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Abstract; Using multimodal heterogeneous sensors to form body sensing networks (BSNs) is one of the most impor-
tant ways to continuously sensing users’ daily activities,but high energy consumption is the main reason for restricting its
development. This paper presents a multimode heterogeneous collaborative sensing method for Parkinson’ s disease to reduce
the energy consumption in sensing the daily activities by BSNs. The proposed method divides activity recognition into two
sub-tasks which contain activity detection and status monitoring. And it uses one multi-classifier to model activity detection
task and several binary classifiers to model status monitoring tasks, which are based on the chosen optimal sensor sets. Exper-
imental results on two public dataset show that comparing with the conventional method whose sensors run all the time, the
energy consumption on data transportation and model computation is reduced by 40% in MHEALTH and 15% in PAMPA2
approximately without losing activity-sensing accuracy. Thus it can help extend the lifetime of BSNs to sense users’ daily
activities long-termly and continuously.

Key words: pervasive computing ;collaborative sensing ;activity recognition ; Parkinson’ s disease ; multimode hetero-

geneous ; sensors ; Internet of things

Wk H 9 :2016-11-11 5 & (8] H 1] :2017-05-04 5 53 AE 2 i - B PA4R

FATH - E R ARPBLERES (No. 61502456 ,No. 61572471 ) 5 b mt i Bl 248 R 2 514 ¥ Bl ( No. Z161100000216140 , No. Z171100000117013 ) 5 [ %

S (No. 2016 YFB1001401 )



660 i, F

EE ¢ 2018 4F

1 5|8

VEAFEWE A5 T0 A% B AR 1 & e, J0 H R ] 2R B
PP G 7 RS T A A AL A B A A
JZ % ( Body Sensor Networks , BSNs ) §E % 3@ 1< 1 it [ia] 252
TE H 5 A3 v S B IRAT Ay 1) 4 T RE 2 M T, DA T
1E 48 [ BRIz s Rt 7 2B 1T I 58— 100 46 AR PE Al i 3R
(Movement Disorder Society-Sponsored Revision of the U-
nited Parkinson’ s Disease Rating Scale, MDS-UPDRS) """
M8 T, B WGE— B WA 4 #R K ( Parkinson’ s Dis-
ease, PD ) FLIIE Sl IR PEAL SR AL D 7 2.

I, >R I BSNs Xk AR Sy 3747 4R 5 s 0 3 R
FH TR 28 PN 4 350 2 SR 28 AR 2 AR B ML, A S0 K o
MYREIE RIS BE IR, 7 HLA% S 00 28 A B 1% 1153 5 L A
fiff 2 ] T2k A% i F1 A, e O R R M BR 1 BSNs 78 H #
A TG O PD Sz Bl RE R I AN PEAG . S AR P AT
SRR v Y % 5 RN RE 5T AR, AR SCHR T T ] 46
AR 228 S 4 B RSN O 12, AE S B L P AT
SRR [, JS AT R 2D A B % I 2 A% i 1 e
i, T REAR LA (25 I RE TR W R TH #E.

2 MEXIE

SR, 7E A T BSNs 147 B RO 7 o, A BR 1Y
TR o R BRI S 2 M I 1 B ) R A e
MRS —, B2 M T — BT R B 58 PR Gedik
B N B A TP 4 TR AT R M I AR I
SRS SN R AR TN 2 oy AR SR TR 7 A 3l o oD A
(1) 1 SRR R SR R IR T 5 Willewt %5 ™) Sig i 5 />
e IR RIS 3t 3R] 4 BT BRI, ORI AR A TR0 4 SR 4
P 2y 254 ) S A AR, T A DR A5 5 SR A A R A
YERA A ) 1] 20 0 10 A2 i i DA AR 1 )
245 (¥ T REANGE 15 1 77 5 Ngai 26 N EF X TFHL A 45 1% 8%
ot M RE AL S s 2L J8C Y BSNs, 488 H — PP Al J8 R 2 dls
JRRE R 7 %, B2 B AL TR ) SRAE % LA S BRAE AR IE
Kot o i 1 [ I AR D RE. SR T, H A3 1 A D7 vk AN A
BT AR I Z A B IR] 56 AR, A5 A T R SR ik =
BERIE 1T HL B 25 R AL T B A v R A B R Y
IRE. N 1 2t — 25 AR AT D SR IS B 5 R 119
UEFNGT IR FE , A SCRIBE 3R R T - 2L 8- 2 00
FAT PR, AL - AR AR S
F14 BB ) TR AL A

3 EEHERFHNSESFAMERMTE

T AR BSNs S H AT i R
DIRE ASSCHR 1 1 [ WA <5 R 1Y) 20 5 25 54 ) [ Jek

J1 /5 ¥ ( Parkinson ’ s Disease-Multimode Heterogeneous
Collaborative Sensing Method , PD-MHCSM ) , H: & {4 HE 22
FElaniE 1 .

ORI

2O BRI IR »
f P ¥ ey | w1
N @ :\_AI ;{j‘(ﬁﬂ An ,:

PT T i AR 4 2 e K D ) RS R

3.1 ETEEEanERSB[EETE

ARSCERE Y J5 1 B HE R B X AT g AR50 AR 28
PR e PR IR I AL I 4L 5, B R AE T 470, X
i I P Tk 2 W AR BSNs ZHAE , 21 R 77 i

f BH g R R R B AR bR
— B R TR AL T ik R R AR AR F X o)
MR BT R E , — M SO RRAE 1 BLAT 16 2531
i ARRAIGNM G R 2, ma (1) ~ (3) P

InfoGain(F,A) =H(A) - H(AIF) (1)

H(A) =- iPr(Aj)logPr(Aj) (2)

H(A| F) =- 2 ZP;?AJ.I F = v)logPr(A, | F =v)
- (3)

Hrp JH(AVF) FH(A) 53 3 FRAE F O B S I 4526
S5 B, 1 R0 25 B ME R Pr(A,) I 5 50 HE
RHITAGTT

FERFIEAS B 25 08 &, 48 th—Fh B A% 2
DUBRIE I 5 125 AR IR S I DTHREE i 5 A G R IR I 15
S 85 Z FNEAT R, AR AN (4) R,

InfoGain(S) = ;InfoGain(Fj) (4)
Horp, F 2278 IZ A% B2 B0 h S IO &6 j AT
FRAE.

KOs iy AR MG B S T A A 2
RS S R A% A, 4R B L A0 A% s 41 5 VR S i i Al
T REEE )15 -

3.2 ihEERAMER

T ] 146 86 114 22455285 S ) DI [l RIS A ) Y PD
FASC H AT 2y i B RS B AT S I 43 S AT R iR
SRR 5 0 P A RS (AN 8 3 s ), AL AT iR
(2202 n) ) R AL T A7 R Ja , A B o g B
FRPPR A A0 ( 53 288 [ 0 ) AR W P P A 2R e A
Ak, TR ) do R bR Y O R T
I SR AR EE RN GE VR, BSNs 2 (R T FEAS DAREAIK.



%3 IR AR < AT 1) Y < R FA) 25 25 S A4 b [ SRR D ¥ 661

M (50
O,
©

(e
F2 P AT R ERASAY c

Mty ZEUN A P AT g Ry m, A7 S R AR
HIAT: 55 2 R T P Ak A Fp AT Ry op, W R — A4S m 26
412545 (Multiclass Classifier, MC ) E4TZRAE ;DR 7S W i 452
RUBAT: 55 S 000 0 FH P 94T RS2 5 & A2 A, 7T m
AT 432548 (Binary Classifier, BC) #4738 AE. 3£ F47 8
TSR (14 55 S 6 52 ol P WP — A bR 285 S A 7Y i R
ASMEIEA  ZRYEE T I AT A O AL

L IR m AR MC I REE R =1,
mi i FRE LA AR G R = 10,10,
A3 RS B MR 285t I A5 B Py ] AR AL A an =X (5 ) |
(6) PR, Horh flag! e RAS W B R oy § A~ 328
ar I PREIRR S, flag™ FRAT AR B A B[R] AR 5.

=i

1
flag ={ 5
g {0’ o ()

ar
&F
St
:&iﬂ
=
&7
B

flag™ = (6)

{1’ oy =0

0, Nfr#0

4 W5

4.1 LWFEE

A K ¥ 3 Intel Core i5-2320 CPU ( Y %%,
3.0GHz) Fl116. 0GB RAM [ PC Windows 10 1F 52503
5%, {8 F MATLAB 2015b 1E R 157 6. ik HA 5
4 MHEALTH'"” """ §i1 PAMAP2"7"* S 474 BL 52 5, 43 31
WE T 10 AL F9 LI AT A E AT (b Sr AT
AESFEH AT R, RS A TR K FL A3 A an 3 1
Jr7w A R R I RAE A 26 54 K F S0Hz, GBS 2
TR K.

PD FLHAREARAE DU B AR T3 5 B S, LR SR
IR AL T B R B TS 7 L B IR A AT B R T
T AL B AN S S, N 5 2 A R TE AR
BT DU A Rk e B AT R, SEEU R
170 AR PEAL 32 2l R ) G BT . DRI, AR ST
P A P o B R B ST AR i AT 4 FPE R
AT RIEATILES. N3k 2 FivR , FEF 200 R 17>
TONBERL T 300 DU R A 20T R 5 36 T o e g it

DR A SIS RY R T 8 R FH P A7 o e 1 R A A2k
®1 BESEHRLET

S P pres) e
TTIan AR
KX R T
it MR
MHEALTH T & AL
B oL JE B
R ML
I C Wi
I s 1 HAccl
TR 2 HAcc2 -
i T, PR
BT HMag
S pE 1 CAccl
M2 | CAe
PAMAR2 BRI CGyro bt
BTt CMag
I 1 AAccl
ﬁ"fgg 2 iﬁyz O R
R AMag

HCHE 1AL L A SR FI W 3h B F B a4 e
HEAT 3 WAl B, K B 4 S R AT 4R AE 52 RN A T A U5 Y
Fe/INEAE. SRR F P AT O B JEHORS B2, 7 R/
B s, BRI E SR 50% , IEHAH P AT R 0 fe /N ]
] A 0. 5s. B X K4 >R A i 2 v B AY “ Bodls A 1
" )R, 7 S 56 T A P A v SR BT SRAE 1 T AR IR
RN ik o v A 4R T by G A i 0 i 4 7.

I3 AR A SCAR S 1) 22 S A B3 ) 2
PR AT R 3 S AT S R 5 RS I A AT 5%
G203 S 4% A 4y e AT 1R, Ay AT AL B EY |
GRid B TR SRR 22 40 ST T4 SIS R) L A PR A 2T L
( Extreme Learning Machine , ELM) “"’Wﬁigé}%%&.

R2 DAEB|EI

5 17 RARAS B3 Jiibz
Multi PRI R EZ et 17 RIS
Stand WA
Sit Ak

ZAHER RS W
e s 53 4% RS W
Walk &

4.2 BHERREF

el ) A S i TR0 5 T A SRR AE 1) 5 B
fi , RECAE I B BT R IR WL A AT D GETHARAE , L5 2
{67722 AnifEZe %R G (R SRR E e IME. B
3 Oy MHEALTH Y476 5 v 22 58 25 4% T A8 % T 47 - 51
RETRAIAR S IR f) 15 89 4 (7 PAMAP2 i 48
EREEREG Z KAL) . AT LAE W [ — AL AR XA
()52 5 1) 5T MR 2 S [ 9, B A S U A B R



662 i, F

EE ¢ 2018 4F

ARG £ 5 X0 1k 10 A5 AR 24 & R 2 Y, R A
.

N T IR A BN AL B AL, 1 IS B 45
P04 2R AR I, B X AR LA R AT 10 37
A2 S 5 AR B 00 3 ) 8 e 0 10 1) 1 SR
. AR AR U 14 HE 1 5 0 T 1] 32 5 A A1 19 15 R

FERHT IR B LS M PR A

ot Al A A

G, R EIRERIE RE AN D FE 2 6] 1 F- 7, L& SR An 2k
3 R, AR — N RR AR S T, SO PRI H Bk
A W DA A 5 S/ I A AR B T R R
AR (B2 T B ) 20 ) DA A TR B i 5
TR BRI AR T R RE TR AE.

7 xS AR 4 FERHATE MDA
T T T T T T T T T T T T T T T T T T

C AL GL ML ARGRMR
ek (3= ey

C AL GLML ARGRMR C AL GL ML ARGRMR

3 MHEALTHEE S o 225 A0 AL B oh 2% 7 SRR Y 5 B0 7

]8 T T T T T T 4‘5 T T T T T T T 5 T T T
16 4.5
4
14
35
12
3
10
i}é{\i 3_%_%2.5
S uia}
g I
40 fild
= 2
6
1.5
4
1
2 05
C AL GLML ARGRMR C AL GL ML ARGRMR
LIk [ 32
*3 BERNSESERFAS
Blidk P (LRI A B2 B
Multi AL,AR,C,GL 234
Stand AR 61
MHEALTH Sit AR,AL,GL 63
Lic AL,C 21
Walk AL,GL 112
AAccl ,AAcc2 ,AMag,
Multi 286
CAcc2,CAccl ,CMag
AAcel ,AAcc2 ,AMag,
Stand 21
CAccl ,CAcc2,CMag
PAMAP2
Sit AAccel ,AAcc2 , AMag 103
Lie CMag 306
AAcc2 ,AAcel ,CAcc2,
Walk 126
AGyro,CAccl ,AMag

4.3 {RINFEMHEREIER

7£ BSNs TAF i3 F2 v, L ) 46 32 22 ok 5 F 04 8
fi5 ™ T I BE A R b I R O U TS R AL A
MHEALTH Fi1 PAMAP2 1 4~ %54 5 1R B — 38 L5
WEJ5 2O AR SO ¥k 5 1L GE i) M A5G IR AR AR 22 T
VERY IV REAT R LG , MU AR 2R 0 5t ik ] A4 2

0.9 0.9 4500
0.8 4000
0.7 | 3500

E 0.6 ;\; 3000

=05 2500

504 & 2000

#03 #1500
0.2 1000
0.1 500

0 0 0
WY A RS AT WG % AT
El4  MHEALTHEELE FA SOk 56500 ki HEREXT Lk

0.9 5 2.5 x10*
0.8 45
07 35 .
s 0.6 : =
=05 =13
@ £ 2.5 o
g 04 £ 1
#03 L5 =
0.2 0.5

0.5

0 0 0
WY A G A WG % AT
5 PAMAP2EHEAE A SO ik 5L 58 )7 ik R REXT Hh
B AT e, g R an i 4 FE S iR, ATk
B S TAE 7 VLA B, B R T EAT A AL B A7



%3 IR AR < AT 1) Y < R FA) 25 25 S A4 b [ SRR D ¥ 663

S VRO TR 5 R 285 M 0 A TR 8 5 5 D) e 5 AT O
SRR W AT R, (H R B AR SO 5 RE A% X AR OC
P B AT AT A RO i T AR I e
I BEE BD pAR J s OF B R a5 2 0 A
FH L AT TR A G B D A B UL DRI A D
() A gt e Ty TR B T A RO PEBE.

5 HFitERE

R FEAIG BSNs JBAHIIA 4 ZRA6 40 56 H 5 17 0 I TIFE,
AP T RS A U R B vk, T 24y KR
Ay AR AT H R AT R AT 8 B UK 2
I, DEAT A s 4 Bl ) 9 B2 [ I, AS SCH T — b
15 80 35 10 A% JEs 1B 7 0 v, 1 4 PR TIE 8 1
W AR SRR AL A 3 3 (5 B S0 B0 E , $2 4 19 O vk g
g%t PD iz Sl PRI T T (0 DU RN AT A 547 A 550
It H AN 4 2 28 dl A A v ) 4 X 1k RIS A2
JE B T 47 A B ot A vl B5CHRR £ o AR R 45 1) 1)
¥E, MM 4EK: BSNs 14801 75 i

S7%5 3k

[1] BACHLIN M,PLOTNIK M,ROGGEN D, et al. Wearable
assistant for Parkinson’ s disease patients with the freezing
of gait symptom [ J]. IEEE Transactions on Information
Technology in Biomedicine,2010,14(2) :436 —446.

[2] FERSTER M L,MAZILU S, TROSTER G. Gait parameters
change prior to freezing in Parkinson$s disease:a data-driv-
en study with wearable inertial units[ A |. Proceedings of
the 10th EAI International Conference on Body Area Net-
works[ C]. Sydney, Australia; ICST,2015. 159 - 166.

[3] PIERLEONI P, PALMA L, BELLI A, et al. A real-time
system to aid clinical classification and quantification of
tremor in Parkinson$ disease[ A |.2014 IEEE-EMBS Inter-
national Conference on Biomedical and Health Informatics
[ C]. Valencia, Spain:IEEE ,2014. 113 - 116.

[4] AHLRICHS C,SAMA A ,LAWO M et al. Detecting freez-
ing of gait with a tri-axial accelerometer in Parkinson’ s
disease patients [ J ]. Medical & Biological Engineering &
Computing,2016,54 (1) ;223 —233.

[5] TRIPOLITI E E, TZALLAS A T, TSIPOURAS M G, et al.
Automatic detection of freezing of gait events in patients
with Parkinsons disease[ J]. Computer Methods and Pro-
grams in Biomedicine,2013,110(1) ;12 —26.

[6] DEL D S,GODFREY A,ROCHESTER L. Validation of an
accelerometer to quantify a comprehensive battery of gait
characteristics in healthy older adults and Parkinson’ s dis-
ease ; toward clinical and at home use[ J]. IEEE Journal of
Biomedical and Health Informatics, 2015, 20 (3) . 838
- 847.

[7] MOKAYA F,LUCAS R,NOH H Y, et al. Myovibe : vibra-
tion based wearable muscle activation detection in high
mobility exercises| A ]. Proceedings of the 2015 ACM In-
ternational Joint Conference on Pervasive and Ubiquitous
Computing[ C]. Osaka,Japan; ACM,2015.27 - 38.

[8] EFTAXIAS K,ENSHAEIFAR S,GEMAN O, et al. Detec-
tion of Parkinson’s tremor from EMG signals; a singular
spectrum analysis approach [ A]. 2015 IEEE International
Conference on Digital Signal Processing [ C ]. Singapore :
IEEE,2015. 398 —402.

[9] RAHMAN T, ADAMS A T,RAVICHAMDRAN R Vet
al. Dopplesleep: a contactless unobtrusive sleep sensing
system using short-range doppler radar[ A ]. Proceedings of
the 2015 ACM International Joint Conference on Pervasive
and Ubiquitous Computing [ C ]. Osaka, Japan; ACM,
2015.39 -50.

[10] GOETZ C G, TILLEY B C, SHAFTMAN S R, et al.

Movement disorder society-sponsored revision of the uni-
fied Parkinson s disease rating scale ( MDS-UPDRS) .
scale presentation and clinimetric testing results [ J ].
Movement Disorders,2008,23(15) ;2129 -2170.

[11] GEDIK B,LIU L,YU P S. ASAP:an adaptive sampling
approach to data collection in sensor networks[ J]. IEEE
Transactions on Parallel and Distributed Systems,2007,18
(12) :1766 - 1783.

[12] WILLETT R, MARTIN A, NOWAK R. Backcasting:; a-
daptive sampling for sensor networks[ A ]. Proceedings of
the 3rd international symposium on Information process-
ing in sensor networks [ C]. Berkeley, California, USA;
ACM,2004. 124 - 133.

[13] NGAI E C H,XIONG J. Adaptive collaborative sensing u-

sing mobile phones and stationary sensors [ A ]. 2011

IEEE/IFIP 41st International Conference on Dependable

Systems and Networks Workshops[ C]. Hong Kong, Chi-

na;IEEE,2011. 280 - 285.

KULLBACK S,LEIBLER R A. On information and suffi-

ciency[ J]. The Annals of Mathematical Statistics, 1951,

22(1):79 -86.

[15] BANOS O, GARCIA R, HOLGADO-TERRIZA J A, et

al. Mhealthdroid: a novel framework for agile develop-

—
—_
~

[

ment of mobile health applications [ A ]. International
Workshop on Ambient Assisted Living [ C ]. Madlaga,
Spain: Springer International Publishing,2014.91 -98.
[16] BANOS O,VILLALONGA C,GARCIA R,et al. Design,
implementation and validation of a novel open framework
for agile development of mobile health applications [ J].
Biomedical Engineering Online,2015,14(S2) .1 -20.
[17] REISS A,STRICKER D. Introducing a new benchmarked
dataset for activity monitoring[ A ]. The 16th IEEE Inter-



BBRE 55,1991 44 Tl AR B B0
R ERL A B S R AT S BT I A A R
W5 T5 0 A AL S T A

E-mail ; yangxiaodong@ ict. ac. cn

PraiiE (BEIEE) 55,1973 LTI
I BUA P R 2 BT SR BT 58 T 52 0t
FEWSTT A AL H S ST

E-mail ; ypchen@ ict. ac. cn

T 55,1985 SR T IARHY;. B
R BT S BOR BT 52 BT B BAT 5 b1 T
FEI7 T8 g AL A 5

E-mail ; yuhanchao@ ict. ac. cn

W 20,1992 R4 TN AP BN T
R BT S BOR B S B A LA g A
FEI7 o] M AW 55 1

E-mail ; zhangyingwei@ ict. ac. cn

664 5] e = 1 2018 4F
national Symposium on Wearable Computers [ C ]. New- lightweight and accurate activity recognition model for
castle, UK IEEE,2012. 108 - 109. mini-wearable devices[ J]. Pervasive and Mobile Compu-

[18] REISS A, STRICKER D. Creating and benchmarking a ting,2014,15(1) ;200 —214.
new dataset for physical activity monitoring[ A ]. Proceed- [20] FALLAHI A,HOSSAIN E, ALFA A S. QoS and energy
ings of the 5th International Conference on Pervasive trade off in distributed energy-limited mesh/relay net-
Technologies Related to Assistive Environments [ C ]. works: A queuing analysis| J|. IEEE Transactions on Par-
New York,USA:ACM,2012. 40. allel and Distributed Systems,2006,17(6) :576 —592.

[19] HU L,CHEN Y Q,WANG S Q, et al. b-COELM A fast,

EEE N

O3 2, 1991 AR T IR Bl o
FE R BT BB 58 B R L B 5 A
WL PPN R ERSEL ST

E-mail ; zhongxi@ ict. ac. c¢n

HMFE 01991 SR TS DERR.
g o o 2 B T B PR BIE 5 B B 0 5 A
ERWITETT 10 AW S &

E-mail ; huziang@ ict. ac. cn

X 5h 20,1955 AEAETIARFEE. Bl
AR AR BB A S TR B HR, LR A
VAT WA R R QT 5 2 N R e e Y & e
BT o A L RE SRR B B

E-mail; hongliu@ sdnu. edu. cn



