
Zero-shot

1 1

Zero-shot

( ) Zero-shot Zero-shot

3

28%

Zero-shot

Zero-shot

Analysis of Properties of Vector Representation
for Zero-shot Learning Method in Sensor Activity Recognition

MOE MATSUKI1 SOZO INOUE1

1.

[2]

[31] [32]

[1]

(

) Zero-shot

1

Zero-shot

1

2

•
1 0
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• : NLP

Zero-shot [11, 12, 30]

Zero-shot

[37, 38]

Zero-shot

Zero-shot

[?,20,21,23,40]

“ ” “ ”

“run” “walk”

( )

• :

k-

3 3

28%

Zero-shot

Zero-shot

•
Zero-shot

•

• Zero-shot

2 3 Zero-shot

4

5

5 6

2.

2.1

1990

[4]

[5] SVM [6]

[7]

[8] [9]

2.2 Zero-shot Learning

Zero-shot
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1 Zero-shot

( )

Zero-shot [10]

1

Zero-shot

1 2

(Process 1)

( 1 1

z = g(x) (1)

1 x′

ẑ = g(x′) (2)

ẑ 1

(Process 2)

y = h(ẑ) (3)

1

Zero-shot 2

1 2

,

[39]

[33] Zero-shot

[12,30] Zero-shot

Zero-shot [11]

[12] 3

2

[12]

Zero-shot

2.3 Zero-shot

Zero-shot
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2 .

( )

[10–12,17]. Lampert et al. Zero-shot

[10].

1 0

[10, 17]

,

[11, 12].

[34, 35]

Zero-shot

( )

Zero-shot

[19–21, 23, 40]

word2vec

[24,25].

word2vec

[24] -

. word2vec

Wikipedia

[ 1]

[ 2] (

) [ 3]

[

1] “walk” “walked”

“walking” [ 2]

“skip” “skip”

[ 3] “run” “jog”

[]

1,3]

[ 2]

3. Zero-shot

,

Zero-shot

Zero-shot 3.1 ,

3.2 3.3

. , Zero-shot

3.4 .

3.1 Zero-shot
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2 Zero-shot y = f(x)

2 z = g(x) y = h(z)

y

{(xtr
i , ytri )}Ntr

i=1 ⊆ X × Y

X ∈ R
d

Y
{xts

i }Nts
i=1 ⊆ X {ytsi }Nts

i=1 ⊆ Y
y = f(x)

.

{(ztrj , ytrj )}Ntr
j=1 ⊆ Z × Y

Z ∈ R
t . Zero-shot

{ytsj }Nts
j=1 ⊆ Y Zero-shot 2

( z = g(x) y = h(z)
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Zero-shot

(1) ( 2

z = g(x) {(xtr
i , ytri )}Ntr

i=1

{(ztrj , ytrj )}Ntr
j=1 .

ytri

{(xtr
i , ztri )}Ntr

i=1

. X
Z 3.2 .

(2) ( 2

, 2 z = g(x) y = h(z) .

, z = g(x) {xts
i }Nts

i=1

ẑ . , y = h(z) ẑ

ŷ ∈ Y . 3.3 .

Zero-shot

yts ∈ U
ytr ∈ S

U ∪ S = ∅

U
S

{xtr
i }Ntr

i=1 ∈ X y ∈ S
{xts

i }Nts
i=1 ∈ X y ∈ U . , ztr

Ntr ∈ S ×U
.

3.2

,

X → Z .

d xi ⊆ Nd t

zi ⊆ N t

, zi = z1i , z
2
i , z

3
i , ....z

t
i

xi , zi

. t

, xi t , z

.

, 2 “RegBM” [13]

“SVRBM” [12] . Zero-shot

X → Z Z → X [16]

Auto-encoder [14]

[11]

2

3.3

ẑ Y y ∈ U
yi ∈ U . ẑ

ẑ yi

zi

.

.

.

ŷ = argmin
yts

h(ẑ)

3.4

;

3.4.1

Wikipedia

word2vec

Word2vec

word2vec

( 1 ) Wikipedia word2vec

Zall .

( 2 ) Y = y1, y2, ...yn .

( 3 ) Zall Y = y1, y2, ...yn

Zs = z1, z2, ...zn

“Open door” 2

3

(“Open” “door”)

3.4.2

Wikipedia

“run”

“running” “jog”

“run” zrun

“run”
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k

k = 5,10, 20 3

4.

Zero-shot

2 1 .

•
•

•
5 20

1

. 2

4.1

4.2 4.3 .

4.1

2

1 .

1

2 . [11]

. Wikipedia

word2vec [11].

.

4.1.1

[11]

OPP PAMAP2

.

. 2

HASC *1

HASC .

,

, 0 [0,1]

. [36]

*1 http://hasc.jp/hc2010/HASC2010corpus/hasc2010corpus-
en.html

.

[26]

4.1.2 OPP [27]

Opportunity Activity Recognition Data Set (OPP)

.

30Hz 4 .

“middle level activity class labels”

17 ,

1

0.5 “drill runs” .

, .

, 484 .

4.1.3 PAMAP2 [26]

PAMAP2 Physical Activity Monitoring Data Set

(PAMAP2) 9 18

. 9Hz ,

100Hz . 5.12

1 .

, “3D accelerometers with scale of 6g”

orientation readings . OPP

69 .

4.1.4 HASC

Human Activity Sensing Computing (HASC)

[?].

HASC

*2 .

6 sensor reading

100Hz 3 .1 1

20 . 5 . 1

.

4.1.5

3

.

[11] .

English Wikipedia word2vec

1000 *3

.1000

PCA .

4.2

4 3

*2 http://hasc.jp/hc2010/HASC2010corpus/hasc2010corpus-
en.html

*3 https://github.com/idio/wiki2vec
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1 The type of activity class and sensor on each dataset

Dataset Activity Class type Seneor type

HASC Basic activity (Walk, Run, etc) One sensor on arm

Opp Middle activity (open door, close door, etc) Ambient sensor and wearable sensors on 7 points

PAMAP2 Living activity(watching TV, house cleaning, etc) wearable sensors on 3 points

2 Attribute vectors of HASC dataset

a
ct

m
o
ti
o
n

st
a
ti
c

cy
cl
ic
.m

o
ti
o
n

in
te
n
se
.m

o
ti
o
n

tr
a
n
sl
a
ti
o
n
.m

o
ti
o
n

b
o
d
y.
u
p

b
o
d
y.
d
ow

n

b
o
d
y.
in
.p
la
ce

a
rm

s.
m
o
ti
o
n

a
rm

s.
st
a
ti
c

a
rm

s.
b
en
t

a
rm

s.
st
ra
ig
h
t

a
rm

.b
en
t.
st
ra
ig
h
t.
tr
a
n
sf
o
rm

le
g
s.
m
o
ti
o
n

le
g
s.
st
a
ti
c

le
g
s.
b
en
t

le
g
s.
st
ra
ig
h
t

le
g
s.
.b
en
t.
st
ra
ig
h
t.
tr
a
n
sf
o
rm

le
g
s.
.a
lt
er
n
a
te
.m

ov
e.
fo
rw

a
rd

le
g
s.
m
ov
e.
u
p
.a
n
d
.o
r.
d
ow

n

st
a
ir
s

1 Stay 0 1 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 0 0 0 0

2 Walk 1 0 1 0 1 0 0 0 1 0 0 1 1 1 0 1 0 1 1 0 0

3 Jog 1 0 1 1 1 0 0 0 1 0 1 0 1 1 0 1 0 1 1 0 0

4 Skip 1 0 1 1 1 1 1 0 1 0 1 0 1 1 0 1 0 1 1 1 0

5 Stair up 1 0 1 0 0 1 0 0 1 0 1 0 1 1 0 1 0 1 1 1 1

6 Stair down 1 0 1 0 0 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 1

4.2.1

1 yi zi

cos *4

5,

10 20

4.2.2

1

( )

5 (region(k=5)) 10

(region(k=10)), 20

(region(k=20)) 4

2

RegBM [13]:

Regression-based method(RegBM)

.

SVRBM [12]: SVR .

SVR-classifier-based method (SVRBM).

OPP

PAMAP2 [11] 5 fold

*4 gensim “most similar”

1 fold 3 4

HASC 2

6 15 Fold

fold 5, 6, 7

15

.

7 Foldings of HASC classes

Fold Unknown classes Fold Unknown classes

fold 1 Stay, Walk fold 9 Jog, Stair up

fold 2 Stay, Jog fold 10 Skip, Stair up

fold 3 Walk, Jog fold 11 Stay, Stair down

fold 4 Stay, Skip fold 12 Walk, Stair

down

fold 5 Walk, Skip fold 13 Jog, Stair down

fold 6 Jog, Skip fold 14 Skip, Stair down

fold 7 Stay, Stair up fold 14 Skip, Stair down

fold 8 Walk, Stair up fold 15 Stair up, Stair

down

, fold

:

Accuracy = /
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3 Attribute vectors of PAMAP dataset
a
ct

m
o
ti
o
n

st
a
ti
c

cy
cl
ic
.m

o
ti
o
n

in
te
n
se
.m

o
ti
o
n

tr
a
n
sl
a
ti
o
n
.m

o
ti
o
n

fr
ee
.m

o
ti
o
n

b
o
d
y.
v
er
ti
ca
l

b
o
d
y.
in
cl
in
e

b
o
d
y.
h
or
iz
on

ta
l

b
o
d
y.
fo
rw

ar
d

b
o
d
y.
b
a
ck
w
a
rd

b
o
d
y.
u
p

b
o
d
y.
d
ow

n

b
o
d
y.
in
.p
la
ce

to
rs
o
.t
ra
n
sf
o
rm

a
rm

s.
m
o
ti
o
n

a
rm

s.
st
a
ti
c

a
rm

s.
b
en
t

a
rm

s.
st
ra
n
g
h
t

a
rm

s.
b
en
t.
st
ra
ig
h
t.
ra
n
sf
o
rm

h
a
n
d
s.
h
o
ld
.s
o
m
et
h
in
g

le
g
s.
m
o
ti
o
n

le
g
s.
st
a
ti
c

le
g
s.
b
en
t

le
g
s.
st
ra
ig
h
t

le
g
s.
b
en
t.
st
ra
ig
h
t.
tr
a
n
sf
o
rm

le
g
s.
a
lt
er
n
a
te
.m

ov
e.
fo
rw

a
rd

le
g
s.
m
ov
e.
u
p
.a
n
d
.o
r.
d
ow

n

se
a
t

b
ik
e

p
ol
es

te
le
v
is
io
n

co
m
p
u
te
r

ca
r

st
a
ir
s

va
cu

u
m

ir
o
n

cl
o
th
es

so
cc
er

ro
p
e

in
d
o
o
r

o
u
td
o
or

1 lying 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

2 sitting 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1

3 standing 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

4 walking 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

5 running 1 0 1 1 1 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

6 cycling 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1

7 Nordic walking 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

8 watching TV 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0

9 computer work 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0

10 car driving 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1

11 ascending stairs 1 0 1 0 0 0 1 1 0 1 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1

12 descending stairs 1 0 1 0 0 0 1 1 0 1 0 0 1 0 0 1 0 1 1 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1

13 vacuum cleaning 1 0 0 0 0 1 1 1 0 1 1 0 0 0 1 1 0 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0

14 ironing 1 0 0 0 0 1 1 1 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0

15 folding laundry 1 0 0 0 0 1 1 1 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0

16 house cleaning 1 0 0 0 0 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 1 0 0 0 0 0 0 1 0 1 0 0 1 0

17 playing soccer 1 0 0 1 0 1 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

18 rope jumping 1 0 0 1 0 0 1 0 0 0 0 1 1 1 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1

4 Attribute vectors of OPP dataset

a
ct

o
p
en

cl
o
se

cl
ea
n

d
ri
n
k

to
g
g
le

d
o
o
r

fr
id
g
e

d
is
h
w
as
h
er

d
ra
w
er

ta
b
le

cu
p

sw
it
ch

1 Open Door 1 0 0 0 0 1 0 0 0 0 0 0

3 Close Door 0 1 0 0 0 1 0 0 0 0 0 0

5 Open Fridge 1 0 0 0 0 0 1 0 0 0 0 0

6 Close Fridge 0 1 0 0 0 0 1 0 0 0 0 0

7 Open Dishwasher 1 0 0 0 0 0 0 1 0 0 0 0

8 Close Dishwasher 0 1 0 0 0 0 0 1 0 0 0 0

9 Open Drawer 1 0 0 0 0 0 0 0 1 0 0 0

10 Close Drawer 0 1 0 0 0 0 0 0 1 0 0 0

15 Clean Table 0 0 1 0 0 0 0 0 0 1 0 0

16 Drink from Cup 0 0 0 1 0 0 0 0 0 0 1 0

17 Toggle Switch 0 0 0 0 1 0 0 0 0 0 0 1

5 Foldings of OPP classes

Fold Unknown classes

fold 1 Close Drawer, Clean Table, Toggle Switch

fold 2 Open Fridge, Open Door, Close Drawer

fold 3 Drink from Cup, Open Drawer, Close Dish-

washer

fold 4 Close Drawer, Close Door, Open Door

fold 5 Close Fridge, Open Dishwasher, Close Door

6 Foldings of PAMAP2 classes

Fold Unknown classes

fold 1 watching TV, house cleaning, standing, as-

cending stairs

fold 2 walking, rope jumping, sitting, descending

stairs

fold 3 playing soccer, lying, vacuum cleaning, com-

puter work

fold 4 cycling, running, Nordic walking

fold 5 ironing, car driving, folding laundry
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4.3

1

3

1 20

Zero-shot

5.

4 2

5.1

9 HASC HASC

6 “jog”, “skip”, “stay”,

“walk”, “stair down”, “stair up” “stair

down”, “stair up” 4

“up”

“down”

9 HASC

“down”, “jog”, “skip”, “stay”, “up”,

“walk” 6 20

.Top5 “skip” “stay”

top5

.“down” “up” ( )

. “skip”

5 “ignore” “up” 20 “quickly”

“stay” “skip” top5

“go” . “stay”

“skip” .

“up” . , “up” top10

“down” . word2vec

[28]

.

10 OPP

“clean”, “close”,

“toggle”, “drink”, “open” 6

20 .

.“toggle” “drink”

“juice” “button”

. “drink” “drinks”

.Zero-shot

( )

.

.

11 PAMAP2

16

20 .

“cleaning” “ironing” . “ascending”

“descending”

.

“ironing” “driving”

5.1.1

5.2

?? HASC

SVRBM

RegBM

12%

3%

9%

Opp SVRBM

RegBM

27%

PAMAP2 SVRBM

RegBM

29%
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9 Top of 20 similar words to each activity class in HASC dataset

Activity class Top5 Top10 Top20

down back, down”, down), down;, off away, cut, down?, shut, upside backwards, dragged, falling, fi-

nally, off;, out, slid, slowly, up,

up”

jog jogged, jogging, jogs, stroll, walk bends, detour, half-mile, north-

northwesterly, walking

driveway, eastbound, intersect-

ing, intersects, lope, nap, ramp,

straightens, swerves, veers

skip go, miss, skipped, skipping, skips Brier, curling, get, ignore, repeat **the Brier, Parsoid, Scribunto,

append, editpreview, manually,

redo, start, try, unwatch

stay go, leave, remain, staying, stays continue, settle, spend, wait agrees, come, decide, decides, get,

kept, marry, move, sit, vacation

up back, up”, up:, up;, up? down, forth, off, start, up) 0:), aside, carrots , finally, just,

out, quickly, start, them, up!

walk path, stroll, walked, walking,

walks

**20 kilometres walk, go, jump,

trek, wander

barefoot, climb, distance, kilo-

metres, pull, relax, sit, strolling,

swim, throw

10 Top of 20 similar words to each activity class in OPP dataset

Activity class Top5 Top10 Top20

clean cleaning, cleans, messes,

tidy, wash

fixing, remove, rinse, scrub-

bing, washing

bring, clean-up, cleanup, fix,

lighten, mess, recycle, soak, tidy-

ing, trash

close closer, closest, closure,

proximity, strong

close, closes, contact, rela-

tive, ties

another, busy, clear, closing, con-

nection, friend, friends, keep,

move, nearer, reopen

toggle buttons, on/off, switch,

toggled, toggles

disable, double-click, knob,

right-click, show/hide

”Cite”, Rightclick, button,

button;, doubleclicking, joy-

stick, right-clicking, scrollbars,

show/hide, tabs, touchpad

drink beer, beverage, beverages,

drinks, nonalcoholic

carbonated, drank, soda,

sodas, vodka

**soft drink, **soft drinks, caf-

feinated, coffee, cola, drink, fizzy,

juice, juices, lemonade, non-

carbonated

open **open source, access, en-

closed, space, spaces

öpen, allow,

doors, **open plan,

**open source software

Access, **Open-source software,

**open content, accessible, create,

door, extension, internal, opening,

repository

28%(SVRBM) 27%(RegBM)

16% (SVRBM)

3%

28%
�

��

��

��

��

	�


�

��

��


���� �����

������ �	���� �	
� �����	�

�	
� �������� �	
� ��������

	��

3 PHASC
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11 Top of 20 similar words to each activity class in PAMAP2 dataset

Activity class Top5 Top10 Top20

ascending ascend, ascends, descending,

dhaivatam, panchamam

ascending, madhyamam, par-

allage, pentatonic, phthongos,

scale)

(ascending, **chromatic scale,

**swara, arching, kaisiki,nishadham,

rishabham, sadharana, shuddha,

tetrachord

cleaning clean, cleaners, cleans, laundry,

washing

drying, polishing, repairing,

scrubbing, vacuuming

Cleaning, clean, cleanup, cleaner,

dishwashers, ironing, plumbing, rinse,

tidy, tidying, wash

cycling Cycling,

**2013 in women’s road cycling,

**2014 in women’s road cycling,

**Road bicycle racing,

**track cycling

**2013 UCI Road World

Championships -

Women’s road race,

**List of women’s road bicycle

races, **road cycling , UCI,

bicycle

BMX, **BMX racing, **Moun-

tain bike racing, **Track cycling,

**cyclocross, **race stage,

**road bicycle racing,**stage race,

cycling, cyclocross, cyclocross

descending ascend, ascending, ascends, de-

scend, downwards

climbs, descends, parallage, ph-

thongos, scale)

(ascending, climb, descents, dhai-

vatam, downward, panchamam,

steep, steeper, tetrachord, upward

driving car, car’s, driver, drove, speeding cars, drive, driver’s, drivers,

speeding, stickshift

braking, burnouts, cornering,

driver s, drives, driving), motor,

parked,vehicle, vehicle’s

folding Folding, fold, folded, removable,

sliding

adjustable, backrest, foldable,

hinged, onepiece

Dbox, **protein folding, armrests,

chamferboards, folds, footrests, heli-

cal, laminated, nonslip, rearwards,

ironing laundry, pillows, sewing, towels,

washing

cleaning, dryer, mattresses,

utensils, wash

**clothes dryer, bathroom, clothes,

cloths, dishwashers, dryers, napkins,

towel, vacuuming, washable

jumping **show jumping, Jumping, dres-

sage, ski, skiing

**eventing, **ski jumping, Ski,

downhill, eventing

**Show jumping, **Ski jumping,

**dressage, **ski cross,

**ski jumping hill, jumper, leaping,

paraNordic,snowboard, snowboard-

ing

lying bed, crying, dragged, lie, sleep-

ing

beside, bluff, hiding, lied, scared asleep, cheating, dragging, dumped,

hugging, knees, pillow, screaming,

slept, telling

playing Playing, performing, play,

played, plays

**full back (association football),

footballing, player, semi-

professional, singing

**Full back (association football),

**forward (football), **midfield,

career, club, midfield, playes, profes-

sionally, semiprofessionally, touring

running cross, extending, ran, run, runs Running, cross, line, operating,

stretch, walking

**road running, **track running,

connecting, parallel, pulling,

stretched, stretching, switching,

walk, winding

sitting **168th*, **169th*, **171st*,

**172nd*, **176th*

**166th*, **167th*, **170th*,

**173rd*, **174th*

165th, 167th, 178th, **164th*,

**165th*, **175th*, **177th*,

**178th*, **179th*, **180th*

standing holding, kneeling, seated, stands,

stood

crouching, dressed, modified, sit-

ting, stand

facing, hands, hangs, hung, ovation,

resting, sits, smiling, unless, wearing

walking jogging, trail, trails, walk, walk-

ing, walks

accessible, bicycling, biking, hik-

ing, strolling

**walking, barefoot, bike, distance,

horseback, picnicing, rollerblading,

sidewalk, stroll, walked

watching enjoy, enjoying, laughing, watch,

watched

chatting, crazy, listening, seeing,

viewing

crying, enjoys, fun, kid, kids, loved,

noticing, scared, screaming, staring

work work:, work;, working, works,

work

endeavors, job, necessary, stud-

ies, work)

Work, creations, efforts, endeavor, en-

deavours, experience, expertise, fo-

cus, oeuvre, research
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5.3

(1) HASC data classes
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5 PAMAP2

6 HASC

12

.“Stay” “Walk” “Stair up”, “Stair down”

. “Stay”

2

. “Jog”

“Skip” .

“Stay”

.

“Walk” “Jog”

. 6

“Skip” .

“Skip”

.

(2) PAMAP2 data classes

13 .

6 .

13

.“descending stairs” “ascending stairs” “house clean-

ing”, “vacuum cleaning”, “ironing”, “cycling”

. “vacuum cleaning”

2

.

HASC

“descending

stairs”

. 7 “vacuum cleaning” “house cleaning”

.

“sitting” “running” .

(3) OPP data classes

OPP 11 . ??

.

14

.

. HASC

PAMAP2

“Open Drawer” “Close Drawer”

. 8 “Open

Dishwasher” “Open”

.

“Drink from

Cup” .

OPP “Open” “Close”

(“Door”) .

k

attribute “Open” embedding

“Door” . embed-

ding region vector attribute “Open”

.
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12 HASC 3

1st 2nd 3rd 1st 2nd 3rd

1 Stay Walk Jog Stair down Walk Jog Stair up

2 Walk Jog Stair down Stair up Jog Stay Stair down

3 Jog Skip Walk Stair down Walk Stay Stair up

4 Skip Jog Stair up Stair down Walk Jog Stay

5 Stair up Stair down Skip Jog Stair down Jog Stay

6 Stair down Stair up Skip Jog Stair up Jog Walk

13 PAMAP2 3

1st 2nd 3rd 1st 2nd 3rd

1 lying standing sitting watching TV descending stairs car driving ascending stairs

2 sitting standing computer work watching TV descending stairs ascending stairs standing

3 standing sitting lying watching TV descending stairs ascending stairs sitting

4 walking Nordic walking running descending stairs descending stairs watching TV playing soccer

5 running walking Nordic walking cycling standing descending stairs sitting

6 cycling running Nordic walking walking running standing vacuum cleaning

7 Nordic walking walking running descending stairs watching TV descending stairs walking

8 watching TV computer work sitting lying car driving sitting computer work

9 computer work watching TV sitting standing playing soccer descending stairs car driving

10 car driving sitting computer work standing descending stairs ascending stairs lying

11 ascending stairs descending stairs walking Nordic walking descending stairs folding laundry sitting

12 descending stairs ascending stairs walking Nordic walking ascending stairs car driving sitting

13 vacuum cleaning house cleaning folding laundry ironing house cleaning folding laundry sitting

14 ironing folding laundry vacuum cleaning house cleaning folding laundry ascending stairs standing

15 folding laundry ironing vacuum cleaning house cleaning ascending stairs ironing descending stairs

16 house cleaning vacuum cleaning folding laundry ironing vacuum cleaning sitting folding laundry

17 playing soccer rope jumping vacuum cleaning house cleaning descending stairs computer work ascending stairs

18 rope jumping playing soccer house cleaning ascending stairs standing sitting descending stairs

14 OPP 3

1st 2nd 3rd 1st 2nd 3rd

1 Open Door Open Drawer Open Dishwasher Open Fridge Close Drawer Close Door Open Fridge

2 Close Door Close Drawer Close Dishwasher Close Fridge Open Door Clean Table Drink from Cup

3 Open Fridge Open Drawer Open Dishwasher Open Door Close Fridge Open Door Open Drawer

4 Close Fridge Close Drawer Close Dishwasher Close Door Open Fridge Close Drawer Open Door

5 Open Dishwasher Open Drawer Open Fridge Open Door Close Dishwasher Open Drawer Toggle Switch

6 Close Dishwasher Close Drawer Close Fridge Close Door Open Dishwasher Close Drawer Close Fridge

7 Open Drawer Open Dishwasher Open Fridge Open Door Close Drawer Open Dishwasher Open Fridge

8 Close Drawer Close Dishwasher Close Fridge Close Door Open Drawer Open Door Close Dishwasher

9 Clean Table Toggle Switch Drink from Cup Close Drawer Close Door Drink from Cup Open Fridge

10 Drink from Cup Toggle Switch Clean Table Close Drawer Close Door Open Fridge Open Door

11 Toggle Switch Drink from Cup Clean Table Close Drawer Open Dishwasher Close Dishwasher Drink from Cup
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7 PAMAP2
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8 OPP

.
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semantic vector

.

“Door” “Fridge”

.

15 8,

7, 6

HASC PAMAP2 OPP

4/6 5/18 0/11

1/6 8/18 2/11

15 2

OPP

0

HASC 2

5.4

. Zero-shot

Zero-shot

6.

2

OPP

6.1 OPP

??

OPP

“ ” + “

”

“open door” “close door”

“open door” “open Fridge”

9

3.4 2

2

“Open

Door” “Close Door” “Door”

. “Fridge”

“Open Fridge” “Close Fridge” .

“

(9 ).

3.4

“Close”

(9 ).

OPP

( )

k-

Zero-shot

Wikipedia
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7.

Zero-shot

Wikipedia
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9 ( ) ( )

“open

door” “close door”

“open door” “open fridge”

28%

Zero-shot

Zero-shot

[1] Perez, Alfredo J., Miguel A. Labrador, and Sean J. Bar-
beau. “G-sense: a scalable architecture for global sensing
and monitoring.” IEEE Network 24.4 (2010): 57-64.

[2] Lara, Oscar D., and Miguel A. Labrador. “A survey
on human activity recognition using wearable sensors.”
IEEE communications surveys & tutorials 15.3 (2013):
1192-1209.

[3] . “

.” = Bulletin of Shikoku
University 46 (2016): 123-146.

[4] Foerster, F., M. Smeja, and J. Fahrenberg. “Detection
of posture and motion by accelerometry: a validation
study in ambulatory monitoring.” Computers in Human
Behavior 15.5 (1999): 571-583.

[5] Tapia, Emmanuel Munguia, et al. “Real-time recogni-
tion of physical activities and their intensities using wire-
less accelerometers and a heart rate monitor.” 2007 11th
IEEE international symposium on wearable computers.
IEEE, 2007.

[6] He, Zhenyu, and Lianwen Jin. “Activity recognition from
acceleration data based on discrete consine transform
and SVM.” 2009 IEEE International Conference on Sys-
tems, Man and Cybernetics. IEEE, 2009.

[7] Parkka, Juha, et al. “Activity classification using realis-
tic data from wearable sensors.” IEEE Transactions on
information technology in biomedicine 10.1 (2006): 119-
128.

[8] Kwon, Yongjin, Kyuchang Kang, and Changseok Bae.
“Unsupervised learning for human activity recognition
using smartphone sensors.” Expert Systems with Appli-
cations 41.14 (2014): 6067-6074.

[9] Yao, Lina, et al. “Learning from less for better: semi-
supervised activity recognition via shared structure dis-
covery.” Proceedings of the 2016 ACM International
Joint Conference on Pervasive and Ubiquitous Comput-
ing. ACM, 2016.

[10] Lampert, Christoph H., Hannes Nickisch, and Stefan
Harmeling. “Learning to detect unseen object classes
by between-class attribute transfer.” 2009 IEEE Con-
ference on Computer Vision and Pattern Recognition.
IEEE, 2009.

[11] Wang, Wei, Chunyan Miao, and Shuji Hao. “Zero-shot
human activity recognition via nonlinear compatibility
based method.” Proceedings of the International Con-
ference on Web Intelligence. ACM, 2017.

[12] Cheng, Heng-Tze, et al. “Nuactiv: Recognizing unseen
new activities using semantic attribute-based learning.”
Proceeding of the 11th annual international conference
on Mobile systems, applications, and services. ACM,
2013.

[13] Palatucci, Mark, et al. “Zero-shot learning with semantic
output codes.” Advances in neural information process-
ing systems. 2009.

[14] Kodirov, Elyor, Tao Xiang, and Shaogang Gong. ”Se-
mantic autoencoder for zero-shot learning.” Proceedings
of the IEEE Conference on Computer Vision and Pattern
Recognition. 2017.

[15] Mishra, Ashish, et al. ”A generative model for zero shot
learning using conditional variational autoencoders.”
Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition Workshops. 2018.

[16] , et al. ”Zero-shot learning
.” (NL) 2015.4 (2015): 1-8.

[17] Lampert, Christoph H., Hannes Nickisch, and Stefan
Harmeling. ”Attribute-based classification for zero-shot
visual object categorization.” IEEE Transactions on Pat-
tern Analysis and Machine Intelligence 36.3 (2014): 453-
465.

[18] Fu, Yanwei, et al. ”Recent advances in zero-shot recog-
nition.” arXiv preprint arXiv:1710.04837 (2017).

[19] Fu, Yanwei, et al. ”Transductive multi-label zero-shot
learning.” arXiv preprint arXiv:1503.07790 (2015).

[20] Zhang, Ziming, and Venkatesh Saligrama. ”Zero-shot

― 133 ―
© 2019 Information Processing Society of Japan



recognition via structured prediction.” European confer-
ence on computer vision. Springer, Cham, 2016.

[21] Norouzi, Mohammad, et al. ”Zero-shot learning by
convex combination of semantic embeddings.” arXiv
preprint arXiv:1312.5650 (2013).

[22] Akata, Zeynep, et al. ”Label-embedding for attribute-
based classification.” Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition. 2013.

[23] Bucher, Maxime, Stphane Herbin, and Frdric Jurie. ”Im-
proving semantic embedding consistency by metric learn-
ing for zero-shot classiffication.” European Conference on
Computer Vision. Springer, Cham, 2016.

[24] Mikolov, Tomas, et al. ”Efficient estimation of
word representations in vector space.” arXiv preprint
arXiv:1301.3781 (2013).

[25] Mikolov, Tomas, et al. ”Distributed representations of
words and phrases and their compositionality.” Advances
in neural information processing systems. 2013.

[26] Reiss, Attila, and Didier Stricker. ”Introducing a new
benchmarked dataset for activity monitoring.” 2012
16th International Symposium on Wearable Computers.
IEEE, 2012.

[27] Roggen, Daniel, et al. ”Collecting complex activity
datasets in highly rich networked sensor environments.”
2010 Seventh international conference on networked
sensing systems (INSS). IEEE, 2010.

[28] Rei, Marek, and Ted Briscoe. ”Looking for hyponyms in
vector space.” Proceedings of the Eighteenth Conference
on Computational Natural Language Learning. 2014.

[29] zhang2015zero Zhang, Ziming, and Venkatesh
Saligrama. ”Zero-shot learning via semantic similarity
embedding.” Proceedings of the IEEE international
conference on computer vision. 2015.

[30] Cheng, Heng-Tze, et al. ”Towards zero-shot learning for
human activity recognition using semantic attribute se-
quence model.” Proceedings of the 2013 ACM interna-
tional joint conference on Pervasive and ubiquitous com-
puting. ACM, 2013.

[31] Aehnelt, Mario, and Karoline Wegner. ”Learn but work!:
towards self-directed learning at mobile assembly work-
places.” Proceedings of the 15th International Confer-
ence on Knowledge Technologies and Data-driven Busi-
ness. ACM, 2015.

[32] Ransing, Rasika S., and Manita Rajput. ”Smart home
for elderly care, based onWireless Sensor Network.” 2015
International Conference on Nascent Technologies in the
Engineering Field (ICNTE). IEEE, 2015.

[33] Ferreira, Emmanuel, Bassam Jabaian, and Fabrice
Lefvre. ”Zero-shot semantic parser for spoken language
understanding.” Sixteenth Annual Conference of the In-
ternational Speech Communication Association. 2015.

[34] Zellers, Rowan, and Yejin Choi. ”Zero-shot activ-
ity recognition with verb attribute induction.” arXiv
preprint arXiv:1707.09468 (2017).

[35] Guadarrama, Sergio, et al. ”Youtube2text: Recognizing
and describing arbitrary activities using semantic hier-
archies and zero-shot recognition.” Proceedings of the
IEEE international conference on computer vision. 2013.

[36] Hammerla, Nils Y., Shane Halloran, and Thomas Pltz.
”Deep, convolutional, and recurrent models for human
activity recognition using wearables.” arXiv preprint
arXiv:1604.08880 (2016).

[37] Matsuki, Moe, and Sozo Inoue. ”Recognizing unknown
activities using semantic word vectors and twitter times-
tamps.” Proceedings of the 2016 ACM International

Joint Conference on Pervasive and Ubiquitous Comput-
ing: Adjunct. ACM, 2016.

[38] MATSUKI, Moe, and Sozo INOUE. ”Toward Recogniz-
ing Unknown Activities Using Word Vectors.” (2016).

[39] Zhang, Ziming, and Venkatesh Saligrama. ”Zero-shot
learning via semantic similarity embedding.” Proceed-
ings of the IEEE international conference on computer
vision. 2015.

[40] Akata, Zeynep, et al. ”Evaluation of output embed-
dings for fine-grained image classification.” Proceedings
of the IEEE Conference on Computer Vision and Pattern
Recognition. 2015.

― 134 ―
© 2019 Information Processing Society of Japan


