

a
oM gQ i

c
eO sN  aX reO  

nd oM t aX s eaX si
c
l
a
yZ  idend tifi

c
aX bl

a
eO  asN  TR

w
IP ci

c
re cuP lare  t

R
aX rgQ eO t

R
sN  in 

cU lut
R
t
R
eO reO d enviroM nmeO nts and thereO foM reO  aX reO  lesN sN  sN uP itab

K
leO  foM r 

t
R
h
g
eO  ob

K
j

[
eO cU t locaX t

R
i
c
oM nd  aX nd d

S
 t

R
re ack

b
i
c
nd g d

S
omaX in weO  tare get

R
.Y  

MoM reO oveO r, t
R
heir markeO r geO omeO tricU  feO at

R
uP reO s reO quP ire higher 

i
c
mi aX geO  reO sol

a
uP t

R
i
c
oM n foM re  acU curaX te re ecU oM gQ nitiond  aX nd locU at

R
ion 

eO xtraX cU tion thaX n T
f

RIP
r
.Y   

  B
n

B
n

C
]

’s fre ee-d [2
s
3] l

a
oM caX tiond  sN yZ sN t

R
eO m measN uP res the pV re eci

c
sN eO  

pV oM sition aX nd ore iend tat
R
i
c
oM nd  oM f stud

S
ioM  cU aX mere asN , byZ  usN i

c
nd gQ  aX n 

aX uxiliaX ryZ  cU amera mount
R
eO d oM n the bacU k oM f a coM nventionaX l 

mi oM ving cU ami ere a pV oint
R
i
c
nd gQ  t

R
o ci

c
re cular mi aX rk

b
eO re sN , sN i

c
mi ilare  to 

T
f

R
w

I
k
PcoM desN , fixj eO d oM nd  theO  cei

c
l
a
i
c
nd gQ  of a T

f
V re ecU ore dingQ  sN tudi

c
oM .Y  

A
z

 h
g
aX re dwaX re e i

c
mi plemi end t

R
at

R
i
c
oM nd  of

h
 its aX lgoM re ithmi sN  is neO ed

S
ed

S
 to 

aX ch
g
ievW eO  reO al-t

R
imi eO  videO o pre ocesN sN i

c
nd g. T

f
h
g
e sN yZ sN t

R
eO m is useO d foM r 

vW i
c
re tual real

a
i
c
t
R
yZ  TV

å
 proM ducU tiond ,_  beO ing,_  in coM ntraX sN t

R
 to TR

w
I
k
P,_  

expeO nsi
c
vW eO  and d

S
 cU umi b

K
ere somi eO  t

R
o d

S
epV loy.Y   

  G
 

eoM rgQ iaX TeO cU h’s Cont
R
eO xt Architect

R
uP re pV roj

[
eO ct

R
 [4]

m
 aX ttempV ts 

toM  mak
b
eO  sN end t

R
i
c
eO nt

R
 aX pV pV l icaX tioM nd  devW el

a
oM pV ment aX s si

c
mpV l

a
eO  aX s 

GUI
k
 deO veO lopmi eO nt

R
.Y  F

t
ore  t

R
h
g
aX t i

c
t
R
 intre oduP cU es Cond t

R
eO xj t

R
 W

Ì
idgeO ts 

th
g
aX t seO paraX te cU ond teO xj t

R
 sN eO nd sN i

c
nd g fre omi  cU ont

R
eO xt

R
-uP se.Y  SIF

t
 

abstre acU tiond sN  pre esN eO nd t
R
 ceO re tai

c
nd  reO sN eO mbl

a
aX ncU e to t

R
h
g
e oneO s 

pre opoM sed
S
 by the CoM nt

R
ext A

z
rcU hi

c
t
R
eO ct

R
uP reO . H

�
oM wT evW ere ,_  SIF

t
 

focuP sesN  mi oM re e oM nd  eO ff
h
ici

c
eO nd t

R
 coM ntext i

c
nd f

h
ore mat

R
i
c
oM n 

di
c
sN sN emi i

c
nd aX t

R
i
c
oM nd . M

³
i
c
cU re oM sof

h
t’s E

y
asN yZ L

u
iving [3

v
] pre oj

[
ecU t

R
 cre eaX t

R
eO s 

reaX ct
R
i
c
vW eO  coM ntext-aX waX reO  livingQ  spaX ceO sN  wi

c
t
R
h
g
out

R
 theO  uP sere  

haX vind gQ  t
R
oM  weO aX r any l

a
oM caX tiond  tag oM re  coM mi put

R
i
c
nd gQ  deO vice.Y  

Th
g
ei

c
re  aX pV pV roM aX ch t

R
o t

R
re ack

b
 peO opV l

a
eO  b

K
asN ed

S
 ond  cU olouP re  

hi
c
sN t

R
oM graX ms,_  wT i

c
t
R
h
g
oM ut reO qui

c
re ingQ  theO  user to weO ar and y mi aX rk

b
eO re ,_  

haX s mucU h heavW i
c
eO re  cU omi pV utat

R
i
c
oM nal d

S
eO mi aX nd

S
sN  aX nd

S
 pre oduP cU eO s 

less re el
a
i
c
aX bl

a
eO  re esN uP lts t

R
haX n T

f
RIP

r
. A

z
T
f

&T’s S
\

eO ntieO nt 
Comi pV uP ting proM j

[
ecU t [1]

m
 aX i

c
msN  to reO placeO  h

g
uP mand  cU omi pV uP tere  

di
c
re ecU t int

R
eO raX ct

R
ion (t

R
h
g
roM uP gh moM uP se oM r keO yboard

S
)
`
 by 

end ab
K
l ing usersN  t

R
o i

c
nd sN teaX d i

c
nd tere acU t

R
 wT ith t

R
h
g
ei

c
re  sN uP re roM und

S
i
c
nd g 

spV aX ce based
S
 ond  theO  pV re ecU i

c
sN eO  l

a
oM cU aX tiond  and d

S
 oM re iend tat

R
i
c
oM n 

pre ovi
c
d
S
eO d

S
 b

K
yZ  t

R
h
g
eO  A

z
ct

R
i
c
vW e B

n
at Locat

R
i
c
oM n SyZ sN t

R
eO mi .Y  Thi

c
sN  cU ond cU ept 

haX s beend  i
c
l
a
l
a
uP straX ted

S
 wT ith sevW ere al

a
 sN oM pV hist

R
i
c
cU at

R
eO d seO ntient 

apV pl
a
i
c
cU at

R
i
c
oM ns [7

{
]
m
.  

8
Ñ

.A  F
Ò

uH rE t
D
h

Ó
e� rE  W

Ð
oF rE k

Ô
 a} nC d

G
 CoF nC cI l

I
uH s� i

J
oF nC  

 
  Thus faX r,_  only the eO nt

R
ity preO sN eO nceO  identificaX t

R
ion cU apV aX bility 

of TRIP hasN  beO en eO xploM it
R
ed. Fut

R
ureO  woM rk will aX d

S
d
S
resN sN  t

R
heO  

creO at
R
ion oM f sN eO ntient

R
 apV pV licU at

R
ioM nsN  that

R
 maX keO  useO  of t

R
heO  3

v
D 

locat
R
ion aX nd orieO nt

R
atioM n infoM rmat

R
ioM n aX lso provided b

K
y 

TRIP.Y   
  P

r
reO sN eO nt

R
l
a
yZ ,_  wT e aX reO  work

b
i
c
nd g ond  t

R
h
g
e i

c
d
S
eO aX  of

h
 mi ak

b
i
c
nd g sentient 

apV pli
c
cU at

R
i
c
oM n cU reO ation f

h
eO asN i

c
b
K
le evW eO nd  foM re  cU oM mi pV uter i

c
l
a
l
a
i
c
t
R
eO raX t

R
eO  

usN eO rsN . We b
K
el

a
i
c
eO veO  it i

c
s k

b
eyZ  th

g
eO  invW oM l

a
vW emi eO nd t

R
 of

h
 end d

S
-uP sN eO re s ind  

theO  deO fi
c
nd ition oM f re ules thaX t deO limit t

R
h
g
eO ir exj pV ecU tat

R
ionsN  f

h
roM m 

theO  reO acU t
R
i
c
vW eO  enviroM nmeO nt

R
. Ond l

a
yZ  i

c
nd  this waX yZ ,_  sentient 

syst
R
ems wT il l reO sN pV oM nd t

R
oM  usN eO rsN  wi

c
t
R
h
g
 theO  ri

c
gQ ht aX ct

R
i
c
oM ns aX t theO  



 

ri
c
gQ h

g
t ti

c
me,_  satisfyZ i

c
nd gQ  eO nd d

S
-uP sN eO re  i

c
nd d

S
ividuP aX l

a
 neO ed

S
s and d

S
 

mak
b
ing i

c
nd tere acU tiond s moM re e sat

R
i
c
sN f

h
act

R
oM re yZ  aX nd uP ndi

c
sN re upt

R
i
c
vW eO .Y  

OuP r ongQ oM ing reO seO arch pV roM pV oses t
R
he asN sociat

R
ioM n oM f evW ery 

useO r i
c
nd  a send tiend t end viroM nd mend t wi

c
t
R
h
g
 aX nd  E

y
vend t-C

]
ond d

S
ition-

AcU tiond  A
z

gent, E
y

C
]

A
z

gend t i
c
nd  shoM re t. EC

]
A
z

gend ts emboM d
S
y a set 

of s% i
"
t! u- ation/ -ac) tion/  re ulesN  t

R
h
g
at

R
 gQ oM vW ere n the i

c
nd tere acU t

R
i
c
oM nd s oM f the 

useO r wT ith aX  SeO nt
R
ieO nt

R
 S

\
paX ceO .Y  Some proM greO ssN  haX sN  aX lreO ady 

beend  dond e i
c
nd  theO  aX utomi aX tic coM de gend ere at

R
i
c
oM n oM f

h
 theO se 

ECAgQ ent
R
sN  gQ ivW en aX  set

R
 oM f IF-THEN

�
 ruP lesN  spV eO cU ifieO d byZ  the 

useO r. A
z

 keO y f
h
eat

R
uP re e oM f ouP re  apV proM acU h is that

R
 wT e maX p t

R
he uP sN eO re  

inpuP t
R
 re uP lesN  i

c
nd t

R
oM  aX  pV re od

S
uP ct

R
i
c
oM n sN ysN temi sN ’ proM graX mmi i

c
nd g 

land guage’sN  ruP lesN ,_  C
]

L
u

IP
r

S [15
x
]
m
 sN pV ecU ifi

c
cU ally. Th

g
i
c
sN  ruP lesN  are e 

passed
S
 to aX  CLIP

r
S
\

 i
c
nd f

h
ere eO nce eO ngi

c
nd eO  eO mbeO dd

S
eO d i

c
nd  eO aX ch

g
 

agQ eO nt
R
 t

R
haX t

R
 und

S
ertakeO sN  theO  ruP leO -b

K
asN eO d

S
 reaX soning. The moM sN t 

ch
g
al

a
l
a
eO ngQ i

c
nd g part

R
 oM f

h
 thi

c
sN  wT ork

b
 aX ppV eaX rsN  t

R
oM  b

K
e t

R
h
g
eO  deO sigQ nd  oM f a 

GU
�

I t
R
h
g
aX t

R
 eO naX blesN  the cre eaX tiond  of gQ eO nd eO ri

c
cU  eO vent coM ndi

c
t
R
ioM nd  

acU tiond  re ulesN . 
  TR

w
I
k
P i

c
sN  aX  nd oM vel

a
 cU osN t

R
-ef

h
feO cti

c
ve aX nd

S
 eO aX sily deployZ aX ble 

locaX t
R
i
c
oM nd  sN eO nd sN oM r tecU hnd oM logQ yZ .Y  T

f
his sN end sor’s oM f

h
f-theO -sN h

g
eO l

a
f
h
 

hard
S
wT are e re equi

c
re emi eO nd t

R
sN ,_  i.eO .Y  i

c
nd exj pV end sive C

]
C
]

D
q

 cU aX mere asN  aX nd d
S
 

CPU
�

 proM ceO sN sN ingQ , maX kes t
R
he cU reO atioM n of loM cU aX tion-awT are 

reO acU ti
c
vW eO  end viroM nd mend ts, eO vW eO n in t

R
h
g
eO  hoM mi eO ,_  and  af

h
f
h
ore dable 

proM posN i
c
t
R
i
c
oM n. Al

a
l
a
 that

R
 is reO qL uP ireO d t

R
oM  aX ugQ mi eO nd t

R
 aX  sN t

R
aX nd

S
aX re d

S
 PC 

wi
c
t
R
h
g
 visuP aX l aX ware end esN sN  is aX  web

K
-caX mi  and d

S
 TR

w
I
k
P’sN  sof

h
twaX reO . 

SI
k
F isN  aX nd  aX ppV l

a
i
c
caX tion cU onsN t

R
re ucU tion moM d

S
el

a
 th

g
aX t eaX seO s the 

devW el
a
oM pment oM f

h
 sN eO nsN oM r-d

S
re iven sN yZ sN t

R
eO msN  aX nd

S
 ef

h
fi

c
cU iend tly 

mand ipul
a
aX tesN  aX nd d

S
 d

S
isseO minaX tesN  cU oM nd t

R
exj t

R
 i

c
nd f

h
ore mat

R
i
c
oM n. 

LocU AL
u

E i
c
sN  aX n obj

[
eO ct

R
 lifeO cU ycl

a
eO  aX nd d

S
 l

a
oM cU ati

c
on coM nd troM l

a
 

midd
S
l
a
eO waX reO  that sN t

R
re eaX mi l

a
i
c
nd eO sN  useO r-b

K
ound d

S
 sN eO rvW icU eO  aX ctivat

R
i
c
oM n, 

migraX t
R
ioM nd  aX nd

S
 d

S
eaX ctivat

R
i
c
oM n. I

k
n addi

c
t
R
i
c
oM nd , it

R
 peO rmi i

c
t
R
sN  

apV pV licaX t
R
i
c
ond  deO veO lopeO rsN  toM  reO usN eO  t

R
h
g
e spaX reO  nd et

R
wT ork

b
ed

S
 

coM mi put
R
i
c
nd gQ  re esN oM urcU eO s i

c
nd  aX  L

u
A
z

N
�

. LocU AL
u

E cU omi pV lemi eO nd t
R
sN  

TRIP
r

‘ s gQ oM al
a
 oM f mi inimisN i

c
nd gQ  theO  invW eO stmeO nt

R
 cU osN t

R
 aX nd

S
 

depV loyment coM mpl
a
eO xi

c
ty in t

R
heO  coM nst

R
re uct

R
ioM n of

h
 sN end t

R
iend t

R
 

spaceO s. A cU oupV l
a
eO  of TR

w
I
k
P
r

-end ab
K
led

S
 appl

a
i
c
cU at

R
i
c
oM ns havW eO  beend  

il
a
lustraX t

R
eO d to vW al

a
i
c
d
S
at

R
eO  oM ur cU ond t

R
re ibuP t

R
i
c
oM ns. 

 
AcI knoF w" le� d

G
gÕ e� me� nt

D
s�  

 
  TheO  auP t

R
hor isN  veO ryZ  graX tefuP l toM  theO  DepartmeO nt

R
 of 

EduP cU ation oM f t
R
heO  BaX squP eO  G

 
overnment

R
 for theO  fuP ndingQ  of 

his PhD stuP d
S
iesN  aX nd

S
 to AT&

Ö
T Lab

K
oraX t

R
oM ries Camb

K
rid

S
gQ e for 

sponsN oring t
R
he TRIP proM j

[
ecU t. Thanks aX reO  alsN oM  d

S
uP e to R.Y S. 

S
\

oM han for hisN  heO lp in t
R
he deployZ meO nt of the TRIP system 

t
R
hroM uP ghoM uP t t

R
he LCE laX boM ratoryZ  and

S
 t

R
oM  K.Y  S

\
aX nmuP gQ alingQ am 

for pV roM oM f-reO ad
S
ing this articleO .Y  

 
R

×
e� f

J
e� rE e� nC cI e� s�  

 
[1] AT&T Lab

Ø
orat

Ù
ories Camb

Ø
ridge, “Sent

Ù
ient

Ù
 CompÚ uÛ t

Ù
ing Home 

P
Ü

age”, 2001, h
Ý

t
Ù
t

Ù
pÚ :/

Þ
/

Þ
www.uÛ k

ß
.rà esearà ch

Ý
.at

Ù
t

Ù
.com/

Þ
spÚ i

á
rà i

á
t

Ù
/

Þ
 

[2] B
â

rà ownã  P
Ü

.J
ä
., B

â
oveyå  J

ä
.D

æ
. anã d Ch

Ý
enã  X

ç
. “Conã t

Ù
exè t

Ù
-awarà e 

A
é

pÚ pÚ li
á
cat

Ù
i

á
onã s: frà om t

Ù
h

Ý
e L

ê
ab

Ø
orà at

Ù
orà yå  t

Ù
o t

Ù
h

Ý
e M

ë
arà k

ß
et

Ù
pÚ lace” , I

ì
E

í
E

í
E

í
 

Personal CommuÛ nicat
Ù
ions, 4(5), pÚ pÚ . 58-64, 1997 

[3] BruÛ mit
Ù
t

Ù
 B., Meyå ers B., KruÛ mm J

ä
., Kern A., Shafer S. 

“Easyå Living: Technologies for Int
Ù
elligent

Ù
 Environment

Ù
s", 

Hanã dh
Ý

eld anã d U
î

b
Ø

i
á
quÛ i

á
t

Ù
ouÛ s CompÚ uÛ t

Ù
i

á
nã g, SepÚ t

Ù
emb

Ø
erà  2000 

[4
ï

] D
æ

eyå  A
é

.K., Salb
Ø

erà  D
æ

., F
ð

uÛ t
Ù
ak

ß
awa M

ë
. anã d A

é
b

Ø
owd G. “A

é
nã  

arà ch
Ý

i
á
t

Ù
ect

Ù
uÛ rà e t

Ù
o suÛ pÚ pÚ orà t

Ù
 conã t

Ù
exè t

Ù
-awarà e apÚ pÚ li

á
cat

Ù
i

á
onã s” , 12t

Ù
h

Ý
 

AnnuÛ al ACM Syå mpÚ osiuÛ m on U
î

ser Int
Ù
erface Soft

Ù
ware and 

Technologyå , 1999 
[5] Forsyå t

Ù
h D., MuÛ ndyå  J

ä
.L., Zisserman A., Coelho C., Heller A. 

anã d R
ñ

ot
Ù
h

Ý
well C. “ I

ì
nã varà i

á
anã t

Ù
 D

æ
escrà i

á
pÚ t

Ù
orà s forà  3-D

æ
 Ob

Ø
j

ò
ect

Ù
 

R
ñ

ecognã i
á
t

Ù
i

á
onã  anã d P

Ü
ose”, I

ì
E

í
E

í
E

í
 T

ó
rà anã sact

Ù
i

á
onã s onã  P

Ü
at

Ù
t

Ù
erà nã  

Analyå sis and Machine Int
Ù
elligence, V

ô
ol. 13, N

õ
o. 10, pÚ pÚ . 971-

991, Oct
Ù
ob

Ø
er 1991 

[6] Harà t
Ù
erà  A

é
. anã d HopÚ pÚ erà  A

é
. “A

é
 D

æ
i

á
st

Ù
rà i

á
b

Ø
uÛ t

Ù
ed L

ê
ocat

Ù
i

á
onã  Syå st

Ù
em forà  

t
Ù
h

Ý
e A

é
ct

Ù
i

á
ve Offi

á
ce”, I

ì
E

í
E

í
E

í
 N

õ
et

Ù
worà k

ß
, V

ô
ol. 8, N

õ
o. 1, J

ä
anã uÛ arà yå  

1994
ï

 
[7] Hart

Ù
er A., HopÚ pÚ er A, St

Ù
eggles P., W

ö
ard A. and W

ö
eb

Ø
st

Ù
er P. 

“The Anat
Ù
omyå  of a Cont

Ù
ext

Ù
-Aware ApÚ pÚ licat

Ù
ion” , Proceedings 

of MOBICOM’99, Seat
Ù
t

Ù
le, AuÛ guÛ st

Ù
 1999 

[8] HopÚ pÚ erà . A
é

. “T
ó

h
Ý

e Cli
á
fforà d P

Ü
at

Ù
erà sonã  L

ê
ect

Ù
uÛ rà e, 1999, Senã t

Ù
i

á
enã t

Ù
 

CompÚ uÛ t
Ù
i

á
nã g”, P

Ü
h

Ý
i

á
losopÚ h

Ý
i

á
cal T

ó
rà anã sact

Ù
i

á
onã s R

ñ
oyå al Soci

á
et

Ù
yå  

London. A (2000) 358, 2349-2358. 
[9] Kat

÷
o H. anø d B

ù
i

ú
lli

ú
nø gh

û
uü rý st

÷
 M

þ
.. “M

þ
arý k

ÿ
erý  T

�
rý ack

ÿ
i

ú
nø g anø d HM

þ
D

�
 

Cali
ú
b

�
rý at

÷
i

ú
onø  forý  a V

�
i

ú
deo-b

�
ased A

�
uü gmenø t

÷
ed R

�
eali

ú
t

÷
y�  

Conferencing Sy� st
÷
em”, Proceedings of t

÷
he 2nd

�

 Int
÷
ernat

÷
ion 

W
�

orkshop	  on Auü gment
÷
ed Realit

÷
y� , p	 p	 . 85-94, Oct

÷
ob

�
er 1999 

[10] Korkea-aho M. “Cont
÷
ext

÷
-Aware Ap	 p	 licat

÷
ions Suü rvey� ” , 

I


nø t

÷
erý nø et

÷
worý k

ÿ
i

ú
nø g Semi

ú
nø arý  (T

�
i

ú
k

ÿ
-110.551), Helsi

ú
nø k

ÿ
i

ú
 U

�
nø i

ú
verý si

ú
t

÷
y�  

of T
�

ech
û

nø ology� , 2000. 

[11] L
ê

ópÚ ez de I
ì
pÚ i

á
ñ

�
a D

æ
. anã d L

ê
o S. "L

ê
ocA

é
L

ê
E

í
: a L

ê
ocat

Ù
i

á
onã -A

é
warà e 

L
ê

i
á
fecyå cle E

í
nã vi

á
rà onã menã t

Ù
 forà  U

î
b

Ø
i

á
quÛ i

á
t

Ù
ouÛ s CompÚ uÛ t

Ù
i

á
nã g", 

P
Ü

rà oceedi
á
nã gs of t

Ù
h

Ý
e 15t

Ù
h

Ý
 I

ì
nã t

Ù
erà nã at

Ù
i

á
onã al Conã ferà enã ce onã  

I
ì
nã forà mat

Ù
i

á
onã  N

õ
et

Ù
worà k

ß
i

á
nã g (I

ì
COI

ì
N

õ
-15), F

ð
eb

Ø
rà uÛ arà yå  2001 

[12] LópÚ ez de IpÚ iña D. “TRIP: a Low-Cost
Ù
 V

ô
ision-Based 

Locat
Ù
ion Syå st

Ù
em for U

î
b

Ø
iquÛ it

Ù
ouÛ s CompÚ uÛ t

Ù
ing” , suÛ b

Ø
mit

Ù
t

Ù
ed t

Ù
o t

Ù
he 

2001 W
ö

orà k
ß

sh
Ý

opÚ  onã  P
Ü

erà cepÚ t
Ù
i

á
ve U

î
serà  I

ì
nã t

Ù
erà faces, N

õ
ovemb

Ø
erà  

2001. 
[13] LópÚ ez de IpÚ iña D., ”TRIP: A Dist

Ù
rib

Ø
uÛ t

Ù
ed vision-b

Ø
ased 

Sensor Syå st
Ù
em”, Lab

Ø
orat

Ù
oryå  for CommuÛ nicat

Ù
ion Engineering, 

Camb
Ø

ridge, Technical RepÚ ort
Ù
, SepÚ t

Ù
emb

Ø
er 1999 

[14
ï

] M
ë

orà anã  T
ó

.P
Ü

., SauÛ nã d E
í

., V
ô

anã  M
ë

elle W
ö

., GuÛ j
ò
arà  A

é
.U

î
., F

ð
i

á
sh

Ý
k

ß
i

á
nã  

K.P
Ü

. anã d B
â

.L
ê

. Harà rà i
á
sonã . “D

æ
esi

á
gnã  anã d t

Ù
ech

Ý
nã ologyå  forà  

Collab
Ø

orage: collab
Ø

orat
Ù
ive collages of informat

Ù
ion on 

pÚ hyå sical walls” , Proceedings of t
÷
he 12t

÷
h annuü al ACM 

sy� mp	 osi
ú
uü m onø  U

�
serý  i

ú
nø t

÷
erý face soft

÷
warý e anø d t

÷
ech

û
nø ology� , 

N



ovemb
Ø

erà  1999 
[15] N

õ
A

é
SA

é
, “CL

ê
I

ì
P

Ü
S: A

é
 T

ó
ool forà  B

â
uÛ i

á
ldi

á
nã g E

í
xè pÚ erà t

Ù
 Syå st

Ù
ems”, 

ht
Ù
t

Ù
pÚ :/

Þ
/

Þ
www.ghg.net

Ù
/

Þ
clipÚ s/

Þ
CLIPS.ht

Ù
ml, AuÛ guÛ st

Ù
 1999 

[16] Ob
Ø

j
ò
ect

Ù
 Management

Ù
 GrouÛ pÚ , “Trading Ob

Ø
j

ò
ect

Ù
 Service 

SpÚ ecificat
Ù
ion” , Mayå  2000 

[17] Ob
Ø

j
ò
ect

Ù
 M

ë
anã agemenã t

Ù
 Grà ouÛ pÚ , “N

õ
ami

á
nã g Serà vi

á
ce 

SpÚ eci
á
fi

á
cat

Ù
i

á
onã ” , F

ð
eb

Ø
rà uÛ arà yå  2001 

[18] Ob
Ø

j
ò
ect

Ù
 Management

Ù
 GrouÛ pÚ , “N

õ
ot

Ù
ificat

Ù
ion Service” , 

N
õ

ovemb
Ø

er 1998 
[19] Ob

Ø
j

ò
ect

Ù
 M

ë
anã agemenã t

Ù
 Grà ouÛ pÚ , “T

ó
h

Ý
e Commonã  Ob

Ø
j

ò
ect

Ù
 R

ñ
equÛ est

Ù
 

B
â

rà ok
ß

erà  A
é

rà ch
Ý

i
á
t

Ù
ect

Ù
uÛ rà e: A

é
rà ch

Ý
i

á
t

Ù
ect

Ù
uÛ rà e anã d SpÚ eci

á
fi

á
cat

Ù
i

á
onã ” , Oct

Ù
ob

Ø
erà  

1999 
[20] Rekimot

Ù
o J

ä
. and Ayå at

Ù
suÛ ka Y. “Cyå b

Ø
erCode: Designing 

AuÛ gment
Ù
ed Realit

Ù
yå  Environment

Ù
s wit

Ù
h V

ô
isuÛ al Tags”, 

Proceedings of DARE 2000, 2000 



 

 [21] Salb
Ø

er D., Deyå  A. K. and Ab
Ø

owd G. D. “The Cont
Ù
ext

Ù
 

Toolkit
Ù
: Aiding t

Ù
he DevelopÚ ment

Ù
 of Cont

Ù
ext

Ù
-Enab

Ø
led 

A
é

pÚ pÚ li
á
cat

Ù
i

á
onã s” , P

Ü
rà oceedi

á
nã gs of CHI

ì
'99, M

ë
ayå  1999 

[22] St
Ù
afforà d-F

ð
rà aserà  J

ä
.Q anã d R

ñ
ob

Ø
i

á
nã sonã  P

Ü
. “B

â
rà i

á
gh

Ý
t

Ù
B

â
oarà d: A

é
 

V
ô

i
á
deo-A

é
uÛ gmenã t

Ù
ed E

í
nã vi

á
rà onã menã t

Ù
” , P

Ü
rà oceedi

á
nã gs of Conã ferà enã ce 

on HuÛ man Fact
Ù
ors in CompÚ uÛ t

Ù
ing Syå st

Ù
ems (CHI96), ApÚ ril 

1996 
[23] Thomas G. A., J

ä
in J

ä
., N

õ
ib

Ø
let

Ù
t

Ù
 T., U

î
rquÛ hart

Ù
 C. “A versat

Ù
ile 

camerà a pÚ osi
á
t

Ù
i

á
onã  measuÛ rà emenã t

Ù
 syå st

Ù
em forà  vi

á
rà t

Ù
uÛ al rà eali

á
t

Ù
yå  i

á
nã  T

ó
V

ô
 

pÚ rà oduÛ ct
Ù
i

á
onã ” , P

Ü
rà oceedi

á
nã gs of I

ì
B

â
C’97, pÚ pÚ . 284

ï
-289, SepÚ t

Ù
emb

Ø
erà  

1997 
[24] Tsai R. Y. "A versat

Ù
ile Camera Calib

Ø
rat

Ù
ion TechniquÛ e for 

Hi
á
gh

Ý
-A

é
ccuÛ rà acyå  3-D

æ
 M

ë
ach

Ý
i

á
nã e V

ô
i

á
si

á
onã  M

ë
et

Ù
rà ologyå  U

î
si

á
nã g Off-

t
Ù
h

Ý
e-Sh

Ý
elf T

ó
V

ô
 Camerà as anã d L

ê
enã ses", I

ì
E

í
E

í
E

í
 J

ä
ouÛ rà nã al of R

ñ
ob

Ø
ot

Ù
i

á
cs 

anã d A
é

uÛ t
Ù
omat

Ù
i

á
onã , vol. R

ñ
A

é
-3, nã o. 4

ï
, pÚ pÚ . 323-34

ï
4

ï
, A

é
uÛ guÛ st

Ù
 1987. 

SouÛ rce code at
Ù
: ht

Ù
t

Ù
pÚ :/

Þ
/

Þ
www.cs.cmuÛ .eduÛ /

Þ
afs/

Þ
cs.cmuÛ .eduÛ /

Þ
uÛ ser/

Þ
 

rgw/
Þ
www/

Þ
TsaiCode.ht

Ù
ml 

[25] W
ö

ant
Ù
 R., HopÚ pÚ er A., Falcão A. and Gib

Ø
b

Ø
ons J

ä
. “The Act

Ù
ive 

B
â

adge L
ê

ocat
Ù
i

á
onã  Syå st

Ù
em”, A

é
CM

ë
 T

ó
rà anã sact

Ù
i

á
onã s onã  I

ì
nã forà mat

Ù
i

á
onã  

Syå st
Ù
ems, V

ô
ol. 10, N

õ
o. 1. 91-102, J

ä
anã uÛ arà yå  1992 

[26] W
ö

ard A., J
ä
ones A. and HopÚ pÚ er A. “A N

õ
ew Locat

Ù
ion 

TechniquÛ e for t
Ù
he Act

Ù
ive Office” , IEEE Personal 

CommuÛ nã i
á
cat

Ù
i

á
onã s, Oct

Ù
ob

Ø
erà  1997, pÚ pÚ . 4

ï
2-4

ï
7 

[27] W
ö

ei
á
serà  M

ë
. “T

ó
h

Ý
e CompÚ uÛ t

Ù
erà  forà  t

Ù
h

Ý
e 21s� t

�
 Cenã t

Ù
uÛ rà yå . Sci

á
enã t

Ù
i

á
fi

á
c 

A
é

merà i
á
canã , 265(3):94

ï
-104

ï
, SepÚ t

Ù
emb

Ø
erà  1992 

 
 
 
 


