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A Recognition Method using Accelerometers
for Combined Activities

Kazuya Muraof! and Tsutomu TERADATLT2

Many activity recognition systems using accelerometers have been proposed.
Activities that have been recognized are “single” activities which can be ex-
pressed with one verb, such as sitting, walking, holding a mobile phone, and
throwing a ball. In actual, however, “combined” activities including more than
two kinds of state and movement are often taken place. Focusing on hand ges-
tures, they are performed not only while standing, but also while walking and
sitting. Though the simplest way to recognize such combined activities is to
construct the recognition models for all the possible combinations of the activ-
ities, the number of combinations becomes immense. In this paper, we propose
a recognition method for combined activities by learning single activities only.
Evaluation results confirmed that our proposed method achieved 0.85 of accu-
racy, which is comparable to the method that had learned all the combined
activities.
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Fig.1 Acceleration of a chop gesture while running (left) and while standing (right).
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Fig.2 Recognition flow.
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Fig.3 Procedure of activity classification and activity recognition.
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Fig.4 Accelerations of chop gesture while walking (left) and autocorrelation of walking (upper
right) and chop (lower right).

0000000 1-»/NOOOUOOODe(0<a<1)0OO0OUOOOOODOOD 060
gooooboooooooooooboooooobobod b o000 100001000
goobobobooooooobooobobbe0bobOOoooooboobOboOooobOoo0ooon
goboooboooobooobooboooboobou0 c0bOoobOooboobobooDbn
ooobooooooobooooooobooboooobooooooo

3.2 00OO0OO0OO0O0ODOO

gooooooooooooooobooooooooboooooooooboobooooooon
gooooooooooooobooooooooboboooooDbobooooooDoboOoOon
00000000 SVM® 0000000000000000000000000000
gogoobobobobOOOoO0obOOOoOooobOObOOoDOOOb0OoOoOoDObOOoOOOOoODOO
goooooooooooooboboooooboooooooboooobooooDoObDo
gobooboooodooooooobooboodbooooooooboooooboooooon
svMOOO0OO0OO0O0oOO0O000o00o00o0o0o000oo00o0ooo0oooooooooo
0000000000 DTW® 0000000000000 0000000000000
uoboobooboooooobooOobOO0O0oOOoOoOO0O0OOO0O0OObOOObObOObODO
oboooooooooooooobooooOoboOooooboOooOoooooOboboOooooboo

oSsvMOOOOooooOoOoooooooooo0ooooooooooooooobTWOO

ooooooo

3.21 00000O0OOOOO
SVYMOOOOOOOOO0OO0OO0O000D000000000000000Y000000
000 (@1,51), (T2, 92), -, (xs,yy) 0 2000000000000000000a; € RY

(© 2012 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

000y e{-1,+1} 0000000000000 0ODOOODOOOOOO 2000000
Owxxex,+b0000000000000000O0O0DODODOOOCOOOOOOOOOO
goboooooobo 2000000000000 O00DOODO0DOODOODOOOOODO
gobooobooooboooobooooboodooooooooooooooodd wOO
Oy00000oooooooooooobooooboon

1
min §||'w||2 subject to yi(w*x; +b) > 1, Vi=1,--n (5)

00000 LagrangeOOOOO0OOOOOOOOOOOOO0OO0O0O0O0O0O0O

f(x) = sign <Z iy * ¢ + b) (6)

i=1
00000000000000 Lagrange0OOO MO 0O0000XN >0000 ;00
goboooooboooooooob s 00bbo0ouobooooboooooboobooooooo
O00Lagrange 00000 0< ;< C(i=1,---,n)000000000 COOOOOO
gooooboooooooooooobooboooooobooboooooooooobooooooDooboo
oooooooboooo.

oboooobooboooooobOoooobobooooboboooDbObbOOoDOo
C =50000000 SvMOOOOOOOOOOOOOOOO0OO0OO0 svMOoOOooooOo
SsvMO2000000000001000000000000O0O0O0O00O0 SvMOOOO
000o0o0o0oo0ooooooo NOOoOoOOooooo svMOoooooo

3.2.2 OJUO0ODOOOODOOOOOOO

goboooodooooobodoooooooboooooooobocoooooooboooboon
gooobooooooooboobooooobobooooooobooooooooooooboo
gooobooooooooboooooooboooooboooooboooooooboooooooo
ocoooOoOOo0oOooooooooooOobOOOOOO0oOoOooooooOoODTWOOOOOO
oooooooooooooooooOoooobooboooooooooobTWwOoOoooooon
goooooooooooooobocoooooobooOoboOoobooooOoboboOoooooboobo
oooodoooboooooooooooOooOoOoOoOoOooOoOOOO0UbODODOoOoboOoOoooon
0ooo2000000000000000C0O0O000000O0O0O0O0O0DTWOOOO
gooobooooooooooboooboooOoooooooooooobooboOoooooboo
ocooooOooooooooOoOoOoobDTWOOODOODOOOOOOOOOOOODOOOO

Vol.2012-MBL-61 No.20
Vol.2012-UBI-33 No.20
2012/3/12

0000 HMMOOOOOOOOOOOOO DTWOOOOOOOOO00o0ooooooo
O0000O0OOHMMOOOOOOOOOOOOO0O0OO0OO00O000000000000
O0ODTWOOOOOOOOOOODODOO0OHEMMOOOOO0O0O0O0000O000000
0000000O0O0HMMOOOOOOOODTWOOOOOO0O0O0O0O0O000000O
00000000000000000000000000000000000000000
0000000000000 DTWOOOO0O00O
0000000000000000000 mOO0O0D00O000000O000X =
(21, ,2m) 000 nO00000D0000Y = (41,+,y») 0000000m x n 0O
0 d(z,y;) = (v —y;)?000000000X000 YOOO0O0O0O0O0O0O0O0O00O0OO
0000000 W = (w,---,ws) 00000000000000000 30000000
ooo

e JOODO

w1 = (1,1),wr = (m,n)
e OO

w = (a,b),wg—1 = (a’,b') =>a—a <1AbD-V <1
e OO

wi = (a,b),wg—1 = (a’,b') =>a—a >0Ab—-V >0
gbobobobooboooooooooboboboboo
(1) Initialization:
DTW(0,0) = 0
DTW(i,0) =oco fori=1,---,m
DTW(0,j)=occforj=1,---,n
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Table 1 Recall and precision of recognition.

gbooooboobooboooboboobobboboobobooobobobobooo
gbboboboboboboboobooooooboboboboboboboobo

Activity Proposal SVM DTW
Global Local Recall Precision Recall Precision Recall Precision 4.3 OJO00O0O0O00O00O0O0O0O0O0O0OO0O0O
Cho 1.000 0.917 0.925 0.633 1.000 0.950
Throf:v 1.000 1.000 0.839 0.942 0.996 1.000 gooo0dooobodooooooobdoobooooooboooooooooooooo
Punch 1.000 1.000 0.874 0.989 0.964 0.996
Stand Clockwise 1.000 1.000 0.397 0.426 1.000 1.000 0ooddooboooooobooooobooooobbobooooobOooooooooa
?tl‘;l“kg‘lse é'ggg 0?82 ?'ggg 0"f61 1‘888 0'?20 dddodoooobobobbooddooboobooooobooboooooooooobooa
Raise hand 1.000 - 0.996 - 1.000 - dodoobobobobodooodoboooooooooboooooooooooooa
Null 0.999 - 0.919 - 0.993 -
Chop 1.000 1.000 0.736 0.866 0.993 0.908 gooboooo
Throw 0.955 1.000 0.840 0.296 0.842 0.983
Punch 1.000 1.000 0.880 0.680 0.920 0.625 uoooooobobooobboooboboooenonoonooooon
. Clockwise 1.000 1.000 0.831 0.503 0.805 0.914
Sit Anticlockwise | 1.000 0.955 0.855 0.473 1.000 0.471 (1) boboooobbobooobbOOOOObDOO0OO
};{‘Dldﬂ;obi;e 1.000 - 1.000 - 1.000 - godo0o00bO0ooo0oo0oooooooooooooa
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Thow | 0915 0917 | 0800 0800 | o8 oses (1)000 (2)0000000000000000000000000000000000
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