ETH

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

"HS H#HN%&

) )

) 20 +3 4
((C 5 ) 20+,/ 10






)+

+5

[+




#+



ERREBEERERERE AR VA A AN A A A A SRR RN RN

SRR AR AR AR RSN AR,

$EEFSTHISETSTEISEE ST ST ST S S FHHHEHHBSES S ST LIS S SIS TS ST S

#

##

%

+#
+@
+$
+&
+D

#+
H#
#+@
#+$
#H+&

@+#
@+@
@+$
@+&
@+D

$+
$+#

PEEISTHSTEISTESSES ST ST SSHS H

$EEFSTHITEISTEISEFSTESSES ST ST THHF ST ST ST S SIS ST ST ST S

S AERRRERERRRRARRR AR RN

$EEISTHITEIFTEITEISTEIS PSS S HHHHPHH LIS ST LIS PSS SIS TS SSH

AL $EEPSEISTESTEISSESSSS %%

B B L B L L e

o L S I
L  a o
) o L o o o o S T T O O

T L L L L a2 T T S T L e S S S

e e o o L

ERLEERERREEAE BTN AN A AR N A AN N ARSI

0, +++++++++++++t+ -ttt D R

L
e

I e O

L L B a L

PEEISTPTEISTESSESS PEEPTEISTESTEISTEISESSSS &%

o S L
L o

/ ++++++++ -+ e
T
S L L L e o S

L e

$88$$ $SEHISESTH$SEH$S &/

L R e e s o o T

e L L o



&+
&+
&+@
&+$
&+&
&+D

D+
D+#
D+@
D+$
D+&
D+D

E+
E+#
E+@
E+$

F+
F+#
F+@
F+$
F+&
F+D

*

#

1+#
1+@

7+
T+#

#  0# RARERRAAAY PEEHPTEISTESTEESSHHS &*

8 L B e S A
O L L S S 108 (1 72 g S S Ao S
L) R R R R @ @

(¢ 1> Lo S S S Ao

5 S o (2 1 o S H A S A Ao

8 ) o o S S
# 0 SRR PEPETSPEPSS.&

8 e S o

- e L

6 L e

6 ++ s S L Y

S n L S

L e O

PEEISTHITEFSTESSEESTEE ST S SIS THES S ST ST ST STESSEESS$SESS ()

< | ++++++tttttt bbb+ L
e s S
/ L L

e o B 3 B

$EEHSTHISESSTESTESTESSTE ST S S S HHEFHHB S ST ST LSS TS SIS TS S SSHS/

8 L
( e B
8 T
J S L

L B S S S O o

o S e o . S I

PEEITTIPTISTESTEISTEPSEISTEST ST PSSP EISTEISEISTEISESSTEISESSSHS/

W NN

SRR RN

ERRERRRERRERRRRRRRARRAN RN,

NN

PSS 555555588 1%

, RARERREEARERRRRRRRAR AN

el
DD

R S B = Y B
o e
(e S

ERNERRREREEARER RN A A A A

( o S O T S S T S T o S A S S S R

o L e = SR S Ao

d
v

$EESSEHFSESSTESSESSTES TS ST S S S B

BSESSE$$5 1)
D



8+
8+#
8+@
8+$

+#
+@
+$

3+
3+#

(o]

o O

S L L Y

B T e L L e S S

B o I o = o

L L e o T 1 o B o Y

3 PSTEFSTEEFSTEIFSTEIISTEIFSE  PEHISTEE$SEEHS)&
, RN $$SE$3)’

S L L e o S (1 o A
R o S
<) 8  Hhttttttttttt bbb

e

, #t RN $)/
2 ERNERRRERRRRARRRRRAN $SPEH$$8S)*

L L L L = o L

B o - S S ST IS S A



H#

#-2 e e I T S L L L
#-#2 0, ++++++ L L
#-$2 8 / ++++++++ e+ H

@-2 + ! l+++++++ #

@-#2 ++++++++++H+ L o BT 2 (o S B S
$-28 +++++++t -+ L L e
$-#2 - T O e O o A =
&-2 o L e T o o L O o o T O R S S A
&-#2 ) At A a2 L B B o (€ 2w e S
&-@2 +++++H ++++++ bbb @ E
&-$2 +++++t s e a2 L B B Ll (3 1 L L
D-2 - ++t+++++++ a2 L B B L
D-#20 +++++ . 2 B L B B
D-@2 / (- e e e o O B o S e e e S
-2/ = +++++++ E@

-#2 8 ++++++++++++++++++ FE

-@28 +++++++++ e FE



#-2
@-2 "))

&2 0
&#2 0
&@2 , )
&$2 )
3
&&2 )
&D2 , )
&E2
&F2 1
&-H2
& %25
& 25
& #28 -
& @28 -)
& $28 -
& &28 )
D-2 0 -
D#2 0 -

D-@2 0 -

D-$2
D-&2
D-D2
D-E2
D-F2

O O o o ©
1

D-H2 0 -

D-%20 -
@

K

0, ++++

/7

/ 8%+&
/7
/7

++++++++++

o B L L I
o 1 L T O O
a0 L =
e e o
e o o S S U
3+ttt @$

/

L L L L L

| 8%+&
/ #-
I7
1 7
| 8%+&
17
! $+&

b+

6

i L I i - o O B
(( ++++++++tttttttt 4+ @D
i L L
T L I L N 2 2 (©))
-+
A L I i o

. o o

|7 I ++4++++ 4+ H4 S
/7 | ++++++++++++++++++$

17 I+ S
|7 I +++++++++ 4+ $

[ L O S S A S S

0,78

L L L e

6

0,78 -

B S

0,L7
o,L7
0,L7
0,L7

0,L7IM K1!

8 |+ttt SE
I+ )/ ++++++++$H
IM K1! +++++++++++++++++++++H+ 4+ S

M K1! ++++++&%

)

I I L e

0,L7

IM K1!
L

)

L B S



D- 20 - )

E +H+++ A
D-#25 / - I T L B LI Bt o O o o o o o 1S
D- @2 / - I A B B e B o o o 1S
D-%$20 / - T o L a1
D-&2, ) / - +++++H R
D-D25 / - +++++++++++H+H+H R &D
D- E2 / - +++++++++++H+H D
D-F20 / - ++++++++H A &D
D-H2, ) / - ++++++++HH A &E
E-2 | +H+++++H+H+ +++++++H G

E-#2 J 1 +++++tt b+ 132 R S S ST T

%



%

%$%6
+ /
) )+
) )
) +(
) ) .5 N
1
) N#O N@O N$
%$& 2
/ )
+l
2
) )
"1
A )
G )
) ) +
)
+= /

1
))
)
1 1+
1 +
) ) +
)
N&O+ NDO



%3,

) 1
1 2
< % )
13) ) )
) )
[ )
) | <)
1 +
/ NEO+
< H$& ( (P /
)
1
1 NFO+ B C
5 7 NHO ( 5 N%O < <
1 N O+, 6 8 )
=) 0 / 8,=0! N #O+
( 6 A A )
+
1
"
1 1 )
+
J
) 17 / )
) ) 1 )
1 +
)
B C+
/ 7 N @O+
1 + )



+

NDO N$O N&0O NDO NEO NFO+

[+ )
N@O

N DO+

)
NHO N#%0 N#O+<

)

+( A

) +<

N FO+ )



%$/ ’

) +, ) 1
) 6 +
1 1) 1
+,
/ + ) [ )+
+7 1 +
/
) 1 +
B / C 2
) +
I+ < /
) +
4 -
) + + N##O!+ ) - )
+ NDO NEO
6 )
0,+ ) ) +
NDO 6 ) ) 1
) +J ' / N &0
6 )+
+
) - /
+ )
) + 6 +

8 @+@+



F1A D

L) %%

& %0

QH% A % !
QH% A % !




&$%

5D%%%5 ) )
$%% (A =(

7 /888 N#@O

5 /SR
=( $%% (A
D$(7 =,
D$(7  -="(
$ ) D&l
= $F%/D$% 0 /
@E1 R<=>1 )
97

, +#!
- < F%#+ 1<5,J

5 -75%H &%% , !
2 &D/F% /#
< 2 +#F% +

& %0 # #



&$&

2, P5#%# Vi# !
- 2 %%A
A 2D%
2 @+%/ #+& [ %+D
2F+ !
2 #%+&
2Q@% #%

+@ / +% [ %+#& !




) )

(P@#F' ) (,PFFF%!
S #)+ & #+& | %+$  #1
) = HO#
+ 0,
) + —HO#
=/K | )
+
T
8SS
+
&$'
F1A $$+1A+ 6
)
+8 )
8(- &
8
@&%.%%% | 8(" + )
0 ) +
) U3, D$%/$F%

-+

FooW )

/

=#$ ! =#Q# ) )

S@+&
| %+# 1+
1 08
) ) )
) -
N#$0+
F1A +o-
)
+, -
/
8 ,3%D
) +
) )
$F%/$F%+



CE-AG06

DIGITAL CAMERA

&.0 #
&$. + ##
G 305 < )
FY%o#+ 1+ ) %% o+
1 +J 1 (.8
/ G - 1-
+
: < 1 F9%#+ -
+) -
- ) +
6 +
&$( #
01



&&% E+#U!+ E+#) &) / )
5(EF%&8 +, ) F@

#%



Signal Recorder

Setup MW ﬁclasmg Classx]j

Enter name, select sensors, click start!

Iname

r Sensors

MiTes l charnel |5— E channel |_9— ‘
ﬁ. channel I‘— r channel [‘— ;

|

|

E. Audio p Camera every |50  sec
r_ shutter polling
E WiF1 [_ Skip MITe calibration - i

r Calibrate MITes l [ Jaunch server - |

Start [ Stop |

ﬂ bl ;m Q@@EHIZMA‘%

'%0 7 $ HE RS

preClassify | Classi .)

C4.5

Posture: Istand IStand

Everts  {no event Ino event

Speech: |other speaker |me speaking

Location |office loffice

(from WiF1)
Current networks

blackeye 00:12:17:71:5E:92
media lab 802.11 00:02:2D'08:13:C7

Start ‘ ‘ : .smp 3 l :
B . QD EIR1211AM

# ;<

1+
809 -



'$&

#%

R5

1+

#H



1/ 1+ ' +

+" +
< / )
+ +
1 1
+
+ #% 1
) ) + )
1 +
B )C 1-
K- 1 +
Offline An “°tati°n v2, by Mark Blum (c) 2005 MIT Media Lab session name: sundayl local path: x:\DiarysppDatah2g_MITes\sunday1
Location: Speech (4sec): Posture; Event:
€ Don't know Mo event
© Office Mo Speech CLying & Fating
 Home © Me speaking & Sitting C Typing
& Qutdoors & Other speaker © Standing ¢ Shaking hands
© Indoors  Clapping hands
 Distant voices  wWalking
© Subway © Loud crowd € Running  Driving
€ Car © Speech, but  Biking € Brushing teeth
none of the above
© Street  Doing the dishes
Current timestamp: 1073901430 € Shop € Manipulation
Current clip: 50 - labelled!
Clips in this data set: 228 © Restautant R
Clips labelled: 119
W confident ¥ confident W confident W confident

Goto clip:
el o Wi Interesting? @ MNo ©Yes Music: # MNo ©Yes

Comments:
|eanng burger atabbg

Owerwrite Label Generate Output

'&0 #

#@



'$(

'$/

%

SK- #

#$

+9

#$



XX

XXX,

F& #%
#D+& #
D H
H# F
0% F
$% $
& D
#% $
@D JK,
1 @ JK,
1 H JK,
#% JK,
# JK,
F XXX
!
1 H XX
@
FFD &$
H &#
1 @% #
$
1 EH H
%P0% E#
H# %
#D @@
1 H X
D X
) @@ $
F #
#
'%03" "
+
)
+J)
+ +
+ )-
61

#&



$%

)

#

)+

+7

#D



] 0 B C
: . B C
) 8
: ( B C
< Lol 5 B -
C
%0 #
J 2< ) -
+
$& 2
8 8SS ( #%%@
) + 51/
) + )
N#&O+
< K ) - -
) 1 .
+8 +,
) 9J5! server-IP:/path +"
) -
) +
1 -
- - B C
< ) + ,0
1 )
+
0- 1 +
)
= 8 @ 1+
R - -

#E




)1

AccelFeature

MITeSignal ¢

LinuxAudio |/ '; )
Signal \
¥ AudioFeature
&0 # #
/
+ A
)
+
) ) A
)+
P(5

Enchantment
Server

GClassifier

XML—

GClassifier

XML—

GClassifier

XML—

Y GClassifier

post-class

+<

#F



($% #
)
)
7 I
J) 7
J) 7
8$+&
(1)
+ )
+5
8
)
)
)
+
) )+
6 1)
I )

O#

#H



0 ) + )
+ 7 ) /
3 / ) +<
3 +
$+& ) + )
) + 8
9) = 8 N#DO+
) o+ EHH% ! D@
&$ + ) ) ) +7
+
#E +
/ -
+
/I A ) +9
) +
(1) ( )
+
(& !
0 +
) P> #
)+
8 ) ) /
+
)
0 )
) 7 8 3 0+
B C 1

@%



+< A ) ) #F Q+$ | #&D @FS$

+, A Q@QF$ Q%+3 ! +

30-parameter space of features

+  unknown
lie
sl
stand
+  walk
O rn
bike \\{
3 -
. = o
a
] [m] [m]
o B
[m}
DE‘:‘ ® ood
m
- o o DD o o 5
= EDF‘D DD
o, %% o
+ 0 DDD o0
. B . o
* E
[m]
[m}]
o :O
. e - oo
S
: [m]
(%0 #
/ 7 2
Y
Z 1 &@ & # % % % FE[
Y4 FH # % % % % HE[
z #H @ D#$ ES$ # % H#E HDJ
z F % @%$ H#3$ $@ %% DE[
Z 1 % % D D F# % D FE[
z 9 % % % i % HD[
Z 1 % % D E # % &$E HD[
) 2 FH+@[
) 2 H +&[
(%0!  # 9 #



) F& ) +"

1 1 +<
) % %[+ -
+ ) !
) )
+
"1 1
+
1 +
K K1 +
+<
+ 1
+ -
+ -
1 +
+ 1 -
+ )
+
1 -
$+& + )
/ 1
7 +
z @9 # & @ % % $H[
z % F& $ % % H@[
z /o % D@#H #H @ % F HF[
z % ES$ FE H % E FD[
z % % & #D ES$ F3$[
z 9 % % % # % H&[
Z1 Mo % #H# @ % &@& H$[
) 2 F&+E[
) 2 H&+%][
(&0! # 9 .$( #

@#



($

+
) )
1+ <
+
) +
)
A +5
A
5, 2

2D-parameter space of features

e T T T T T
2 +
5 *  noevent
+
eating
®  typing
0.4 shaking hands —
clapping hands
driving
brushing teeth
02k doing the dishes
ok -
* +
02 —
i
.
04+ —
+
+
06+ —
08 .
A -
12 | | | | 1 1 1 | |
-4 1.2 1 0.8 0.6 -0.4 -0.2 1] 02 04
(&0 # oo

+J

06



) ) + 1
+
) 1
) 1 + B )C 1
)
I+
/ 7
/ 3 0 +
-Y
z ) $$HY FD$  &EF # @%D # #3$ D#{
4 #H $FD $& % % % E#[
4 H& &D E@ % % E % H[
Z 1 F % % $E # % % Fl
z % $# % % % H@[
Z ) @ @ % % #F % % FH[
Z E @ % % % $$ % =
z @D % # @ % % $$ &J
) 2 EE+&[
) DF+D[
(o 9 # 5
-Y
z ) &&F& $HE %%& & E@ #H@ EE[
z F$ $H% H& % % % % E@[
z EE $D DED % % % % FF[
Z 1 F % % $F % % F@[
Z % $ % % % HI
zZ) $ $ % % HF % % FI
4 & # % % % % $F % FE[
z $@ % # % % % % $ $F[
) 2 EF+&[
) EF+&[
(.0 # 9 # 5
! ) ) ) t) )-
) F%[ 3 + )
B )C ) )
) +
) -
))
A $+$
+ ) )

@$%



+U )
+
+ 1
/ ) +
/ %[ ) +
) B )C + )
+ )
) B )C + /
3
+ )
/ +
') 6 $+& 2
-Y
Z ) DHE# %& $ @ $% & H D[
z #l o &s# $ % % % % % FI
Z H#HEH #@ D#$ % % % % F&[
Z 1 #% % % @# % % @ &E[
z & % % @F % % % FD[
Z ) D| % % % % F@ % % E&[
Z D % % % % @F % DHI[
yA @@ % % % % % & D%[
) 2 ED+#[
) 2 H +D[
(o0 " # 9.8 #
B ) C
7 + /
1 ' +, )
+
) )
(1) +
(( #@ $ ) 3 -
+ 1
) Q$+$ I+ 1 ' +
)+
% $% I\# @ $
o# # \# @ $

@&



(( 7 < (-
+ -1 )
+7 (( )
A +9 ) -
1 +
+
7 ! +
+
+ <
# (1 # Q# 12
-Y
z ) &Y% Y0 &F& E@D F& DD HH E$[
z DK &#H@ #H # % F$[
z EH D& &%$ & & F&[
Z 1 % % $D % % $ FE[
z % % % % % H&[
Z ) $@ % % % F$ % % F[
z # % % % $D # H%[
z H % % % % DH FE[
) 2 F&+$[
) 2 ED+F[
(/0 # 9 6
< ( )
) +
1
/ 1 ) *< ) -«
+ ) I
Yo+
($.
) )
2
U / 1
1

@D



N#EO+ )
#&D- #F ) -
D#+& A+ 1 ) )
$+F %- )+
2D-parameter space of features
s T \ \ T \
: : +  nospeech
@ me speaking
* other speaker
distant voices
02— +  loud crowd |
O laughter
[ = —
02 -
o}
) -
1)/ =5000000556009000000090060 00000000 iy -
© -
0.6 - -
08— 1
: o
a :
m
1 0 I 1 1 | 1
1.4 1.2 -1 08 06 0.4 -0.2 1}
(' #
—Y
4 EF& $ # $ F @ H&[
z 1 E %$ D& % H # &D
Z 1 #D D $H@ % # % FH
z ) ED % $ D # % &
z D D $D # D$[
z G $ D % @ @E E%|
)y 2 D@-+%]
) 2 F%-+H]
(10 # 9 #
) F9%-+H][ )
B C+ B 1 C B 1C
1 + B" 1C + -
1 1+




) +
+
1 )
HY%+F[2
-Y
z EF& @H H&J
z #IE F&F FE[
) 2 HY%+F[
o = #
) $+& + )
2
-Y
z EDH & # # D % H@
z 1 & %& &H # $ &D[
z 1 @$ #D $DD E #% F$
z ) &$ @E #D & #[
z # H # $& D$[
7 # F @F E&[
) 2 D&+DJ
2 F%+ [
(*0 9.8 #
)
%% + #%-
/& 1+71
$+F- 1 ) +
(3(
< 1 / )
+ ) 1 2
30 < 1
+) N#FO+
) 1 +<
1
) +
) <
-+ 1 -
- +

@F



office
horme
outdoors
indoors
restautant |
car
street
shop

5,
e
%
o(e)
[e]
(.0 #
i
+
-Y
Z &FH #HO# # #HHF &# @ @ @ &#[
Z FH &D@ @ $@ &E # # E@[
Z o@ % H % @ F @& % HI[
z #0 D$ # @O# D # & &H[
z H # % D ED % @ # F&[
z % % % % #3$% @ % HF[
z @ $ & #@ F #% D$|
Z # #% % & #H& #E D @[
)y 2 &D+F[
) 2 +F[
(%80 # 9 #
/ ) D +F[
7

@H



I += F&[ -
D$[+
$+& ) 6
+
-Y
Z R#D &E D & % @ E$[
Z FE &H % @D $ H # DF[
Z E #% #$ $ & @ $ H&[
Z F% &D @ HE#H #E % E $H[
VA & % # &F F EE[
VA % @ % % #OF # % HF[
z = $F $ $ D # #$ E DH[
Z #H @E @ % H @ @&[
) 2 D +D[
) 2 E+%|[
( %%0 # 9 .$( #
($/ "
_) ) -
$+&
+
« - ( +"
[+ A
) 6 +
( %[
+
( |
) 7 3 ) o+
) )
A +")
) ) ) +5-
< 30 +

$%



-Y
z1 % % % % % % % JK,
z o #3@ % % % % % %%
4 0 @ @@$H # # % # HH[
z % @## %% #Q@ % $% E#[
zZ 1 9 % $& #%% % E ED[
Z % % % % % % % JK,
Z 1 0 % % F # % &3$% HF[
) 2 FH+ [
) 2 H +D[
(%&0 # # <
--Y
z ) @$DD  #HE $E #$ E % D E# FFL
z E@ &E$ %D % % @H # % E#[
z $ @b #$8& % % % % % HF[
z % % % % % % % % JK,
z % % % % % % % % JK,
z % % % % % % % % JK,
z % % % % % % % % JK,
z DF # @ % % % % #& #D[
) 2 E%-+H[
) 2 FF+F[
(%0 # # <
-Y
z D% @ % @ D @ HS$[
Z 1 D HH# % D # @9
z 1 F $ H % $ F$[
z ) @H % % % % %[
z # % % E % $@[
z % % % % % % JK,
) 2 & +[
) 2 F@+#[
(%.0 # # <
-Y
z A$ $%% % E # @ E[
z @& % $ % D E@[
z $E F % % & # #H %[
z #$ D % D &t % # E[
z @ $ % % @ % $ % @[
z % % % % % % % % JK,
z B F % % @ @ &H % &H[
z #t % % #@ # @ & 31
) 2 #$+D[
) 2 H+D[
(%(0 # # <



7 1 )
@+& ) ED[
F@[+ ) /
) +
1$%
8 ) )
1 + / 2

P(shaking hands< @ eatin

P(restauranj< R officg

P(shaking hands standil)g> (P shaking handsingtt> P(shaking hands walkink
P(shaking hands, me speak)rrg ( P shaking handspeec)

P(lying, doing the dishgs> O
P(biking, typing » O

1 o /+R

P(car| driving) » 1
P(sitting| typing) » 1

$#



P(location = street location = shqp> (P location

+ ) )
+ ) 1
) 2<1
1 +
) ) 7
% #%
)
) )
1 +(
6 + 1
+ 1
1 +
)+ 6
A +,)
) )
/ +
)
1
1 /
)
+8 1 /
1 ) < I+

stt¢location ; = officg

+<

$@



/ ) + <
) ) )
/ o
5 J N# HO / 1
(8 N@%O!
+ ( 5
N@ O+
I$& 2 # #
1 #$
) ) ¥
D@ #%- @+& + !
) +
) + /
. ]
) )
+
A +
) *
)
$ o+
0 - 2
\ 2O P *
¢ 4 e e o
¢ e L4 ¢+
0 2 * 600 6 & 00 PYYIRS !
[ %0 # #
% #% -
)

$$



Al %S %S#H%NSHWNZD%

1 1
) )
+
+
)
2 D#+ %[
2 EF+#%|
2 H +D%]
)y 2 E#+D%][
1%0!  #
I$' >
+
2

P(A) ° P(location= A
P(B)° P(speeck B

P(C)° P( posture= ¢
P(D)° P(activities= D

Obs, ) ) N +

$&



A=argmax f (Obg\ B.C ,A[)

N © argmaxQbs, }+

2
P(A B,C, D, Ob A
P(A| B, C, D, Obg )= A 2), RABC Dy pi0pg)
P(B,C,D,0bc) . RBG D
P(A B,C, D) $- )
A + 6
: BC D
)
) )
2 D %# @F[! @$D #]! #HF @%% @#
2 @&E #4]! HHSF 3 &HD @HE H#
2 @&D F[! DF# $[! EFD # &E%
) 2 $$ F #E[! D&& 3! @H%$% EE $EF
2 &@H@ #3[! E%$D ! H@%@ H&D D%H%
/&0! # > 1999,
) 2 .
< 2 -
9 )2 :
) #9[ [ 1 ) -
) +9
)
) +
- 2
)
2 D %# @F[! &D # @&[! ##&% ED% @F&#
2 @& E ##[! @H#&E #%! D&$ @H$ #FD@
2 @&D F[! #@D F[! $%D #FD H&%
) 2 $$ F #E] #@@% 3! @@D% HE# % &F
2 &@H@ #9$[! #$@& H[! DDE% @E# FE#@
/'0! # > 1,999, < #

$D



) +7 #K@ )
) +
- + @- B C
P(A|B,C,D) )
B - C+
/) +
A B C D |
A=argmaxP A |B c.D
9 2
) )
2 D %# @F[! &%E @ [! @FH #FD% Hit
@&E ##]! @&$@ #H[! E@ E@H F%$
@&D F! HUF# @] F@$ &D% &t
) 2 $$ F #E[! &$F_ %[l Q@F%S$ H@$ D$
2 &@H@ #3[! ##$$ H[! ottt E%H@ &&
/.01 # ;299 <
) +
Obs, | /
- $ [+ HI[
) + ) 1B CB C B )C
+ )
+7 /
) 1
+, 1 +
/$. >
< 6 P(A B, C, D) )
+ n
m" + F/D
|E/F Z #DFF #H + 7 A
/ ) -
+ ) +

$E



P(A|B,C,D,Obg)» { RAB RAG RADx P A Ob

, P(A| B), P(A|C) +

J (nxm)?) +

F$ #F A+ )
B +

pairwise conditional probabilities PAB)

ofice 1
home
outdoors
indoors

restautant

2
3
4
i
car B
street 7
shop &

no speech 9
me speaking 10
other speaker 11
distant voices 12
loud crowd 13
laughter 14
unknowen 15

lie 16

run 20

bike 21

no evert 22

eating 23

typing 24

shaking hands 25
clapping hands 26
driving 27

brushing teeth 23
daoing the dishes 29

< / ) )
P(no event cay

6

)/ 2

#- o+

(8+6+7+8) =841IFSDSESF! *Z

A D-#+ A

+ )
P(driving | car)

$F



P(A| B,C, D, Obg)» % R A B+% R A ¢+—; PADx P A Op

2

- - ) )

D %# @F[! &@H @@ E@@ Vot $@DH
@& E ## @H% #$! #% D%$ @#HE

@&D F[! D%# %! #D# &%F %H$
$$ F #E[! @HS$H #&[! #HF% F # @F

&@H@ #3[! $F$@ #@[! $SH& @H$& %FHF

/(! # 1;?2< $
) )
/ + ) +
2

P(AIB,C,D,Obg)» RA BxR A QxR A DxP A Obs

) +7

+ #&[
&%[ ) %[+

- +7
k=42
- ) )

D %# @F[! D D# @F[! #QE# #I@# @E@%
@& E ##]! Q@& #][! E$& &3@ H#HEE#

@&D F[! H$E #[! $&E %$F FHH
$$ F #E[! #F&H F[! @#HF E@H #%

&@H@ #9$[ ! $HF@ ##]! DFE# &ED# F&#

/110! # 1?2 <@; %=<

$H



) 1
+ )
) +J A
) +
P B,C, D,Ob
P(A|B,C,D,0Obg)
c(A) - +
+7 -
+ ) ) + <
) +
c(A) >1- fp+
c(A +
- )
) ) + A
2
As A  c(A)>1 fp & fp> fp,,
A else
2
- - ) )
2 D %# @F[! &$H& @[ ##$% D@@ @FD#
@& E ##[! @%@E H[! DD# F# #F&&
@&D F[! DDF %! H% &% DD
)y 2 $$ F #E[! E$% [ @HE &H@ $ E
2 &@H@ #3[! H$% HI! D@D@ #H % H%@%
/10! # 1?2 <@; %=<
)
+
) ) )
Obs, )

&%



c(A) = wxObg()* 1 - WXl - fy’

wi[ 0.J

) )
w=0
8 ) + < -
|
E[+ <
+
) )
2 D %# @F[! $DD# #H[! #HH E&H @H%@
2 @& E ##[! @%#Ht H[! D@H $$ #FEF
@&D FJ! $@ H[! Hitt #HE @$
) 2 $$ F #E[ E%& ! @@%# &FH
2 &@H@ #3[! %F#% EJ[! D@D# EFH H%@
/)0! # 12 <@:%=<
+
#H][ )
) 30 <
1 / )
+< - ) -
) ) $+F[
) )
2 D %# @F]! $%@ #&[! HHEH #% @F@%
2 @&E ##]! #HD$ F[! DD$ #HF&@
@&D FJ! %@ E[ #HE $$ %&H
) 2 $$F #E[! $&& H[! @#&F #H& D%
2 &@H@ #3[! H&&@ & D$H D& FH%#
/*0! # 1 ?2<@; %= <
1$( #
)
+



) +
)
2 ) %%
A 14# +
) # %% +
)
%[ #%][ )

1 / N@#O
N@@O+

) o+ %%

) A D-@+

&#



Influence Matrix

- N om o= 1 o© M oD
m e op s o o5 % o

8 e £ &5 %
S £ 5 5 & 8 3 2
£ 5 8 8 £ 2 £
& £ 8 9 2 =

22

ERE

E

2

laughter 14

no speech 9 .

me speaking 10
other speaker 11
distant voices 12

loud crowd 13

lie 16
sit 17
run 20
bike 21

o
=]
=
]
W

m
=
=
z

unknown 15

o mo= oW o@ om oo
[ I o B o I U S A ) [
¢ D o ow v o< oo
§ £E £ 2 2 £ 3§ 2
i R E E E Z 2 %
»8 2 £ 25 2 3
2 = 25
] = =

i = s =

T o o =

2 & 2 =

5 & B £

E

1'02#

t+1+

col(Y) +<

row( X)

I <

1

1B

+ <

1

&@



) +
/ Al
- +
+ k=3
2
2 D %# @F[! $&&H H#F! #S@F FFF @DD$
2 @&E ##]! #HFD H[! F# #H% #DHD
2 @&D F[! #D% F[! $E & #%H
2 $$ F #E[! #FF E[! #%%H $%H #3$%
&@H@ #9[! DD F[! &$ & D@F HHEF
/%80 ! # #
Kk /
+ -
k37 2
2 D %# @F[! $FEF @%! F@H D& $#D@
2 @&E ##]! #FD F[! H#E #HE #&H%
2 @&D F[! #FH F[! &F H HF
2 $$ F #E[! #F$H_ F[! DH@ #$ #E# &
&@H@ #9$[! FEE F[! $DE % %EED
/ %%0 ! # # 1
) ) -
#$[  F[+ -
) )
)
1 -
+ -
o
+
+ , / 8+

&$



1$/

- - +
2
-Y
4 #D%$& D@F % % F % # #% $H[
z #9 #% % F$ # % @% $ EF[
z #D0O @F FD % D @F #&% % #]
z H$# @## % #F$ @$ % &% % D#[
z &$ &# % D %FF % % # FH
4 % % % % % @s$$ # % HF[
z #D% it F D DD DF $#D D DH[
Y4 ED DD % $ % % E% #3$ %]
) 2 &FH#$[
) 2 D#+|[
/ %&0 # # #
-Y
z D%ES§ #% #$ $% #it % HE
z 1 H$ ED HDD % %F F &%
z 1 #H% $$ $SF@E $ #$ % FF[
z ) E&# % $HF $D #% % $
z $$ D DF # $&F D DD[
z % % % % % % J],
) 2 D%+E[
) 2 EF+#[
/%'0 # # #
-Y
Z1 % % % % % % % JK,
z Do H# % % % % % %%][
z BD F HE%D $%$ % % $$ H&[
z % % $@D #3$$H F % ED H%l[
Z 1 D % #$ $# &&F % $ RE[
4 % % % % $ H# % HD[
Z1 o % F D% D % E&D H&[
) 2 H +H[
) 2 H +D[
/%.0! # # #
-Y
4 ) DE&D &%  ##HH$ $ % #F# D % D&
z F% E @%% % % $# % % D@[
z H $% #&%D % % % % % HF[
z &% % % &&$ % % % % H#{
z % % % % $E% % % % %P0[
4 # % $ % % $EF % % H&[
z #D F % % % % F % E@[
Z # % F F % % $ HF $[
) 2 EFH#]
) 2 E#+D[
/%0 " # # #

&&



+ ) 2
-Y
z $%H &@ @ EF& E @& E % ES|
z #D #D# % @& $ % @@ % F[
z $F @H H# F F @@ #&D % @l
z #$F FFH $# % #$ % &@[
z D @$ ## %HD D # % HY%[
z H#H D$ $ % % &% D % F$[
4 Di& #D $ # #E F H#% % H@[
A F& @D % D % % F$ H F[
) D#+ [
) 2 E+[
1 %I0 # # #
) D#+[ E+]
+ ) ) ) +
-Y
Z D$ @b & % D % HE
z 1 D& D&E &$% % %% % BH%][
z 1 @@% $$ $FHF #@ #O@ % FH[
zZ ) EDD % $8& F E % [
Y4 ED D # % $%% % &F[
Z % % % % % % J],
) 2 D@+%][
) 2 F +#{
/%10 # # #
) ) -
+, 1 + )
+
-Y
zZ1 % % % % % % % JK,
z o $@ @E # % % % E$[
z () % HEFH s@# % % #E HD[
Y4 % % @F& #&$% E % $E F#{
zZ 1 9 % $H @$ $& % % E%[
z % % % % $ H# % HD[
Z 1 () % DD %& D % DD@ H%|[
)y 2 F$+E[
) 2 H+[
1%)0 ! # # #
- + )
) ) + -

&D



D#]|

! +
-Y
Z ) HH%$ EF @$D $ % % % % H&[
z $D &D% # % % % % % $H[
z &F #H #HOF$ % % % % % H@[
Z 1 &% % % &&$ % % % % H#[
z % % % % $E% % % % %09%6[
zZ) % % % % @H@ % % EF|
z @@ % % % % F % E@|
A HH % E H % % $ # H[
) 2 E@+D[
) 2 FH+$[
I%0 " # # #
E#+D[ FH+$[ ) )-
) +
B ) C+ ) )+ )
) + ;
) E$ [ F@I
) +
/ 1
+< +
) )

&E



1 2

1$% +

A)

1+
1+

&F



’ / +
1$& 2
L )
/ + ) ! B C
+
/ +
2
+
H+
@+
)+ :
+
2 2
% %
% %
%
% @
%
) %
% #
1 # %
1 # &
) &
# %
& %

1 %0

%

&H



)

K #%

&+

%+&

3+

++

D%



18.

/ 6
+ #F) ) #D , # T+,
; 7
+4+ 1 + I+
& ,)  S$E 7+
@ E # @%
+
A )) +
L @% !
I+ < 1
1 $@ $&!+
$& $@ )
+ & )
+
%@ 7 +
HH  %%! +
%H $ 7 +
+
= )) +
1 H
) @ 7+
1
, 7
1 #
1 % @ $
# #
#
180B #
: ' + )
+, 1 ,
1 + 1 I
Ml %+& !



)+

+ <

D#



)$%

+7

+ >

#

+7

1+

A +

D@



)$&

)$

)S.

B

#

D$



(

)$/

<G,

I N@&O+

-1

u( 1+

C+8

R5

3=

G3+

D&



DD



+0

3
(1) +
DF[ H#

< I+

#$

)

)

)
Fo%[ F[

+

ED[ F@[+

+0 -
$+&
HI
D#[ DE[

27J)

H&[

DE



DF



N O

N#O

N@O

N$O

N&O

NDO

NEO

NFO

NHO

N %0

N O

N #0

N @O

N $O

N &O

N DO

N EO

N FO

N HO

<t+=  T7+( Jt<1l ++ 1B
1 2 Cc
,+0 B 2( 7
( #%%$
+ BJ-) )<
5- 7)) ( CO++

" H%%&
(+ +0  B( ) )0

C 8
-8 , o #HN%&
+ o+t B9 /-

)y C 0

J+G 7+ B8 /-, J
<
#%%@!

2KK + + K K K
U ) 7 *((P H$&!' 2KK +
+3 3+7 =+5 + 1 8+<

(/U C.8((  *w# -D #%

+ #@&-H@F

+ A += BY 2(
C9G8 = 8 3 8

+U  <+7 BJ/-

LU #HEI S H%%S+

06 2 2KK + + + KQ) K K
2KK + + K( K6 K8=0

8+ 1 =+U +8 + +8
( 7CoO 8
., ) =) 0 [ +J8
G+U 5 ) "+811 B<
< 8 EE_

0+51 A ++< +;1 (+ a 3+

B= A 1 )
C0))8 20+ #
5+7 + + B, )
0) )8 20 + # .8
J+G T+ ,+ B( -

C 1
+<  (+0 +8 B9 )
, ( 8 co

. vy HNY&!
+ + G+5 ++7 +J

) )

)
$%2 _#& HHF

< C 8 -

8 #%%&

< 8 CcCoO-
8 <8

+ K KH$&WEK

B(5 7 2
%# ; - -0

#%% @
c7

-)) +

8+ B,
(<1 8
2,8(0 #%%$

IC -
F@ 0 #%%%

4+ +

8  + #%%S$! F_##

- C
+ #%%$! _E

) -

#%%@
1) =
J 8-
+( 0+G 1 B,

DH



c |/ , #%%& 8 8 -
+J >17J>2,8(0 #%%$+

N#%0O + ( + + G+5 B, )
' Cco 0=U, U #%%$ ) +5J8
@%% ,+ + ( +7 2 U #%%$
+ &F- E&
N#O ;+5 +8 J+G 3+7 7+ B, -
)3 ), ( ) co -
;8 ) ;8, #%%&!
N##O0 G  + + 1+ + B9 )
0 , ) 8 [/ < 8 C <8
#%% @
N#@O 2KK + - [+ K1+ | Z5D%%%
2KK + + K K( 5 K% %& F #&& %%+
N#$0 + (+ J+ ( + + G+5 B( 2< -
) CO / , 9' 8-
#%%$
N#&O =+ U (+ +3 ,+0 B( #%%@?2 , .-
co <8 " #%% @+
N#DO 2KK #+ + + KQ K KF@ K K K K$+&K +
N#EO +7 BS8) ., CO ( + -
8 #%%o#+
N#FO 2KK + + K K
N#HO 0+  <+< B5 J 2 ) C
0 <1 8 ) G 8
G-8,0 #%% @
N@%O 0+ +5 +( 3+5 +01 < + B" ( 8
2G ! C 8 -
" , 5 )
+ ) 8, #%%i#
N@ O 2KK + + +
N@#0 <+ ,+0 B9 ( 8 B
C (5= ) -
i #%%&
N@@O<+ ,+0 B ( . C ((
5 = Db&FH , #%%&
N@$O J+ B( O 5 8 / CO++
(0 (G ; #%%&

N@&O 2KK + + 1 + +AK K 1K

E%



$%
) = - 1] 8 + )
sessionName_hostName_hour_minutes_seconds.signalTyp

) outputFile.txt -
+ -

Timestampl data data data data ...
Timestamp?2 data data data data ...
Timestamp3 data data data data ...

.audio

5 /, U
+ D FlA WHS ) + [ -
2

1124494208.477360 88 40 -17 6 60 35-43-24 ... 77
1124494208.732085 139 117 68 75 123 160 92 ... 342
1124494208.733533 -27 9 -12 -46 -21 30 -22 ... -121

.accell/2
( + D
% ! %% A H% A
+ U
-+ P > /2

1124494207.049833 177 287 233
1124494207.059965 178 288 233
1124494207.069824 178 290 232

Wifi
< - = + 1
(8 + 1 B C
Bc YC
1124494752.899091 media lab 802.11 00:60:1D:1D:21:7 E

1124494878.446115 <no ssid> 00:20:A6:52:1A:F6
1124494878.446115 MIT 00:01:F4:7B:01:3B
1124494878.446115 MIT 00:01:F4:7B:03:6B
1124495003.027343 none

1124495128.556541 MIT 00:20:A6:52:3E:CO
1124495128.556541 SMARTSIGHT 02:49:2D:CA:6D:B4



.audioFeat .accelFeat

: , )+

.speech.class .speech_c45.class etc.

38 8%&8 -
) 1 = + ) -
\ ) +J
/ /
3(( PG $& - +
.labels
9 + <
+
.interest
= (!
) /
&!+
) ! ! 5)

1073014068.4491181 030024 06.18
1073014153.650418504052405.71
1073014287.239184103014305.62
1073014408.391800023052305.01

Config_MITes.txt

(8 ) ;
i
P > "3T') TP"3T') ™>"3T') T
+/ 2
235.500000 284.500000 228.999939 60.500000 57.50000 0 60.999939
295.000000 310.000000 274.500000 60.000000 61.00000 0 55.500000
( -, ! )
2
X — >(raw - ><mean
normed X

One g equivalent



[3] L1430 L ses, Way
£ 1073015570, jpg

1073015570, way

£ 1073015625, jpg

1073015625, way

EE_] cornments. kxk

[l Corfig_MITe_5.kxt

[E] Corfig_MITe_9.bxt

[E] Corfig_mITes.bxt

EE_] imageList.bxt

EE_] labels. bk

EE_] MITesSignal.log

EE_] autputfile, bk

[E] sqL_input txt

EE_] SR_output.log

EE_] verifyS_legend.bxt

ﬂ verifyS_za000_21_57_44.accell

ﬂ verifyS_za000_21_57_44.accelz

ﬂ verifyS_za000_21_57_d44.accelfeat

ﬂ werifyS_za000_21_57_d44. audio

ﬂ werifyS_za000_21_57_d44, audicfeat

ﬂ verifyS_za000_21_57_d44.event.class
ﬂ verifyS_za000_21_57_d44.event_rd5 class
ﬂ verifyS_za000_21_57_d44.interest

4] veriFyS_z6000_21_57_44.labels

ﬂ werifyS_za000_21_57_d44,location.class
ﬂ werifyS_za000_21_57_d44,posture,class

ﬂ verifyS_za000_21_57_d44,posture_c45, class

ﬂ verifyS_za000_21_57_d44,speech.class
ﬂ verifyS_za000_21_57_d44,speech_c45.class

ﬂ verifyS_za000_21_57_d44,wifi

$& #Hi
SQL_input.txt
<)8 |/
) R5

1073012385.jpg,1073012385.wav
1073012445.jpg,1073012445.wav

labels.txt, legend.txt
3 +
5 ! !

10730141853140111100
10730142454630101100

legend.txt

( 8- ?
+0

+

(

%+

Sl1 KB
29 KB
311 KB
29 KB
150 KE
1KE
1KE
1KE
1KE
1KE

Z KB

0 KB
1KB

7 KB
83 KB
1KB
8,304 KB
8,304 KB
774 KB
108,173 KB
B KB
464 KB
416 KB
S KB
0KE
176 KE
416 KE
366 KE
144 KE
128 KE
3KE

2

E@



comments.txt

1073014425 Running to catch the bus!

label: [7.0192e+003 11221
audioStart: 7.0193e+003
audioStop: 7.0390e+003

audio: [159744x1 int16]
audioRate: 8.0471e+003

accl: [1739x4 double]
acc2: [1749x4 double]
numAccSamples: 1739

dataset: 'E:\...\malll_z6000 12

normMat: [2x6 double]
audioFeatures: []
audioFeaturesLocation: [4x11 double]
audioFeaturesSpeech: [4x11 double]
accFeaturesPosture: [8x13 double]
accFeaturesEvent: [8x13 double]
classificationLocation: [4x11 double]
classificationSpeech: [4x9 double]
classificationPosture: [8x10 double]
classificationEvent: [8x11 double]

p ) 2

timestampl p1 p2 ... pn decision label
timestamp2 p1 p2 ... pn decision label

+8

11100]

34 07"

ES$



(( 5. 2 2KK + +

$%

CreateTrainingAndTestingClips.m

trainAll_testAll_withGMMs.m

7

trainAll_testAll_withLDAandGMMs.m

) !

verifyFeaturesAndClassifications.m

testWithValidationClips.m

) )
7 +

PreClassify.m
1 ) 7

PostClassificationEvaluation.m

) -
8 D+

PostClassify.m

8 - +

E&



trainHMMs.m
(¢ ) +

$&

AccelFeature.m

8 +

AccFeatures.m

classifyBNET.m

"3 8 38 +

computeFeatures.m

" +

computeLDA.m

8 @ #
+

Evaluate.m

8 / K ) +

EvaluateAllClassifications.m

, ) 8 +

EvaluateClassifications.m

8 / +

EvaluatePostClassifications.m

8 - - +
08 + +

export_C45.m

8 + o+ o+ $+& 8+
findLabels.m
8 +

+ +

GClassifier.m

ED



J)7 3 0

myPlot.m

playClip.m

plotClips.m

8 ) A +0

plotinfluences.m

0

SignalLoader.m

trainBNET.m

1 ) 7
/ 3

XML_export_ GMM.m

/3 P(5

XML_export_IM.m

/ PG5

7J

EE



$%
( < -3
+
$& --
-)
2

AudioFeatures.cpp

))
) !

73T<J"< +
+

linux_audio.c
0) )

LinuxAudioSignal.c

3 D
+
MITeSignal.cpp
) (
( 5 T+

MITeCalibrate.cpp

0

2KK +

%o+H+#+

I

EF



AccelFeature.c

0
) D$-< +
C45Classifier.c
/
$+&
+ K"
Chain.cpp
8

Classification.cpp

8 38

Gaussian.cpp

3 (/ ( +
+ P(5 +

GClassifier.cpp

7
3

+ K"

hd_influence.c

354+ ) 8

InfluenceModel.cpp

MixtureModel.cpp

( ( 38
PG5+

psc.c

psd.c

$+&

+

P(5

1

P(5

EH



(
XMLObiject.cpp
P(5 */
$.
'K = 39

CameralO.cpp, CameralO.h

I B

Capture.cpp, Capture.h

0

linux_audio.c, linux_audio.h

+9

make_all.sh

Makefile.Capture, Capture.pro

Makefile.SignalRecorder, SignalRecorder.pro

Makefile.WavClipExtractor

1 +

+ o+ 1) R
R
+(1T + 1

sharp_char.h

) +

SignalRecorder.cpp, SignalRecorder.h

= +
8 39

+

A 809

( (8
( 1
0 .
= <
(
8

= (1

+8
(1

29

F%



SignalRecorder.desktop, SignalRecorder.png

R +

main.cpp

SignalRecorder_base.ui

+
T + +A&&%% &&%%

sigrec_stop.sh

1 =

WavClipExtractor.c

0 I #% )
6 -

preProcessing

Py



00K (5
P,00 < U +$+ @
8 )
82] o+
,
) +

3H#

(R5 )+
2KK +

+

WavClipExtractor

1124385421.jpg,1124385421.wav
1124385479.jpg,1124385479.wav

d

insert.php
+

Open_db.php

)

+
SQL_input.txt

annotate.php

)

Labels.txt

comments.txt

sion_Legend.txt

)

1

R5

1

SQL_input.txt

+

+insert.php /-
+

+

annotate.php

currentLegend.txt
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Name_z6000_ 08 32 57.audio
Name_z6000_08 32 57.accell
Name_z6000 08 32 57.accel2
Name_z6000_08 32 57.labels
10730154119.jpg
10730154179.jpg

10730154239.jpg
+

+ll

#%
<)8 |

Name_12 32 45.audio —t 20

+
ist.txt

echo "preProcessData: extracting file name from out

+

#%

2K K 1KJ +
-
2
+
5/ +8 <)8 | -

+ =
+6 -

SQL_input.txt

export fileName="cat outputfile.txt’
echo $fileName
if [ "$fileName" ==""]; then

echo "preProcessData: Error, could not find outputf

exit -1
fi

cp /localdata/mark/audio2wave.pl .
cp /localdata/mark/ascii2bin .

echo "preProcessData: Cropping files (wait 1 min)..

/localdata/mark/Cropfile $fileName.accell
/localdata/mark/Cropfile $fileName.accel2
/localdata/mark/Cropfile $fileName.audio

00 ( R5+
18.85.18.52) +,
- )
+
1
SQL_input.txt
( R5

labels.txt comments.txt

ile.txt"

putfile.txt:"

J/WavClipExtractor —a

-i imageL-

Name_Legend+txt
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/localdata/mark/Cropfile $fileName.accelfeat
/localdata/mark/Cropfile $fileName.audiofeat
/localdata/mark/Cropfile $fileName.event.class
/localdata/mark/Cropfile $fileName.posture.class
/localdata/mark/Cropfile $fileName.location.class
/localdata/mark/Cropfile $fileName.speech.class
/localdata/mark/Cropfile $fileName.posture_c45.clas
/localdata/mark/Cropfile $fileName.event_c45.class
/localdata/mark/Cropfile $fileName.speech_c45.class

echo "preProcessData: Calling WavClipExtractor (wai
/localdata/mark/WavClipExtractor -a $fileName.audio

rm -f audio2wave.pl
rm -f ascii2bin

echo "preProcessData: finished!"

t 2 min)..."
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