#4994 5510801 ¥ 6 # 2 & K %X & 3 =& Vol. 49.No. 10

2019 @ 104 JOURNAL OF UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA Oct. 2019

G . 0253-2778(2019) 10-0805-07

ERNEMBEARHAGZTIRANTT X
FATL K HOHEK.FT RUHE.IEE

Crp R} 2 B A B BE MLARRHE 75 97 . 2 30A R 23003 1)

HE. MEZARBFTEESLMNEZ L AE X ENPA, A TH RN F kA EBRIZEN KA
%ﬁna"”—ﬂlﬂﬁﬁ%%lﬂmﬁ,%%%ﬁmﬁ%E&ééf%ﬁ*%ﬂ—_%i&iﬂﬁ' B B, Ak — AL T
FRNEAARRGEALESHMN T E. BEAEARXBET S 2 ETTFREBKARL. R RARE W
UWB 3B 7 ik, FIAAR KGR Is o) R AaFo i 35, EESE A EP. 2R RAR DAt
T REFRZEBELZRMARE ROGIGHE. GAEEAN . AEOT R TR I IEE X2
EZE,TABIFI RN EAFZBFLEESEE.
K. EREAGEERA; HARY  REAKRBA ;T REIER
PESES . TNI SCERFRIRED . A doi: 10.3969/j. issn. 0253-2778. 2019. 10. 005
S| A /N ol AR, S T RN EM AR AR BRI ET] PR AR KRR,
2019,49(10) :805-811.
HUANG Xiaoping, ZHANG Jian, HU Zelin, et al. Human posture recognition method based on

indoor positioning technology[J]. Journal of University of Science and Technology of China, 2019,49
(10) :805-811.

Human posture recognition method based on indoor positioning technology

HUANG Xiaoping, ZHANG Jian, HU Zelin, LI Miao, ZENG Weihui, LI Hualong
(Institute of Intelligent Machines , Chinese Academy of Sciences, Hefei 230031, China)
Abstract: Solitary elderly person posture recognition, especially when falling down, is a problem of
concern today. The traditional method based on machine vision is flawed with too much privacy invasion,
high cost and complex factors such as the implementation process, while the method based on acceleration
sensor has a lower recognition rate in the stillness of the gesture. This paper introduces a new kind of body
posture recognition scheme that employs indoor positioning technologies. The main job is to build an
indoor positioning system, and paste tags to the key parts of the clothes and hat. The tags can receive
ultra-wideband (UWB) signal from the positioning system. The UWB signal is used to get the distance
which is important for the positioning. Finally, body posture can be easily recognized. In gesture
recognition algorithm, this paper USES the least squares and the improved extend Kalman filter to
suppress the noise of the distances measurement, so as to improve the accuracy of location. The simulation

algorithm shows that the improved extend Kalman filter is effective.
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Fig. 1 The diagram of positioning umbrella and tags
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Fig.3 Posture angles of falling down
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M NA)H L AT RS LLZE I 8938 S B0 S 1]
SE BRI AT Fe /N 3R RN HE B R R B 0B T vk
FHENE 5 Prs Wiz sh 8Lk, 18 5 (a) L (b) | (o) 73 ) Ji
NTZEM .y e A HERE Bz s Bm ds. 1815
H,BRid Real S MEL) 513 A A B 4 A id LSE
/D TARAG AR M BRIC EKF AT 2.2 Y
UCHE YRR R 2 g S k. AIET 5 JE R B P
R IR R SERA , IEKE 83k ih 48 b4 5 3 A R 0
o ROV 22 L fie /s —SRGEVER /IN o BIVER W Al B R
T NIHEEY 1328 B 5T

K5 R L J7s T PR 0L 0 RE L A i 3t R
BRI S S AL, Sy T N ROW b — 20 T i PR A
LR ER B VERE L BE SCER BR IR 25 N

deviation = | X cimue — X reat | 16>

216 Sz W (2 B35 A T B A7 B X e T
TS E X o Z 1AM 22 181 6 R W0 AR 335 A T
3 2R BRER G 22 . 0T DL &0d (EKE 3895 . f 22
fEH/N . R ALT LSE 5k,
3.2 NMEEFZHEST

T — 25 23 M ARz Bl AR RS )
MEEB I, PR R LA TR B AR LSS
BSR4 78 i 22 3 Bl fi 22 475 48 =X (16)
KR, R T AR A R A B R VR RE L FRAT]
FIAPHTRIZEME & B A RS 3l 7 2% 4> I 20 5K F-
NSNS U

1 T
Egw =720 | Xeimue B) — X, )| (D)
T k=0

e B 73 1) 2 A0 1) 5 A L S P R O A
TSRS RGN HE 2 WA iR 22, 15



810 P EAFHARKFEFR

% 49 %k

200

5 400! ]
»
-600¢ real I
-800) s - LSEf

-iEKF
-1000 - - - - - :
0 200 400 600 800 1000 1200 1400
time
(a) x dimension
410 " T

real
400+ 1 ~—LSEL
Toml iEKF

0 200 400 600 800 1000 1200 1400
time
(a) y dimension

100

z/cm

real | |
LSE
iEKF

-50 : - : : : :
0 200 400 600 800 1000 1200 1400
time
(a) z dimension

B 5 LfootHy x.y.z FEBELLE

Fig.5 Comparison of deviation in x,y .z dimension of Lfoot

value/cm

0 200 400 600 800 1000 1200 1400
Time

B 6 PHMEEI Lioot fliitiRE

Fig. 6 Lfoot deviation between two algorithms

FR 2R B S R. K 2 T LRI B FE 1.
IEKF 15734 B 5 1% 22 /N T fe /I Z 3 LSE Al 1+ 55
s LA TR B B T 5 T outder o etvow N s FE AR
Tt A, o vk IEKE 587 B S0 (H 2 (8] 1
SEH 2 K 0. 135 3 cm. /N T & /N —3€ LSE 4
0.240 7 cm. [AFEHL s DL Oreare Laboutder Letbow N 1]
ST NARAT G i AR i 2 S T e 25, T LLA
iEKF 4412224 0. 007 9 rad, b LSE A9 0. 010 8
AN DL B SR W ek S A .

R2 MomMERFHIREIL

Tab.2 The average deviation of some vectors

] H: 44 FR LSE iEKF

0.2407 (cm) 0.1353(cm)

II.shou]chu—l.cll)uw

0.0108(rad)  0.0079(rad)

0 heart-Lshouder-Lelbow

0.3419Cecm)  0.1664(cm)

FiAh AT UL A B i B vE (EKE B9 1 R B 1
HARB T, RGO P N BUE L FE %A
1 << N <40, 2 743 Hr Hooh 2 28 A0 10 B (o s iy L 3%
IIAFGE R 2 P AT T oo ravow 3 N Z[H]
5 Z A3 B 1 7 R 45 4.

0.25

0.2 ...‘

edve

0.1

0.05

0 5 10 15 20 25 30 35 40
N

B7 BERENMBEENEIE
Fig. 7 Influence of N on estimated accuracy
AL 7 AL S 1 R/NVEE B N = 23 I 2235
138 T outder-to Letvow HOT- 35 R R 1R 22 Be /N XA G T
iiEX N =23 Ea R, Hfb %A 1m0 R w
RETE LM EL B 20T W5 A Db 22 AR B 7 2045 2R 0 #r
15 < N < 25 JEEO BUAR A 4.

4 it

ARCBS BN EN L, B g
FIBE & 2E AR 0 14 A4 0hR 28 5K 22 07 IF 78 BUA
RSN LR L) 51 2 vh (i A4 2 3l 455 8 o 208
KL M5BT e/ 3 M EKF Bk, SC 56 K B,
IEKF Bk g L3 47 Al o+ AR i A7 & L 45 4 ) o
Mz L5 M AR R B I LSE Bk &, &5
SIAT T RO /INKE Al TR BE 52 e, O 45 B O
VEHCR BV L R — 2 TAE 6 1% B0k B A 2
A P2 20 v 2 R ISR 2 [ E IR AR |
i 2N B I FH T 2 N e 5 M R ) T A R
s,

2 2% LK (References)

[ 1] GONG Shulan, WANG Yuling, ZHANG Mingyu, et

al. Design of remote elderly health monitoring system



% 10

A TFERNEZAAFRGAKRES AN %

811

[4]

[5]

L6]

L7]

£8]

based on MEMS sensors[ C]// Electrical Engineering/

Electronics» Telecommunications and

Phuket, Thailand: IEEE,

Computer,
Information Technology.
2017. 27-30
REMINE AT 26, 5T 2 M0 i 5 1 = 4k A
REEAET]. B F44H, 2016, 44(8): 1899-1908.
YU Jialin, SUN Jifeng, LI Wanyi.
estimation based on multi-kernel sparse coding [J].
Acta Electronica Sinica, 2016, 44(8): 1899-1908.
AR, AHE, TREtl, . S5 GBI RS
fhiitJresl)]. TRV BT 5 BE k. 2017,
29(2) . 279-289.

DAI Qin, SHI Xiangbin, QIAO Jianzhong, et al.

Articulated human pose estimation with occlusion level

3D human pose

[J]. Journal of Computer-Aided Design &. Computer
Graphics, 2017, 29(2): 279-289.

KEIN H K, HUNG N K, CHAU M T, et al, Single
view image based-3D human pose reconstruction[ C]//
9th
Systems Engineering .
118-123

Knowledge and

IEEE, 2017:

International Conference on

Hue, Vietnam:

FRANCESC M N. 3D human pose estimation from a
single image via distance matrix regression[C]// IEEE
Conference on Computer Vision and Pattern
Recognition Honolulu, USA. IEEE, 2017:
1561-1570.

HONG Chaoqun, YU Jun, TAO Dacheng, et al.

Image-based three-dimensional human pose recovery by
multiview locality-sensitive sparse retrieval [J]. IEEE
Transactions on Industrial Electronics, 2015, 62 (6):
3742 - 3751.

B 2, R B L . — RT3 B B A A
P I E LT ] BLAR A, 2014, 36(3): 285-292.
TIAN Guohui, YIN Jiangin, HAN Xu, et al. A novel
human activity, recognition method using joint points
[J]. Robot,2014, 36(3): 285-292.

SOMBANDITH v, WALAIRACHT A,
WALAIRACHT S. Recognition of Lao sentence sign

language using Kinect sensor[ C]// 14th International

Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information
Technology.  Phuket, Thailand: IEEE, 2017.
656-659.

TRIPATHY S R, CHAKRAVARTY K, SINHA A,

et al. Constrained Kalman filter for improving Kinect

[10]

[11]

(12]

[13]

[14]

[15]

[16]

based measurements[ C] // International Symposium

on Circuits and Systems. Baltimore, USA. IEEE,
2017, 1-4.

PIERLEONI P, BELLI A, MAURIZI L, et al. A
wearable fall detector for elderly people based on
AHRS and barometric sensor [ J]. IEEE Sensors
Journal, 2016, 16 (17): 6733-6744
ZESCHE, ERESE WA 4 5. BT B SRR 3 i AR
AT BRI [T, R R 2, 2014, 42
(7). 87-91.

LI Wenfeng, WANG Longjin, YAO Daojin,

Fuzzy recognition of abnormal body behaviors based on

et al.

Journal of Huazhong
University of Science and Technology, 2014, 42 (7).
87-91.

ARTEA R e, 2R 0. 35T MEMS B #:l f& $ot ih £
PAF B A N 2D BRI 05 3k LT ] b B AR R R 4l
2017, 25(3): 299-303.

ZHU Zhuangsheng, ZHANG Yulong, LI Chi. Multi-

source information adaptive step detection method

motion feature analysis [ ] ].

based on MEMS inertial measurement unit[ ] ]. Journal
of Chinese Inertial Technology, 2017, 25(3)299-303.
B IR AR, SR B BT MEMS 5 AL IR i A
LB g )] T ER R R 2], 2016, 24
(5): 589-595.

LU Yongle, ZHANG Xin. GONG Shuang. et al.
Recognition of multiple human motion patterns based
on MEMS inertial sensors [ J ]. Journal of Chinese
Inertial Technology, 2016, 24(5): 589-595.
GENTNER C, ULMSCHNEIDER U. Simultaneous
localization and mapping for pedestrians using low-cost
[ Cl/
International Conference on Indoor Positioning and
Indoor Navigation (IPIN).
2017 1-8.

ultra-wideband system and gyroscope

Sapporo, Japan: IEEE,

TANG Yao, WANG Jing. LI Changzhi. Short-range
indoor localization using a hybrid Doppler-UWB system
[CJ// IEEE MTT-S International Microwave
Symposium. Honololu, USA. IEEE, 2017:
1011-1014.

YANG Shaowei, WANG Bo. Residual based weighted
least square algorithm for bluetooth/UWB indoor

system [ C]// 36th Chinese
Conference. Dalian, China: IEEE, 2017: 5959-5963.

localization Control



