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Abstract The Internet of Things realizes the connection of human and objects. Activity recognition is
necessary for the interaction between information sensing devices and human. Currently, vision-based and
sensor based methods are widely used, but these methods are limited in many scenes. In this paper, a new
radio-frequency-based activity recognition technique was proposed, in which a few communication nodes were
deployed in the monitoring area for the device-free activity recognition by analyzing the transmission packet
state information. The sequential minimal optimization and K-nearest neighbor algorithms were employed for
classification. The classification accuracy of walking speed of the proposed method is improved by 25.1% on

average compared to the traditional method based on received signal strength indication.
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Fig.1 The communication module for activity recognition
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Fig. 3 Filtering noise of packet receive rate sequence
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Fig. 4 Diagram for the adjacent decoded packets

L. i 2 b ML AR IE W g . £E
A timb, SRR IER W 1,
1M, X6 AT I Bt B3 i e 1e) B K 2, FOAH
AR L IR, K LA T H TR bR A Ho s R 3 HR
sk, FHAT p, i AE 1) b e R e 4
PEE o ARARAR LE 18] b5 1 K £ 2 18] (R A 5 i
Ko WIZRTRAEIX—Binl g 2 2847 5 2 Hdle 1 2%
Ko RIS 1) AR B 25 U R] LIRS s i B
I T A 5 i P A L

%=% m=ﬁiﬁ (4)
P, I,

Ferb, by AR i ANARLE N IR ][] b St i Ay
Ty L RBMERS. REUE=ASE, EX
LU W

m

0 ZR
ui: aleagi/maX(Z)_i_ﬂX j:l ! x mean(Lac)i (5)
max(R) max(C)

Hdr, 7« R AT C 4552 PYAS 3 IR S 56 B 6f
N =ANETEREE S, ]k

Z={Y acf |, > acf }

R="'R,,~, > R,} (6)
C={mean(L,.),,-,mean(L,,), }

SN R IR S B S R EL R —
JEE A5G I S PR ARABLRR B, T P ARy S 481 5 A
ER AR . o p Ay RE=ASHN
R, I YRR AR 1 Ge T A5 T R 4
(B Y0 Bl P RE A BIT o 1) LU A R 2 A A A, L
W R &4 20 NN 0.5 m/s FIFEA, g



58 4 04

H PN 2015 4F

14 ANFEAR TR B PE T HE YL, TR g H
iR 0.7,

W AL SR AR P A acfs R, A
Lo TEMUHBERIZ B A N1 0, KA [ T8 P55 55 ¢
BT EA,  REAF HE AN AL B A GO Y, e, B
Flo 0F P2l noresl, v w, IERIT]
BEATUCHCAR R (TR R, SEIRARHE A R %12 80 H bR
IENEBIER AV

3 IR

Ot WRIE S BT A 11475 25 RE A% A1 80 U] 55
PRAEATIN DX IR B, AL bR 5 N AT A
S8, I HRHI 20 SR IK 53R 06 45 21 1y fk 2t
ITee FAREE.

3.1 RABERRTES

SCHRCR A 1 R (A A A I R e,

WA 5 Prose Al Y sl RO A ST R 26

A e
N
==&
A&

TX: RS

RX: I A

5 RAFTARANBENIHR
Fig. 5 The test bed of our experiment for activity

recognition

T AT A R R DR (10 G A P o, T AR R
IEEo O TN RS TR T, DA A
FCARLEAN R AR, DRI B WA £ — A i
HREWOR B AN A o A5 o S B ARG 1 X 45
A 12 my T8 15 m FGERRAS . SEIAE 2.2 75
S SR FET A (2) NHEATAT I, BTG A I 2482
W I AR MR TR B R L, B AR B 3
BRWCR IR, AP IR AE S5 AR SE B (1) 3 5t

SFHPRIPIRES, FEXITEN . A Nk
Sy A MNTE A NS DU SO P A7 IR
07 AR RS R E ) R4 1) R & 1) 2% A
N AR DR A i AT A IdGE B A
SJBAEN AT A, RERAT N AT 20 K. XY
oo R AL B BiE, DL 25 AMERTE N
KAHER RS, 2 Ja LR FIEME . A
Ji#E AR RRHE, 3o e o B MG S
% (Sequential Minimal Optimization, SMO) fl K-
BT 45 157 (K-nearest Neighbor Algorithms,
KNN) % B4 A A Weka BpF0E47 23261,
iRk 1 s

58 17) R B FRUREI I i A P AR DU X 3,
A A BT RO N A S B IR, DRI R B
L 1M R AR = T Rk WK 1
R DAE Y, DX e N R AN S A ) o 3
MRS, TR (TR 32 28 A A 8 AT
H1Z [\, PYMRAS IR B 92.8%. &
AR s, 238 ) DA TR A DX 20 il DX 3k 15 A N
WL AT APIRES, TS s 3 I
WCEARASFE Y, AT RLHEAT HARAT AR e 20 A
32 WAERE HEREYIR 5

T 5 2, T LR P R B IR AN [+
SRR TR P A ZE 0 . A T BRAIE SR RGN A
[T H BRI O R, 7 AL (B4 5 4
TR 2 4%k, Bl 160~180 cm) , 7353 LA
T RE R A A LA b 7 i B 2 T 2 R A ) X



6 3 B, A JET AT T I A SAT AR AR ) 59
F1 MR IARE KRB
Table 1 The confusion matrix of classification activities conducted by the subjects
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based on the data collected from different subjects
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Table 2 The confusion matrix of classification movement velocity

AT IR 150 0 B8 J VAT A AL

bk SMO SR IEHIBE KNN - ST R b

0.5 m/s 0.8 m/s 1.5 m/s 3.0 m/s kS 0.5 m/s 0.8 m/s 1.5m/s 3.0m/s PEIIES
0.5 m/s 0.756 0.244 0 0 0.756 0.756 0.244 0 0 0.756
0.8 m/s 0.136 0.814 0.050 0 0.814 0.152 0.780 0.051 0.017 0.780
1.5 m/s 0 0.022 0.978 0 0.978 0 0 0.913 0.087 0.913
3.0 m/s 0 0 0.075 0.925 0.925 0 0 0.125 0.875 0.875
it 0.795 0.814 0.882 1.000 0.795 0.814 0.882 0.875

(5) VAL, SALDURP AR TS, 1] 10 T 4 A3k
JEEGO I w, M. o, BRI 40
AR S, R mEs AL, iz
ZNRE IRy BN AR A e BB AN, AR
BB WA 2w BV

3.0 -
< »
2.5}¢ T
. 2.0}
N

T B

1.5} % % )

] 0 % -
. . . T
0.5 0.8 1.5 3.0
JHSE (m/s)
E10 u B9 %

Fig. 10 Distribution of u,
3.4 FGtEERE IR E IR R

Xt H brIg s BT, AT SR AL
F B A A s TV 1) o A 2 78 ) A i A
ARG BRI N 1 KB, By
By P AR TR N 65 KB/so b K IR AL 4 70 4 5 i
SUSAEAF BRI PERE, 3 B0 = b i R A R A
R, SRR SKEENE. mid/
P A i 4 0 S B AT A Kol (L BRPIR S AN e 5 4t
XA Hbsizsh, IR £ G I K Aot ft
B AR T AT R R e+

AT BTN R AR ORI RN, 73 AR

VIS 4F N & USRP2 [RIEHR N 30 KB/s.
55 KB/s. 110 KB/s fil 125 KB/s. {E&EMAL 4
N, [F R AR A LA 3 Tl R A i A
Dk, Ao E AT S 30 R, BRI R AR
ok 21 SI2 50 1) B8 HR IR AS e 41 o S ) [ B 2 4
acf. R, ¥ L,.. FIl SMO }¥%, it EtME
J7 2 RFIEXRT 3 Fliz sl (0.5 m/sy 0.8 m/s.
1.5 m/s) 732, S BIMUEF W 11 . 4%k
P AL AL S R AE 55~100 KB/s I, ~F-343H kG
JE A 87.4%; 4%y 30 KB/s I, T HdEt
Z AV RIS TR) T R Ik, AN BEAR A M ad sk H AR iz
G, BB BIRE A 79.9%: itk
TN 125 KB/s B, /I8 S50 £ £ i 1] B et
Rl NS R AN PRI b SR AN I i AR S S R AY |
TERHRE N 84.4%. ILAL, AR id ik 2 35
WA TERE NI, I AR A R B . A

1.00
0.95
0.90
il 0.85+
o | = 0.5m/s
Lo
070 = 1.5m/s
0.65 =T
0.60
125 110 55 30
FE4ERE (KB/s)

B 11 FREHEeAmEE IRz shEE iR A E
Fig. 11 The classification accuracy of different moving

speeds with different transmission speed
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Table 3 The SMO algorithm confusion matrix under different moving speeds

. [ 2 KA 5 SRS (AR R AE 53 B, A R AL

0.5 m/s 0.8 m/s 1.5 m/s 3.0 m/s FAGIES 0.5 m/s 0.8 m/s 1.5 m/s 3.0 m/s Faf lps
0.5 m/s 0.400 0.550 0.050 0 0.400 0417 0.361 0.194 0.028 0.417
0.8 m/s 0.150 0.600 0.250 0 0.600 0.173 0.635 0.154 0.038 0.635
1.5m/s 0.100 0.250 0.550 0.100 0.550 0.065 0.283 0.543 0.100 0.543
3.0 m/s 0 0 0 1.000 1.000 0.043 0.085 0.149 0.723 0.723
b1k 0.610 0.429 0.647 0.909 0.517 0.524 0.532 0.810
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