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Fall Behavior Recognition Based on Multi-feature Fusion

Peng Yuqing, Gao Qingqing, Liu Nannan, Song Chubai, Zhang Yuanyuan
(School of Computer Science and Engineering, Hebei University of Technology, Tianjin, 300401, China)

Abstract: Under the background of global aging and empty nest family, the tumble of seniors has attrac-
ted a great deal of attention. To provide help for seniors and relieve the injury of tumble, a tumble recog-
nition algorithm based on image processing and multi-features fusion is proposed. In view of the prospect
of extraction, we propose an algorithm that combines three-frame difference method and background sub-
traction division of target by weight, then extract the height, ratio of width to height, the center of
mass, the perimeter of a rectangle, Hu moments’ and Zernike moments of target contour, using five ex-
perimenters’ walking, siting down, squating down and tumbling as the experimental samples. The algo-
rithm realizes tumble detection and recognition by training and predicting support vector machine (SVM)
after parameter optimization. The experimental results show that the proposed algorithm is efficient and
fast with easy implementation. The average recognition rate is more than 95%.

Key words: object detection; feature extraction; support vector machine; fall recognition
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Fig. 1 Flow chart of target extraction algorithm in this paper
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Hu 3 P15 Gl £y (s Hu Ji e Sl AF friE
M, 0.8647 0.6303 0.5726  0.3032 M; 1.0000  0.4416  0.3570  0.666 7
M, 0.9877 0.8022 0.8222 0.5150 | M, 0.8392 0.8231 0.3889  0.8442
M, 0.9319  0.7012  0.3089  0.5300 M, 0.9597  0.5396  0.2570  0.513 8
M, 0.9757  0.6766  0.3438  0.702 8

2.5.2 Zernike 4B 4 4E

Zernike 4 J2 T Zernike %Iﬁtﬂ@ﬁ?&ﬂcu%& Bt IS HA TR A R B R
AT A AR A D W R R HL LA AR AT A R AE R R AR . B F Zernike BN 2
A% RO AN AR M 7 2 F O R BEAT I — A A SCR AT AR A0 19 05 R 0 — R R AT 0 — Ak 0 X
T Y

mmzzzlf’y(’f(x,y) D)
3 3t b AT LA B R BT O () K

(€D
—

5 P 19 T 0 B 3 ) A8 b JBE 8 (2 TP RS . omo, AR PR P HAR I AL, IH— L R 9 R
St 4B AT 1 A /NS S 495 — B L+ 7 LA BEAG8E AF (e oma » /oy ) 78 4 S5 sk T DA 52 B PR A4 R~ g —
Bk, 25 BT AR ER g (o) B g(asy) = f(a/my — 25 y/my — 3) JG 18 FIH Zernike i
5 AT 7T R T B S A

EXAERALE o + " =1 F ARG/ IEZER ZEEEEV,, (o) X SRR RIE T )
U4 7 5 U2 A Y 6 S T BB B S
Vi (o) =V, (p:0) =R(p)e” 9

A p BIE R 0. 1.2, 5q IR 0, =1, 22, HW R p— |g| HEBBH [q| < pipfRFER
MBI (s ) MRBERE; 0 AUFRE R E S (o ) I EKR S o st i 41 05 100 19 e A5 (o 0) N ki
(s ) B AR ARIE S

R, (o) I fiAR ) 2 55 H gk ik 00

G=lab \/\7

(P*S)' —25
R,(o= > (— s (10)
w0 2 L optld] p—lal., °
o) (LAl oy (2214,
2 2
B e I3
S .
JvameAmwmw—p+pww an
24y <
. lsa:b N N
X0, = 0va = b Vaulxsy) BV, (x,y) BILEE LI,
s

HR A5 Zernike Z W B A 1E A8 56 % Pk 7E B I8 A AT — R /(o) HB W] DAME— J&IF, 1)

f(x,y)ZZEZMVM(p,@) (12)

p=0 q=0

SR AD PR V) (2, ) HTE 2 4 3 <1 EXFA3) 5015



EHE F AT SR ERASGBEITARNE A 897

N

ﬂ FCeayI Vi (or ) dady = ﬂ SIS 2,V Gos DV Con dardy (13)
Ayl Eat
Z i EARE Z,, R AR SCE R ) Zernike Hi L 58 X
7, =b* lﬂfu,yw,;, (0s0dady o +y <1 (14)
T

RV, (0.0 .V, (0.0 58818V, (aay) BV (oay) HITRAFRIE
1 R Ay B HOR BT R BT Ok A2

Z, = LISV f Vi () 2y <1 (15)

T
I ZEHR Z,, VR 3 JEHRAE L Zernike HH Y TE 5 PR #E S 1715 B I TR - I AT DUROR R 9 T 5 A 78
FRAE . 29 SO0 H AR 6 BRI $R B T HA 10 A4 Zernike FEAFAE, N 2 FioR . A SCHE PG B 4 T BT K&
F17E 4 AT AW ] SRS 1 28 5 8 4 B AT Dy i R A A IR HG R A I Ja) ) 4% @ )R] R AT 45
O3 U4 BT i R A A~ A5 23 I [ A B AR D G B it
R2 4FITHE 10 4 Zernike 5645 14E

Tab.2 10 Zernike matrix features of four behaviors

Zernike i A5 N AR 173& Zernike 45 7R N AR 173&
7k, 0.3088 0.3163 0.3170 0.317 2 Zk; 0.0599 0.0037 0.0066 0.006 2
Zk, 0.036 6 0.0048 0.0028 0.0015 Zk; 0.0002 0.2270 0.2793 0.2893
Zk, 0.0502 0.0050 0.0040 0.0033 Zkg 0.036 7 0.0032 0.0063 0.0049
Zk, 0.016 3 0.0130 0.0093 0.0101 7k 0.0180 0.0903 0.1449 0.1531
Zks; 0.024 3 0.0027 0.0044 0.0033 Zky, 0.0618 0.1689 0.2008 0.2139

3 BETXHFEEVITAIRA

6 B S A P AR O A AR A ) I TR AR A o I R RS 3 Y 20 A R TR A OC T
B, AR S S ) B K A AT A A A D AN TR SVML R AT D) Ak B0 2R P 43 258 ) e, AT DA Sk ok 3R
AL HE I, 54 LA B, SVM A S i 0 T TR 0 o PRI FE AL A 2 2T B R ) A A
WG B2 55 SRS T T 2 KT .

3.1 SVM EAEig

SR ) LA WA R B T A 2R L A T 2 2R M ] il A 2 AW R AR 2
Kor R L fE P NI, 250 R B s A AR TS5 T 24— 5.,

VA EPEREARE (2rsy) s (asy) s x €ER Ly e {1, — 1), H 2 kAR n
HREARLER ;s y HREARM G . AFTE BV w - x+b0= 0 REMK IR AT 23 HIIF i &
i

yvil(wez)+b]—1=0 (16)
T A S T 6 5 B S H27|| A1 B B A 2 1 B . BR[| B/ . T g

D 43 25 8 5 T S A £ 40 255 9k % Ak I 249 912 0 Al [0 0 B3R R K A (o) — %nwnz . %«w- w) ) e/
14 ) 5
1

Bl ARLAE B H pREL - L:?”"wnz— Za,y,(w- x,+b)+ Za,, AR w f b RIS IS HET 0



898 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 31,No. 5, 2016

T AR AR5 6 ) 0 B 02 B 245K 2% SR A W o K 66 4
W = Da - Dawwy (o - 2 an
LI 5K e o A -
FCo) = sgn( el yi(aom) +b°) (18)
3 6 R Ay A 28 . SV 76 T L 5 T 4 o e
5 50 e P 40 P BB K o, o, ) 95 145 B 0 5 4 R 2R 6 . B 7 R
5

k

k
T(a)zza,*%za,a,y,le(x, ) (19)

f(x) :sgn(Za,&y,K(x'(,xj) —+ b ) 20)

A sgn A5 REG £ NSIFMEEGE MR EE . LRI 2Pk R E B S S 1 AL

AR MZ R SERAR R &L, % AN Z R A LR 20 R =2
) 3 A2 pRBORN A 22 ) 25 4% R B . AN SC sk RBE R AR i) 56 2% 06 B0, 65 312 B G 65 AIE BE A 5040 4 il
ZRAE R R A W AV ZR BT AT A 2 S BUATE VAR T VBT BB B 4 AP AT R Y 4 2K
P
3.2 SVM B8 # ki

SCFE 1) T HL A3 S HOR AR KR B AR T I S 80 0 I - 2 801 1) 3k B S Re 1 LA HE T B
N R B REER ST EERNEN, XRHMENTHSHETESANE. - R B RELENS
BB —REGRESE ¢ AXH LT XKL MAGEREMERLESH. X TACRAKRZ
] A% PR ) SVM Bk dh, ORI E ¢ F1 g BBUETE B R KRB K R FEEH XA (.o R X
IO T 32 1 1 RE AT I 30 RE AR I B 5 v O E R R I S 0E . P AR Y 4 R AT R AT T AL
S8 58 1 A SEIE K AT A 28 0 43 B kA3 5 F R AR P R S AT 0 Ak, Ho b AR BRI AT O B AR AT E AR TN A
BT, 3 T WIZAT A A At R B A S RO R H xR R B R A AR S R E 17 Fros
& 17 1 gamma B % K EL S5 g;log, (¢) =3;log, (gamma) = — 7 ;accuracy=96. 774 2% ;c=8;gamma
=0.007 812 5,

R3 BEISEBREBLISHEMNREIRRNE

Tab.3 Parameter of falling and non-

falling part and its correct rate E
g (0 log: () BUHH/ % &
—1 13 64 =
9 —7 90
—3 1 60
15 3 85
) ., o 17 R A R 2 Al

Fig. 17 Falling and non-falling parameter optimization figure

5 2 ARG AT O M ATE AR VBN MR 4 AT AL R 4 i T 4 AT A R P
32 BN B HON LR P e AR A B 45 R A 8] 18 JiF R . &1 - gamma B BB ZHL g5log, (o) =



EF F AT ERERESGBRBAITARNERR 899

N

5;log, (gamma) = — 11 ;accuracy=96. 0% ;c=232;gamma=20. 000 488 281 25,

R4 ATITABSSENRERANZE
Tab.4 Four behavior partial parameters

and their correct rate

log, (¢) log, (g) PRI/ %

1 3 40

7 —9 76

13 —7 88

T o8 B18 4 ATy SO
5 —11 96

Fig. 18 Four kinds of behaviors parameters optimization figure
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Tab.5 Experimental results before and after optimization of falling and non falling parameters
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